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ʆʪ ʨʝʜʢʦʣʣʝʛʠʠ ʞʫʨʥʘʣʘ 

ɺ ʩʦʚʨʝʤʝʥʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʪʘʥʜʘʨʪʳ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʢʣʶʯʝʥʳ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʩʪʫʜʝʥʪʦʚ. ʏʪʦʙʳ 

ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ ʙʘʢʘʣʘʚʨʩʢʠʝ ʠ ʤʘʛʠʩʪʝʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʣʠ ʥʦʚʳʝ ʬʘʢʪʳ ʠ ʛʠ-

ʧʦʪʝʟʳ, ʧʨʦʚʦʜʠʪʩʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʧʨʘʢʪʠʢʘ, ʦʨʛʘʥʠʟʫʶʪʩʷ ʤʦʣʦʜʝʞʥʳʝ ʢʦʥʬʝ-

ʨʝʥʮʠʠ. ʈʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʩʦ ʩʪʫʜʝʥʯʝʩʢʠʤ ʘʟʘʨʪʦʤ, ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʚʩʝʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʪʘʢ ʠ ʦʩʪʘʶʪʩʷ ʚ ʟʘʙʚʝʥʠʠ. ɹʫʤʘʞʥʘʷ ʚʝʨʩʠʷ ʢʚʘʣʠʬʠ-

ʢʘʮʠʦʥʥʦʡ ʙʘʢʘʣʘʚʨʩʢʦʡ ʠ ʤʘʛʠʩʪʝʨʩʢʦʡ ʨʘʙʦʪʳ ʭʨʘʥʠʪʩʷ ʥʘ ʚʳʧʫʩʢʘʶʱʝʡ ʢʘʬʝʜʨʝ 5 ʣʝʪ ʧʦ-

ʩʣʝ ʦʢʦʥʯʘʥʠʷ ʚʫʟʘ ʩʪʫʜʝʥʪʦʤ. ʈʘʮʠʦʥʘʣʴʥʦ ʚʩʝ ʞʝ ʟʘʢʨʝʧʣʷʪʴ ʦʩʥʦʚʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʚʳ-

ʚʦʜʳ ʜʦ ʚʳʭʦʜʘ ʥʘ ʟʘʱʠʪʫ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʚ ʧʫʙʣʠʢʘʮʠʷʭ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʜʦʣʞʝʥ 

ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʦʮʝʥʢʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʨʝʮʝʥʟʝʥʪʦʤ ʠ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦ-

ʤʠʩʩʠʝʡ. 

ʇʫʙʣʠʢʘʮʠʠ ʩʪʫʜʝʥʯʝʩʢʠʭ ʠ ʘʩʧʠʨʘʥʪʩʢʠʭ ʨʘʙʦʪ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʣʦʜʝʞʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ ʠ h ʢʦʣ ʚ ʈʦʩʩʠʠ ʠʤʝʶʪ ʧʨʠʥʠʞʝʥʥʳʡ ʩʪʘʪʫʩ ʠ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʳ 

ʧʦʜʛʦʪʦʚʢʠ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ. ʇʨʦʙʠʪʴʩʷ ʩ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʧʫʙʣʠʢʘʮʠʝʡ ʚ ʞʫʨʥʘʣ 

ʩʪʫʜʝʥʪʫ ʥʝ ʨʝʘʣʴʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʨʝ-

ʧʦʜʘʚʘʪʝʣʷʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʩʨʝʜʠ ʥʠʭ ʩʧʦʩʦʙʥʳʭ ʢ ʥʘʫʢʝ, ʜʣʷ ʨʘʟʚʠʪʠʷ ʠ ʟʘ-

ʢʨʝʧʣʝʥʠʷ ʧʦʥʷʪʠʡ ʠ ʧʦʜʭʦʜʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʝ ʩʝʢʨʝʪ, 

ʯʪʦ ʥʘʫʢʘ ʚ ʈʦʩʩʠʠ ʧʦʩʪʘʨʝʣʘ. ʅʘ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʧʦʞʠʣʳʝ 

ʥʘʫʯʥʳʝ ʨʘʙʦʪʥʠʢʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ. ʉʠʩʪʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʚʠʪʘʷ ʚ ʟʘʧʘʜʥʳʭ ʫʥʠʚʝʨʩʠʪʝ-

ʪʘʭ, ʧʦʟʚʦʣʷʝʪ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʬʦʨʫʤʳ, ʚ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʩʧʠʨʘʥʪʳ ʠ 

ʩʪʫʜʝʥʪʳ ʙʘʢʘʣʘʚʨʩʢʦʡ, ʤʘʛʠʩʪʝʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ɻʝʥʝʨʘʣʴʥʘʷ ʘʩʩʘʤʙʣʝʷ ɽʚʨʦʧʝʡʩʢʦʛʦ ʩʦ-

ʶʟʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ (EGU) ʝʞʝʛʦʜʥʦ ʩʦʙʠʨʘʝʪ ʚ ɺʝʥʝ ʦʢʦʣʦ 10-11 ʪʳʩ. ʜʦʢʣʘʜʦʚ, ʙʦʣʴ-

ʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʧʨʦʠʟʥʦʩʠʪʩʷ ʤʦʣʦʜʳʤʠ ʣʶʜʴʤʠ, ʥʘʯʠʥʘʶʱʠʤʠ ʩʚʦʡ ʧʫʪʴ ʚ ʥʘʫʢʝ. 

ʀʟʜʘʥʠʝ ʞʫʨʥʘʣʘ ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ï ʵʬʬʝʢʪʠʚʥʘʷ ʬʦʨʤʘ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʷ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʰʝʡ ʰʢʦʣʳ. ʆʩʥʦʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʜʣʷ 

ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʝ ï ʘʚʪʦʨʩʪʚʦ ʠʣʠ ʩʦʘʚʪʦʨʩʪʚʦ ʩʪʫʜʝʥʪʘ, ʘʩʧʠʨʘʥʪʘ 

ʠʣʠ ʤʦʣʦʜʦʛʦ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ. ɺ ʞʫʨʥʘʣʝ ʧʫʙʣʠʢʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴ-

ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪ rʠ ʤʝʪʦʜʠʯʝʩʢʠʝ ʨʘʟ-

ʨʘʙʦʪʢʠ ʤʦʣʦʜʳʭ ʛʝʦʣʦʛʦʚ ʠ ʛʝʦʛʨʘʬʦʚ ï ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ, 

ʩʪʫʜʝʥʪʦʚ ʤʘʛʠʩʪʝʨʩʢʦʡ ʠ ʙʘʢʘʣʘʚʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ. ʅʘʨʷʜʫ ʩ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʩʪʘʪʴʷʤʠ, 

ʚʚʦʜʠʪʩʷ ʨʘʟʜʝʣ çʉʦʙʳʪʠʷè. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʣʦʛʠʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʧʨʠ-

ʦʨʠʪʝʪʥʳʝ. ɺ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʨʘʟʥʳʭ ʩʪʨʘʥ ʩʦʟʜʘʥʳ ʬʘʢʫʣʴʪʝʪʳ, ʠʤʝʶʱʠʝ ʢʦʥʢʨʝʪʥʫʶ ʪʝʤʘ-

ʪʠʯʝʩʢʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟʜʘʶʪʩʷ ʤʝʞʜʫʥʘʨʦʜ-

ʥʳʝ ʞʫʨʥʘʣʳ Environmental Earth Sciences (ʋʥʠʚʝʨʩʠʪʝʪ ʇʠʪʩʙʫʨʛʘ, ʰʪʘʪ ʇʝʥʩʠʣʴʚʘʥʠʷ, 

ʉʐɸ) ʠ Geology, Geophysics and Environment (AGH ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʉʪʘʥʠʩʣʘʚʘ ʉʪʘʰʠʮʘ, ʂʨʘʢʦʚ, ʇʦʣʴʰʘ). ɾʫʨʥʘʣ ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ (Geology and 

Environment) ʦʨʠʝʥʪʠʨʦʚʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʦʩʚʝʱʝʥʠʝ ʚʦʧʨʦʩʦʚ, ʢʘʩʘʶʱʠʭʩʷ ɻ ʪʦʡ ʪʝʤʘʪʠʢʠ 

ʚ ɹʘʡʢʘʣʦ-ʄʦʥʛʦʣʴʩʢʦʤ ʨʝʛʠʦʥʝ ʠ ʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ɸʟʠʠ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʀʨʢʫʪʩʢʦʛʦ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ ʢʘʢ ʙʘʟʦʚʳʡ ʜʣʷ ʠʟʜʘʥʠʷ ʞʫʨʥʘʣʘ 

ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʤʥʦʛʠʝ ʛʦʜʳ ʧʨʦʚʦʜʠʪ ʫʯʝʙʥʳʝ, ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʝ ʧʨʘʢʪʠʢʠ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʚ ʩʦʧʨʝʜʝʣʴʥʦʤ ʍʘʤʘʨʜʘʙʘʥ-

ʩʢʦʤ ʪʝʨʨʝʡʥʝ, ʢʦʪʦʨʳʡ ʙʳʣ ʘʢʢʨʝʪʠʨʦʚʘʥ ʢ ʢʨʘʶ ʧʣʘʪʬʦʨʤʳ ʚ ʨʘʥʥʝʤ ʧʘʣʝʦʟʦʝ. ʉʪʫʜʝʥʪʘʤ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʩʘʜʦʯʥʳʭ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʦʪ ʨʘʥʥʝʘʨʭʝʡʩʢʦʛʦ ʜʦ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦʨʦʜʳ ʉʣʶʜʷʥʩʢʦʛʦ ʤʝʪʘ-

ʤʦʨʬʠʯʝʩʢʦʛʦ ʩʫʙʪʝʨʨʝʡʥʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʤʥʦʞʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʨʴʝʨʳ ʠ 

ʰʘʭʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʷ ʠ ʩʦʣʠ, ʤʦʣʦʜʳʝ ʚʫʣʢʘʥʳ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ. ʅʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʥʘ ʦʙʥʘʞʝʥʠʷʭ ʦʩʚʝʱʘʶʪʩʷ ʚʦʧʨʦʩʳ ʥʦʚʝʡʰʝʡ ʛʝʦʜʠʥʘʤʠʢʠ ʠ ʪʝʢʪʦʥʠʢʠ ɹʘʡʢʘʣʴʩʢʦʡ 

ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʷʨʢʦ ʧʨʦʷʚʠʣʩʷ ʧʨʦʮʝʩʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ, 
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ʯʘʩʪʠʯʥʦ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʨʦʛʝʥʝʟʦʤ. ɼʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ, ʦʩʪʘʚʰʠʝʩʷ ʧʦʩʣʝ 

ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʇʨʦʚʦʜʠʪʩʷ ʩʝʨʠʷ ʤʘʨʰʨʫʪʦʚ ʧʦ ʚʳʭʦʜʘʤ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʭ ʧʦʨʦʜ, 

ʩʣʫʞʘʱʠʭ ʚ ʢʘʯʝʩʪʚʝ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ ʜʣʷ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ. ʆʨʛʘʥʠʟʫʶʪʩʷ ʥʘʙʣʶʜʝʥʠʷ ʚʳʭʦʜʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʟ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʦʩʘʜʦʯ-

ʥʦʛʦ ʥʘʧʦʣʥʝʥʠʷ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʳ. ʄʥʦʛʦʛʨʘʥʥʳʡ ʧʨʠʨʦʜʥʳʡ ʫʯʝʙʥʳʡ 

ʧʦʣʠʛʦʥ ʇʨʠʙʘʡʢʘʣʴʷ ʩʦʟʜʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ ʧʨʝʧʦʜʘʚʘʥʠʷ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʪʫʜʝʥʯʝʩʢʠʭ ʠ ʘʩʧʠʨʘʥʪʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦ-

ʣʦʛʠʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʨʘʤʢʘʭ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʫʙʣʠʢʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷ-

ʟʘʥʥʳʭ ʩ ʠʟʜʘʥʠʝʤ ʞʫʨʥʘʣʘ ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, ʨʝʜʢʦʣʣʝʛʠʷ ʧʨʠʛʣʘʰʘʝʪ ʢ ʩʦʪʨʫʜ-

ʥʠʯʝʩʪʚʫ ʧʨʦʬʝʩʩʦʨʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ɹʘʡʢʘʣʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ 

ʠʟ ʜʨʫʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʫʯʨʝʜʠʪʝʣʝʡ ʞʫʨʥʘʣʘ 

ʚʳʩʪʫʧʘʝʪ ʂʠʪʘʡʩʢʦ-ʈʦʩʩʠʡʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʋʜʘʣʷʥʴʯʠïɹʘʡʢʘʣ ʧʦ ʥʦʚʝʡʰʝʤʫ 

ʚʫʣʢʘʥʠʟʤʫ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (ʩʘʡʪ: http://www.crust.irk.ru/crc/). ʀʟʜʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ. 

 
ʊɽʄɸʊʀʂɸ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʍ ʉʊɸʊɽʁ 

¶ ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ 

¶ ʇʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ 

¶ ʄʠʥʝʨʘʣʦʛʠʷ, ʧʝʪʨʦʣʦʛʠʷ 

¶ ɻʝʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ 

¶ ʃʠʪʦʣʦʛʠʷ 

¶ ɺʫʣʢʘʥʠʟʤ, ʥʦʚʝʡʰʘʷ ʛʝʦʜʠʥʘʤʠʢʘ 

¶ ʅʝʦʪʝʢʪʦʥʠʢʘ, ʛʝʦʤʦʨʬʦʣʦʛʠʷ 

¶ ɻʠʜʨʦʛʝʦʣʦʛʠʷ, ʠʥʞʝʥʝʨʥʘ ̫ʛʝʦʣʦʛʠʷ 

¶ ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʛʝʦʬʠʟʠʢʘ 

¶ ɻʝʦʵʢʦʣʦʛʠʷ 

¶ ʌʠʟʠʯʝʩʢʘʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʛʝʦʛʨʘʬʠʷ 

¶ ʄʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

¶ ɹʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

¶ ʋʯʝʥʳʝ-ʧʝʨʚʦʧʨʦʭʦʜʮʳ 

¶ ʅʘʫʯʥʘʷ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ, ʫʯʝʙʥʘʷ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʘʷ ʧʨʘʢʪʠʢʘ 

¶ ʆʙʟʦʨʳ 

ʊɽʄɸʊʀʂɸ ʉʆɹʓʊʀʁʅʓʍ ʉʊɸʊɽʁ 

¶ ʈʝʮʝʥʟʠʠ 

¶ ʕʢʩʧʝʜʠʮʠʠ 

¶ ʇʦʣʝʚʳʝ ʧʨʘʢʪʠʢʠ 

¶ ʂʦʥʬʝʨʝʥʮʠʠ 

¶ ʖʙʠʣʝʠ 
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Initial terms and definitions of 
continental rift zones and rift systems 

The term "rift" was proposed in 1896 by the 

English geologist J. Gregory to denote a fault 

that formed due to gravitational forces. J. Greg-

ory proposed to call the negative structure 

formed between two faults ñrift basinò or ñrift 

valleyò. 

Rifting processes of continents were inten-

sively studied in the 1960sï1990s. In an intro-

ductory talk of the symposium ñProblems of rift-

ingò, held in Irkutsk in 1975, A.L. Yanshin, 

while discussing the problem of rift terminology, 

described rifts as ñnegative structures of the 

earthôs crust associated not simply with subsid-

ence under the influence of gravity, as J. Greg-

ory wrote, but with large horizontal extensions 

of the sialic layer that are accompanied by the 

formation of faults extending into the Earthôs 

mantle and displaying basic magmatismò 

(Yanshin, 1975, p. 5). In this definition, a rift was 

presented after J. Gregory as a crustal structure 

that influences the underlying mantle. 

In the monograph by E.E. Milanovsky, pub-

lished in the next year after the symposium, a de-

tailed concept of a rift zone was suggested. "Rift 

zones are very long (many hundreds and thou-

sands of kilometers long) planetary-scale strip-

like tectonic zones, common within continents 

and oceans, in which there is an upwelling of 

deep (mantle) material, accompanied by its lat-

eral spreading that leads to more or less signifi-

cant transverse stretching in the upper layers of 

the earth's crust. The most important structural 

expression of the stretching process on the 

Earth's surface is usually the formation of a deep 

and relatively narrow (from several kilometers 

to several tens of kilometers), often stepped gra-

bens (symmetrical or asymmetrical), limited by 

normal faults of great depth (the rift itself or "rift 

valley"), or several (sometimes a whole series) 

of such grabens... Rift zones, with rare excep-

tions, are characterized by an increased heat 

flow, the value of which generally increases as 

they approach their axis, often reaching 2ï3, and 

sometimes even 4ï5 heat flow units. The devel-

opment of most rift zones is accompanied by dis-

playing of hydrothermal activity and magma-

tism, and in particular, volcanic eruptions fed 

from subcrustal, and in some continental rift 

zones, perhaps also from intracrustal magmatic 

centersò (Milanovsky, 1976; p. 10). As we can 

see, this definition refers both to the lithospheric 

part of the mantle and to the crustal effects of the 

stretching process. The mechanism of stretching 

is indicated ï the rise of deep (mantle) material, 

accompanied by its lateral spreading. 

In the next monograph by N.A. Logatchev, 

the concept of ñrift zoneò was based, first of all, 

on the structural-geomorphological meaning of 

ña large strip-like uplift of the earth's surface, 

accompanied by one or several parallel gra-

bensò (Logatchev, 1977; p. 8). The presence of 

grabens emphasized the structural effect of crus-

tal stretching. In this definition, volcanism was 

not considered an essential feature of a rift zone, 

although the idea of dividing rift zones into 

dome-volcanic and weakly volcanic was advo-

cated. 

In studies of continental rifting, there was ex-

perience in identifying the Kenyan, Ethiopian, 

and Western rift branches (rift zones) within the 

East African region. Using these structures as an 

example, the definition of the concept of a ñrift 

systemò was introduced as a set of ña number of 

closely interconnected rift zones of similar or dif-

ferent types that are approximately the same age 

in space.ò It was emphasized that ñthis term can 

be applied to any combination of rift zones, re-

gardless of their size, complexity and pattern, but 

is mainly used in relation to those combinations 

that are characterized by the presence of differ-

ently oriented rift zones, a tree-like pattern or the 

presence of several semi-isolated branches, a 

general contour that is not striped but close to 

isometricò (Milanovsky, 1976; p. 11). As we can 

see, the concept of a ñrift systemò assumes two 

or more of its constituent structural elements (rift 

zones) as an essential feature. 

In the evolution of ideas about rifting in the 

continental lithosphere, an important role was 

played by works on volcanism. In geodynamics 

as a science that aroused in the 1970s, a crucial 

place, along with the tectonic concept of litho-

spheric plates, was devoted to the concept of lith-

ospheric and sub-lithospheric melting anomalies 

that was a result of a long discussion on the 

origin of intraplate magmatism. In the south of 

Siberia, rift basins and rift -related volcanism in 
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Central Mongolia, Eastern Sayan, and Western 

Transbaikal extended far beyond the structural-

geomorphological boundaries of the Baikal Rift 

Zone, therefore, in a broader sense, in such an 

expanded context, the rift structures of Southern 

Siberia were considered within the framework of 

the Baikal Rift System (Rasskazov, 1993). 

A comprehensive understanding of continen-

tal rifts was provided in the thematic monograph 

published in the mid-1990s. ñRifts are now gen-

erally accepted to be extensional features, alt-

hough they may be associated with earlier, con-

temporaneous, or later compression. Morpho-

logically, they are well defined as elongate 

depressions bounded by normal faults. However, 

the common association of rifts with volcanism, 

high heat flow, anomalous crust and upper man-

tle structure, and seismicity provides compelling 

evidence that rifts are not confined to upper 

crustal levels, but that they are linked to dynamic 

processes in the lithosphere and asthenosphereò 

(Olsen, Morgan, 1995; p. 3). This definition 

shows progress in understanding different roles 

of the crust, lithosphere, and asthenosphere in 

rifting development. 

Historical remarks on the discovery of 
the Baikal Rift Zone 

The history of geological studies of the Tunka 

Valley spans several centuries. After numerous 

episodic visits by famous and lesser-known trav-

elers, a major breakthrough in understanding the 

structure of the Tunka Basin and the Elovka Spur 

occurred in 1952, when during the summer field 

season N.A. Florensov organized geological 

mapping of the area at a scale of 1:100,000. N. 

Logatchev, a 1952 graduate from the Geological 

Faculty of Irkutsk State University, was involved 

in this work. It was he, who subsequently devel-

oped and substantiated a stratigraphic scheme for 

sedimentary deposits in basins of the Baikal rift 

zone and provided a basic summary of data on 

highlands of the Baikal and Transbaikal regions 

(Logatchev, 1958, 1974). The advancement of 

knowledge about the geology of the area was 

greatly facilitated by drilling of deep wells in the 

1950s that revealed more than 2000 m of sedi-

mentary-volcanogenic filling of the Tunka Ba-

sin. Results of the initial systematic study of the 

Tunka Valley were generally confirmed through 

special work on Cenozoic basalts that was ac-

companied by KïAr dating of volcanic units 

(Rasskazov, 1993). 

A clear understanding of the Tunka Valley 

structure was achieved by the mid-1970s mainly 

due to studies by N.A. Florensov and N.A. 

Logatchev, who brought it to the international 

level as a classic object of Cenozoic continental 

rifting. In 1975, the international symposium on 

rifting problems with a geological excursion to 

the Tunka Valley was organized in Irkutsk (Ge-

ological excursionsé, 1975). Subsequently, the 

Tunka Valley was visited by participants of other 

international and Russian conferences 

(Logatchev et al., 1981, 1984; Logatchev, 1987; 

Rasskazov et al., 2010; Levitsky et al., 2021). 

Educational field trainings of students of the 

ISU geological faculty have been held in the 

Tunka Valley for many years. In 2011, the 

Vyshka resort, organized on deep wells that 

yielded thermal waters, hosted the International 

Scientific and Practical Conference "Tunka Na-

tional Park - 20 years", at which materials were 

presented on the geology of the Tunka Valley as 

a diverse excursion area for both knowlegeble 

geologists and young people who have not yet 

entered the geological profession ï students and 

schoolchildren (Rasskazov et al., 2011). 

The aim of this paper is to present a concise 

geological overview of the Tunka Valley and ad-

jacent South Baikal Basin, accessible to visitors 

who have come into contact with rifting pro-

cesses for the first time. For initial acquaintance 

with rifting processes in this review, highlighted 

are pre-Cenozoic basement and rift structures, 

results of studies of sedimentary and volcanic 

rocks, mineral waters, and also dangerous geo-

logical phenomena ï earthquakes and mudflows. 

The Baikal Rift System ï a classic 
extensional continental structure of the 
Earth 

Under the conditions of gravity dominance, 

the upper shell of the Earth ï the Earth's crust ï 

is affected by all-round compression. However, 

not only compression structures, but also exten-

sion ones are widespread on the Earth's surface. 

Extension is concentrated in both continental rift 

systems and oceanic spreading belts (Fig. 1). 
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Fig. 1. Distribution of Cenozoic continental rift zones, systems, and oceanic spreading belts of the Earth 

(Milanovsky, 1999). 1 ï intraoceanic spreading belts; 2 ï West Pacific marginal oceanic spreading belt; 

3 ï active axial zones of spreading belts and transform faults intersecting them; 4 ï extinct axial zones 

of spreading belts; 5 ï continental rift zones and systems; 6 ï stable cores of continents ï old platforms; 

7 ï mobile belts within continents and their margins; 8 ï areas of the ocean floor outside the Cenozoic 

spreading belts mainly with Mesozoic oceanic-type crust. 

ʈʠʩ. 1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʘʡʥʦʟʦʡʩʢʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚʳʭ ʟʦʥ, ʩʠʩʪʝʤ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ 

ʩʧʨʝʜʠʥʛʦʚʳʭ ʧʦʷʩʦʚ ɿʝʤʣʠ (ʄʠʣʘʥʦʚʩʢʠʡ, 1999). 1 ï ʚʥʫʪʨʠʦʢʝʘʥʠʯʝʩʢʠʝ ʩʧʨʝʜʠʥʛʦʚʳʝ ʧʦʷʩʘ; 

2 ï ɿʘʧʘʜʥʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʦʢʨʘʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʡ ʩʧʨʝʜʠʥʛʦʚʳʡ ʧʦʷʩ; 3 ï ʘʢʪʠʚʥʳʝ ʦʩʝʚʳʝ 

ʟʦʥʳ ʩʧʨʝʜʠʥʛʦʚʳʭ ʧʦʷʩʦʚ ʠ ʧʝʨʝʩʝʢʘʶʱʠʝ ʠʭ ʪʨʘʥʩʬʦʨʤʥʳʝ ʨʘʟʣʦʤʳ; 4 ï ʦʪʤʝʨʰʠʝ ʦʩʝʚʳʝ 

ʟʦʥʳ ʩʧʨʝʜʠʥʛʦʚʳʭ ʧʦʷʩʦʚ; 5 ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʠʬʪʦʚʳʝ ʟʦʥʳ ʠ ʩʠʩʪʝʤʳ; 6 ï ʩʪʘʙʠʣʴʥʳʝ ʷʜʨʘ 

ʢʦʥʪʠʥʝʥʪʦʚ ï ʜʨʝʚʥʠʝ ʧʣʘʪʬʦʨʤʳ; 7 ï ʧʦʜʚʠʞʥʳʝ ʧʦʷʩʘ ʚ ʧʨʝʜʝʣʘʭ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʠʭ ʦʢʨʘʠʥ; 8 

ï ʦʙʣʘʩʪʠ ʜʥʘ ʦʢʝʘʥʦʚ ʚʥʝ ʢʘʡʥʦʟʦʡʩʢʠʭ ʩʧʨʝʜʠʥʛʦʚʳʭ ʧʦʷʩʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʤʝʟʦʟʦʡʩʢʦʡ 

ʢʦʨʦʡ ʦʢʝʘʥʩʢʦʛʦ ʪʠʧʘ. 

The Baikal Rift System is situated in the inner 

part of Eurasia, far from structures of the world 

oceanic spreading belts, unlike, for example, the 

Cenozoic continental rift system of Northeast 

Africa connected with the oceanic rifts. In this 

regard, the origin of the Baikal Rift System raises 

many questions. Are there any similarities be-

tween rifting processes developmed in the Baikal 

Rift System and worldwide? What kind of spe-

cific deep and shallow processes in the mantle 

and crust accompanied the development of the 

Baikal Rift System? Do similar processes de-

velop in other regions of Asia? Answers to these 

and other questions are ambiguous, so far. The 

only way to find the truth is to study the entire 

Baikal Rift System and its constituent elements. 

Geological background: pre-Cenozoic 
basement in the Tunka Valley and Lake 
Baikal coast 

Suture ï tectonic division between large 

blocks (terranes) of the earth's crust. 

Tectonic terrane ï a crustal block, bordered 

by faults from neighbor blocks, that show differ-

ent origin. 

Cataclasite ï finely crushed rock in a fault 

zone. 

Mylonite ï a rock, transformed into flour due 

to tectonic motions in a fault zone. In mylonites, 

structural and textural features of the original ig-

neous or sedimentary rocks are completely de-

stroyed. 
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Pseudotachylyte ï a black rock, in hand spec-

imen similar to volcanic glass, but not being it. It 

is formed as a vein during a powerful tectonic 

motion in a fault zone that is accompanied by 

heat generation by friction and by mobilization 

of fluids with their concentration in opening 

cracks. 

Pre-Cenozoic basement 

North Baikal and South Baikal Basins of Lake 

Baikal inherit the suture zone separating the 

early Precambrian basement of the Siberian 

paleocontinent from younger accreted terranes 

(Figs. 2, 3). Pre-Cenozoic basement of the Sibe-

rian paleocontinent margin shows the Sharyzhal-

gai uplift of the Archean block extended 

norrtwest-southeast over 300 km (Fig. 3b). 

 

Fig. 2. Structural setting of the Late Cenozoic Baikal Rift System in the pre-Cenozoic basement. Pale-

omicrocontinents: TM ï TuvaïMongolian, BM ï BaikalïMuya. Terranes: Dzh ï Dzhida, Tn ï Tunka, 

Khm ï Khamsara, Er ï Eravna, Ik ï Ikat, Br ï Barguzin, Ol ï Olkhon, Khd ï KhamarïDaban, Ok ï 

Olokit, Am ï Amalat (unclear origin), WS ï West Stanovoy. The tectonic units of the basement are 

shown mostly after (Belichenko et al., 2006a,b), the late Cenozoic ones after (Logatchev, 1977; Ras-

skazov, 1996). 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʡ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʜʦʢʘʡʥʦ-

ʟʦʡʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ. ʇʘʣʝʦʤʠʢʨʦʢʦʥʪʠʥʝʥʪʳ: ʊʄ ï ʊʫʚʠʥʦïʄʦʥʛʦʣʴʩʢʠʡ, BM ï ɹʘʡʢʘʣʦ-ʄʫʡ-

ʩʢʠʡ. ʊʝʨʨʝʡʥʳ: Dzh ï ɼʞʠʜʠʥʩʢʠʡ, Tn ï ʊʫʥʢʠʥʩʢʠʡ, Khm ï Khamsara, Er ï ɽʨʘʚʥʠʥʩʢʠʡ, Ik ï 

ʀʢʘʪʩʢʠʡ, Br ï ɹʘʨʛʫʟʠʥʩʢʠʡ, Ol ï ʆʣʴʭʦʥʩʢʠʡ, Khd ï ʍʘʤʘʨ-ɼʘʙʘʥʩʢʠʡ, Ok ï ʆʣʦʢʠʪʩʢʠʡ, Am 

ï ɸʤʘʣʘʪʩʢʠʡ, WS ï ɿʘʧʘʜʥʦ-ʉʪʘʥʦʚʦʡ. ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʝʜʠʥʠʮʳ ʬʫʥʜʘʤʝʥʪʘ ʧʦʢʘʟʘʥʳ ʚ ʦʩʥʦʚ-

ʥʦʤ ʧʦ ʨʘʙʦʪʘʤ (ɹʝʣʠʯʝʥʢʦ ʠ ʜʨ., 2006a,b), ʧʦʟʜʥʝʛʦ ʢʘʡʥʦʟʦʷ ï ʧʦ ʨʘʙʦʪʘʤ (ʃʦʛʘʯʝʚ, 1977; ʈʘʩ-

ʩʢʘʟʦʚ, 1996). 
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Fig. 3. Schematic geological map of the Lake Baikal coast and adjacent Tunka Valley modified after 

(Grudinin, Chuvashova, 2011) (a) and structural-geological scheme of the Sharyzhalgay uplift of the 

Siberian paleocontinent basement (Melnikov, 2011). In panal b: 1 ï platform cover; 2ï4 ï Early Pre-

cambrian rocks of the Sharyzhalgay complex: 2 ï Targazoi series, 3 ï Kitoi series, 4 ï Zhidoi series; 5 

ï Upper Archean Onot greenstone belt; 6 ï Late Proterozoic rocks of fault grabens; 7ï9 ï marker hori-

zons: 7 ï garnet-bearing gneisses, 8 ï crystalline schists and amphibolites, 9 ï carbonate rocks; 10 ï 

granitoids of the Sayan complex; 11 ï Main Sayan fault; 12 ï large interblock faults; 13 ï undifferenti-

ated faults; 14 ï thrusts; 15 ï strike of banding. The blocks are marked with Roman numerals: I ï Irkut, 
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II ï Zhidoy, III ï Kitoi, IV ï Bulun. The numbers in circles are the faults: 1 ï Main Sayan, 2 ï Zazar, 3 

ï Dabad, 4 ï Alagnino-Kholomkhinsk, 5 ï Onot, 6 ï Alar, 7 ï Tochera. 

ʈʠʩ. 3. ʉʭʝʤʘʪʠʯʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ ʠ ʩʦʧʨʝʜʝʣʴʥʦʡ ʊʫʥʢʠʥʩʢʦʡ ʜʦ-

ʣʠʥʳ. ʀʟ ʢʥʠʛʠ (ɻʨʫʜʠʥʠʥ, ʏʫʚʘʰʦʚʘ, 2011) ʩ ʠʟʤʝʥʝʥʠʷʤʠ (a) ʠ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʐʘʨʳʞʘʣʛʘʡʩʢʦʛʦ ʚʳʩʪʫʧʘ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ (ʄʝʣʴʥʠʢʦʚ, 2011). 

ʅʘ ʧʘʥʝʣʠ b: 1 ï ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʯʝʭʦʣ; 2ï4 ï ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʝ ʧʦʨʦʜʳ ʐʘʨʳʞʘʣʛʘʡʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ: 2 ï ʪʘʨʛʘʟʦʡʩʢʘʷ ʩʝʨʠʷ, 3 ï ʢʠʪʦʡʩʢʘʷ ʩʝʨʠʷ, 4 ï ʞʠʜʦʡʩʢʘʷ ʩʝʨʠʷ; 5 ï ʚʝʨʭʥʝʘʨʭʝʡ-

ʩʢʠʡ ʆʥʦʪʩʢʠʡ ʟʝʣʝʥʦʢʘʤʝʥʥʳʡ ʧʦʷʩ; 6 ï ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ ʧʨʠʨʘʟʣʦʤʥʳʭ ʛʨʘʙʝ-

ʥʦʚ; 7ï9 ï ʤʘʨʢʠʨʫʶʱʠʝ ʛʦʨʠʟʦʥʪʳ: 7 ï ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʝ ʛʥʝʡʩʳ, 8 ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ 

ʠ ʘʤʬʠʙʦʣʠʪʳ, 9 ï ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ; 10 ï ʛʨʘʥʠʪʦʠʜʳ ʉʘʷʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 11 ï ɻʣʘʚʥʳʡ 

ʉʘʷʥʩʢʠʡ ʨʘʟʣʦʤ; 12 ï ʢʨʫʧʥʳʝ ʤʝʞʙʣʦʢʦʚʳʝ ʨʘʟʣʦʤʳ; 13 ï ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʨʘʟʣʦʤʳ; 

14 ï ʥʘʜʚʠʛʠ; 15 ï ʧʨʦʩʪʠʨʘʥʠʝ ʧʦʣʦʩʯʘʪʦʩʪʠ. ʈʠʤʩʢʠʤʠ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʙʣʦʢʠ: I ï ʀʨʢʫʪ-

ʥʳʡ, II ï ɾʠʜʦʡʩʢʠʡ, III ï ʂʠʪʘʡʩʢʠʡ, IV ï ɹʫʣʫʥʩʢʠʡ. ʎʠʬʨʳ ʚ ʢʨʫʞʢʘʭ ï ʨʘʟʣʦʤʳ: 1 ï ɻʣʘʚʥʳʡ 

ʉʘʷʥʩʢʠʡ, 2 ï ɿʘʟʘʨʩʢʠʡ, 3 ï ɼʘʙʘʜʩʢʠʡ, 4 ï ɸʣʘʛʥʠʥʦ-ʍʦʣʦʤʭʠʥʩʢʠʡ, 5 ï ʆʥʦʪʩʢʠʡ, 6 ï ɸʣʘʨ-

ʩʢʠʡ, 7 ï ʊʦʯʝʨʩʢʠʡ. 

Pre-Cenozoic basement of the Tunka Valley 

is composed of sedimentary, igneous, and meta-

morphic rocks. The Vendian-Cambrian sedi-

mentary rocks, located in the northeastern part of 

the area, belong to the cover of the Tuva-Mon-

golian microcontinent, the Riphean basement of 

which includes early Precambrian blocks (Gar-

gan and others). The sedimentary-volcanogenic 

rock complexes of the remaining area belong to 

the Khamar-Daban terrane, which accreted to the 

basement of the Siberian continent and the Tuva-

Mongolian microcontinent in the early Paleo-

zoic. As a result of the interaction between geo-

logical blocks, their boundary parts experienced 

zonal (from granulite to greenschist) metamor-

phism. Igneous rocks are represented by large 

Paleozoic granitoid massifs (Fig. 4). 

The age of zonal metamorphism (ca. 488 Ma) 

was determined by dating syncollisional granites 

using the UïPb zircon method (Kotov et al., 

1997; Salônikova et al., 1998). For post-meta-

morphic gabbro-syenite massifs, RbïSr and Uï

Pb dates of about 471 Ma (Grudinin et al., 2004) 

and for phlogopite veins, younger PbïPb and 

ArïAr dates of about 460 Ma were obtained 

(Ivanenko et al., 1990; Reznitsky et al., 1998). 

Stitching complexes are: for the Hamar-Daban 

terrane, granites dated at 469Ñ2 Ma (the Hamar-

Daban complex); for the junction area between 

the Tuva-Mongolian microcontinent, the Hamar-

Daban and Tunka terranes, granites dated at 

481Ñ2 Ma (the Munkusardyk complex); for the 

Dzhida terrane, granitoids dated at 489Ñ2 Ma 

(Belichenko et al., 2006a,b; Barash et al., 2006) 

(Table 1). 

Deep-seated inclusions in volcanic rocks ï 
fragments of rocks from deep layers of the lith-
osphere, captured by magma and brought to 

the surface 

Inclusions from volcanic rocks of the Tunka 

Valley exhibit deep-seated rocks extracted from 

layers of the earth's crust and underlying mantle 

by rising alkaline-basaltic magmas as they move 

toward the earth's surface. These characterize the 

transition from the mantle to the crust in the 

Slyudyanka metamorphic sub-terrane of the 

Khamar-Daban terrane. 

The deep-seated inclusions are found in bas-

alts of four sites located across the Tunka Valley 

strike: 1) in Khamar-Daban (Kozya Sheika be-

tween the Margasan and Zun-Murin Rivers), 2) 

in the south-eastern part of the Tunka Basin 

(northern side of the Irkut River), 3) in its north-

eastern part (Khobok River), and 4) on the Tunka 

Range. The depths of extracted deep material 

consistently increase from north to south from 

the main relief-forming (master) fault that limits 

the Tunka Valley from the north, to Khamar-

Daban Range (Rasskazov et al., 2010). In the 

Tunka Range, however, new location of spinel 

peridotites was found to north-east of the Arshan 

resort. These deep-seated rocks are composition-

ally similar to those from the Koziya Sheika lo-

cality on the opposite (southern) side of the 

Tunka Valley. 
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Fig. 4. Schematic geological map of the Tunka Valley and adjacent areas. The Slyudyanka terrane, 

affected by metamorphism under conditions of granulite facies, is traced by deep-seated inclusions from 

Lake Baikal to site 3 (Khobok) in the northern part of the Tunka Basin. Green fassaite clinopyroxenites 

occur in sites 1 and 2 (Kozya Sheika and Irkut) and, in site 4 (Bukhota) ï shallow amphibole-bearing 

rocks, in sites 5 (Arshan), 6 (Sukhaya), and 7 (Karerny) ï mainly green spinel peridotites. Metamorphic 

isograds are shown after (Shafeev, 1970). 

ʈʠʩ. 4. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʊʝʨʨʝʡʥ ʧʦʨʦʜ ʩʣʶʜʷʥʩʢʦʡ ʩʝʨʠʠ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ, ʧʨʦʩʣʝ-

ʞʠʚʘʝʪʩʷ ʧʦ ʛʣʫʙʠʥʥʳʤ ʚʢʣʶʯʝʥʠʷʤ ʦʪ ʦʟ. ɹʘʡʢʘʣ ʜʦ ʪʦʯʢʠ 3 (ʍʦʙʦʢ) ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥ-

ʩʢʦʡ ʚʧʘʜʠʥʳ. ɺ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ 1 (ʂʦʟʴʷ ʐʝʡʢʘ) ʠ 2 (ʀʨʢʫʪ) ʥʘʭʦʜʷʪʩʷ ʟʝʣʝʥʳʝ (ʬʘʩʩʘʠʪʦ-

ʚʳʝ) ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ, ʚ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ 4 (ɹʫʭʦʪʘ) ï ʤʘʣʦʛʣʫʙʠʥʥʳʝ ʘʤʬʠʙʦʣ-ʩʦʜʝʨʞʘʱʠʝ 

ʧʦʨʦʜʳ, ʚ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ 5 (Arshan), 6 (ʉʫʭʘʷ) ʠ 7 (ʂʘʨʴʝʨʥʳʡ) ï ʚ ʦʩʥʦʚʥʦʤ ʟʝʣʝʥʳʝ ʰʧʠ-

ʥʝʣʝʚʳʝ ʧʝʨʠʜʦʪʠʪʳ. ʀʟʦʛʨʘʜʳ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠʟ ʨʘʙʦʪʳ (ʐʘʬʝʝʚ, 1970). 

T a b l e  1 

Age intervals of geological events to the west of Lake Baikal (eastern part of the Tunka Valley) 

ʊ ʘ ʙʣʠʮʘ  1 

ɺʦʟʨʘʩʪʥʳʝ ʠʥʪʝʨʚʘʣʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʛʦ ʇʨʠʙʘʡʢʘʣʴʷ (ʚʦʩʪʦʯ-

ʥʘʷ ʯʘʩʪʴ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ) 

Event Age, Ma Data source 
Before metamorphism of the Slyudyanka Crystal 
Complex: accumulation of sedimentary rocks (zir-
cons with a relatively young age) 

800ï
780, 
690ï490 

Kovach et al., 2013 
Shkolnik et al., 2016 

Peak of granulite metamorphism: syn-metamorphic 
granite magmatism 

488ï481 
Kotov et al., 1997; 
Salônikova et al., 1998 

Post-metamorphic magmatism: gabbro-syenite mas-
sifs, phlogopite veins 

471ï450 
Grudinin et al., 2004; Salônikova et al., 1998; 
Ivanenko et al., 1990; Reznitsky., 1998 

Late Paleozoic reactivation: potassic migmatization 
of the Khangarul series 

310 Savelyeva et al., 2012 

Late Cenozoic rifting: basalts, sedimentary racks of 
rift basins 

18ï12 Rasskazov et al., 2003 

Inversion of tectonic motions in the eastern part of 
the Tunka Valley: cessation of volcanism, uplift of 
the area, formation of thrusts 

<12 Rasskazov et al., 2013, 2021a 
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In the eastern end of the Tunka Valley, among 

deep-seated inclusions from tephrites of the By-

straya quarry (Levitsky et al., 2021), green spinel 

harzburgites, composed of yellowish-green oli-

vine, bottle-green enstatite, and black spinel, are 

dominated (Fig. 5). Emerald-green Cr-diopside 

is rear. The rocks captured and removed from the 

crustal layer are black and gray, composed of au-

gite and plagioclase (Ailow et al., 2021). 

 
Fig. 5. Tephrite from the Bystraya quarry with 

deep-seated xenoliths of rocks (harzburgites) 

extracted from the crustïmantle transition 

zone. 

ʈʠʩ. 5. ʊʝʬʨʠʪ ɹʳʩʪʨʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ ʩ ʛʣʫ-

ʙʠʥʥʳʤʠ ʢʩʝʥʦʣʠʪʘʤʠ ʧʦʨʦʜ (ʛʘʨʮʙʫʨʛʠ-

ʪʦʚ), ʦʪʪʦʨʞʝʥʥʳʭ ʦʪ ʟʦʥʳ ʢʦʨʦʤʘʥʪʠʡ-

ʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

Metamorphic rocks of crystalline basement in 
the Siberian paleocontinent 

Metamorphic rocks (gneisses, amphibolites) 

of the old (Archean) crystalline basement of the 

Siberian paleocontinent are exposed on the Cir-

cum-Baikal Railway. Near the Kultuk village, 

gneisses with a pronounced gneiss texture are 

composed of biotite, amphibole, feldspar and 

quartz. These rocks of metamorphic origin were 

affected by pressures of up to 9 kbar and temper-

atures of up to 800 ÁC in the presence of fluids (a 

mixture of liquids and gases). The metamorphic 

rocks belong to the basement of the Siberian 

paleocontinent, for which detrital zircons have 

been dated to 3.6 billion years, and a model age 

of 3.82 billion years is calculated for the ore 

leads, corresponding to the last heavy cosmic 

bombardment of the Earth. 

Metamorphic rocks of the Slyudyanka sub-ter-
rane 

The Slyudyanka block (metamorphic sub-ter-

rane of the Khamar-Daban terrane) is composed 

of relatively young primary sedimentary rocks 

(sandstones, limestones) and igneous rocks (bas-

alts, andesites) that accumulated up to 640 Ma 

and underwent metamorphic transformations in 

the presence of fluids (gas-liquid formations) at 

high temperatures (up to 900 ÁC) and pressures 

(up to 9 kbar). As a result, metamorphic rocks 

were formed: gneisses, marbles, granulites. The 

Slyudyanka block contains deposits of phlogo-

pite, wollastonite, apatite, lazurite, and other 

gemstones. More than 200 rare minerals were 

found in the Pereval quarry area. 

Mylonites and pseudotachylytes of the Main 
Sayan Fault ï suture between basement of the 
Siberian paleocontinent and Slyudyanka sub-

terrane 

The Main Sayan Fault separates the metamor-

phic rocks of the basement of the Siberian 

paleocontinent from those of the Slyudyanka 

sub-terrane. The fault extends from the shore of 

Lake Baikal in a west-northwest direction over 

1000 km. The width of the fault zone is from 1 

to 10 km. In the area of the Kultuk village, the 

mylonites of the Main Sayan Fault, developed 

along silicate rocks, are bluish-gray schists (Fig. 

6a). The strong motions were accompanied by 

the release of heat due to friction and melting of 

the material in the fault zone. These mylonites 

contain veins of pseudotachylytes, primarily ig-

neous rocks that crystallized from syn-tectonic 

melts of basic, intermediate, and acidic compo-

sition (Rasskazov et al., 2021a) (Fig. 6b). 
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Fig. 6. Young geologists observe mylonites of the Main Sayan Fault that include veins of pseudotachy-

lytes (a) and pseudotachylyte vein of intermediate composition in this outcrop (b). The rocks of the zone 

have a silicate composition and include fragments enriched in carbonate (Rasskazov et al., 2021a). 

ʈʠʩ. 6. ʄʦʣʦʜʳʝ ʛʝʦʣʦʛʠ ʧʨʦʚʦʜʷʪ ʥʘʙʣʶʜʝʥʠʷ ʤʠʣʦʥʠʪʦʚ ɻʣʘʚʥʦʛʦ ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʚʢʣʶ-

ʯʘʶʱʠʭ ʞʠʣʳ ʧʩʝʚʜʦʪʘʭʠʣʠʪʦʚ (a) ʠ ʧʩʝʚʜʦʪʘʭʠʣʠʪʦʚʘʷ ʞʠʣʘ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʚ ʵʪʦʤ ʦʙʥʘʞʝ-

ʥʠʠ. ʇʦʨʦʜʳ ʟʦʥʳ ʠʤʝʶʪ ʩʠʣʠʢʘʪʥʳʡ ʩʦʩʪʘʚ, ʘ ʤʝʩʪʘʤʠ ʚʢʣʶʯʘʶʪ ʬʨʘʛʤʝʥʪʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʢʘʨ-

ʙʦʥʘʪʦʤ (Rasskazov et al., 2021a). 

Cataclasites and mylonites of the Tunka Fault 

The Tunka fault separates the Tunka Range 

from the basins and inter-basin isthmuses of the 

Tunka Valley. This fault breaks up into a series 

of steps descending from the top of the Tunka 

Range to the bottom of the valley and partially 

covered by its sedimentary deposits. In one of 

these fragments, exposed in the Arshan resort 

area, mylonites of the Tunka fault were formed 

in marbles (Fig. 7). Marble is a less resistant rock 

than silicate gneiss or sandstone, so there are no 

signs of melting of marbles due to tectonic mo-

tions. In addition, the amplitudes of displace-

ments along the dispersed fragments of the 

Tunka fault were less significant than along the 

Main Sayan fault. 
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Fig. 7. Cataclasites and mylonites in marbles of the Tunka fault. 

ʈʠʩ. 7. ʂʘʪʘʢʣʘʟʠʪʳ ʠ ʤʠʣʦʥʠʪʳ ʚ ʤʨʘʤʦʨʘʭ ʊʫʥʢʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ. 

Summary 

The basins of Lake Baikal were formed along 

the suture zone separating the Early Precambrian 

basement of the Siberian paleocontinent from 

younger accreted terranes. The land fragment of 

the suture zone (the Main Sayan Fault) and its 

lacustrine continuation separate the Siberian 

paleocontinent from the Khamar-Daban Terrane 

and the Tuva-Mongolian microcontinent. This 

suture is characterized by significant movements 

in a strip up to 10 km wide. 

The basins of the Tunka Valley inherited the 

interaction zone of the Khamar-Daban terrane 

and the Tuva-Mongolian microcontinent. This 

boundary is less distinct than the suture zone of 

the Siberian paleocontinent. The main relief-

forming (master) fault of the Tunka Valley does 

not have a clearly expressed inheritance from 

any fault of the pre-Cenozoic basement and is 

represented by a dispersed series of low-ampli-

tude normal faults sometimes with lateral com-

ponent. 

The Tunka Valley ï a fragment of the 
Baikal Rift System 

The Tunka Valley is located in the western 

part of the Baikal Rift System (Fig. 8a). It exhib-

its a chain of basins (from east to west): By-

straya, Tory, Tunka, Turan, Khoytogol, and 

Mondy (Fig. 8b). The basins are separated from 

each otherôs by uplifts-isthmuses. The largest 

Tunka Basin (30Ĭ60 km) is separated from the 

Tory one by the Elovka spur and from the Turan, 

Khoytogol Basins by the Nilovka spur. 
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Fig. 8. The Baikal Rift System (BRS) (a) and Tunka Valley (b). The BRS includes axial basins and 

uplifts of the Baikal Rift Zone. The Basins: BS ï Bystraya, TR ï Tory, TN ï Tunka, TU ï Turan, KH ï 

Khoytogol, MN ï Mondy. 

ʈʠʩ. 8. ɹʘʡʢʘʣʴʩʢʘʷ ʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ (a) ʠ ʊʫʥʢʠʥʩʢʘʷ ʜʦʣʠʥʘ (b). ɹʘʡʢʘʣʴʩʢʘʷ ʨʠʬʪʦʚʘʷ ʩʠ-

ʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʦʩʝʚʳʝ ʚʧʘʜʠʥʳ ʠ ʧʦʜʥʷʪʠʷ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ. ɺʧʘʜʠʥʳ: BS ï ɹʳʩʪ-

ʨʠʥʩʢʘʷ, TR ï ʊʦʨʩʢʘʷ, TN ï ʊʫʥʢʠʥʩʢʘʷ, TU ï ʊʫʨʘʥʩʢʘʷ, KH ï ʍʦʡʪʦʛʦʣʴʩʢʘʷ, MN ï ʄʦʥʜʠʥ-

ʩʢʘʷ. 

Sequences of sedimentary and volcanic rocks 

Stratigraphy is a section of geology that deals 

with sequences of sedimentary rocks. For sedi-

mentary and volcanogenic layers, a relative geo-

logical age is determined, strata are subdivided 

into stratigraphic units (series, suites, horizons), 

and their age correlation is performed. 

The chronostratigraphic scale is a geological 

time scale that includes the Archean, Protero-

zoic, Paleozoic, Mesozoic, and Cenozoic eras, 

built on paleontological data. In 2012, at the ge-

ological congress in Australia, many 
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paleontologically verified boundaries were dated 

by radioisotope methods, so the geochronologi-

cal scale got the name ñchronostratigraphicò. 

The Cenozoic is the era of new life on Earth 

that began after the great extinction 65.5 Ma that 

caused by a fall of a large cosmic body marked 

the Chuksulub crater. The Cenozoic is subdi-

vided into the Paleogene, Neogene, and Quater-

nary with time boundaries of 23 Ma and 2.588 

Ma, respectively. The Paleogene is subdivided 

into the Paleocene, Eocene, and Oligocene with 

time boundaries of 56 and 33.9 Ma, respectively. 

The Neogene is subdivided into the Miocene and 

Pliocene with the boundary of 5.3 Ma. The Qua-

ternary is subdivided into the Pleistocene and 

Holocene with a boundary of 11.8 thousand 

years ago. 

A suite is a basic unit of local stratigraphic 

subdivisions, a set of rock layers united by a 

common lithological composition and a presence 

of common fossil organic remains. 

Magma is a three-component melt that con-

sists of liquid, solid crystals, and volatile compo-

nents, in both dissolved and gas-bubble forms. 

Volcanism is external displaying of magma-

tism on the Earth that exhibits all phenomena as-

sociated with release of magma on the earth's 

surface. Volcano is any outlet of magma on the 

earth's surface. Volcanology is science that stud-

ies volcanoes. 

Active volcano exhibits any form of ongoing 

activity, such as an eruption of lava, a gas release 

or seismicity. 

Dormant volcano erupted in historical times 

(there is evidence from people in form of mili-

tary reports, ancient manuscripts). There is a pos-

sibility of a future eruption of the volcano. 

Extinct volcano is unlikely to ever erupt 

again. Extinct volcanoes exist as remnants of 

volcanic conduits or spatially associated lava 

flows. 

In the Tunka Basin and adjacent part of the 

Elovka Spur, volcanic intervals obtained through 

KïAr dating are 1) 16ï8 Ma (Middle and Upper 

Miocene), 2) 4.0ï2.4 Ma (Pliocene), and 3) 1.7ï

0.8 Ma (Pleistocene) (Figs 8a,b). Age estimates 

of lava beds in the borehole, given in Fig. 9, are 

proposed from dating of basalts in outcrops and 

the KïAr age of ca. 1.6 Ma obtained for volca-

noes crowning the sequence, recorded by the 

deep borehole P-2 in 1956. In the southern part 

of the Tunka Basin, the Zhemchug borehole also 

showed an Oligocene sedimentary sequence, 

dated by the spore-pollen complex (Mazilov et 

al., 1993). 
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Fig. 9. Distribution of basalts of different ages in the Tunka Basin and on the Elovka Spur (a) and 

distribution of basalts in the volcano-sedimentary filling of the northeastern part of the Tunka Basin 

(well 2-ʆ) (b). Panel (a): 1 ï Quaternary deposits; 2 ï Pliocene-Quaternary basalts; 3 ï Neogene sedi-

mentary deposits; 4 ï Miocene basalts: lower (a) and upper (ʙ) strata; 5 ï rocks of the crystalline base-

ment; 6 ï normal-strike-slip scarp of the Tunka Range (dashes indicate the direction of movement of 

the fault wings). The numbers in circles in the inset indicate dry valley basins: 1 ï Mondy, 2 ï Khoyto-

gol, 3 ï Turan, 4 ï Tunka, 5 ï Tory, 6 ï Bystraya. The well was drilled 7 km south of the Arshan spar 

(open file report by A.S. Povyshev, 1956). 

ʈʠʩ. 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʙʘʟʘʣʴʪʦʚ ʚ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʝ ʠ ʥʘ ɽʣʦʚʩʢʦʤ ʦʪʨʦʛʝ 

(a) ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʟʘʣʴʪʦʚ ʚ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʤ ʟʘʧʦʣʥʝʥʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʊʫʥʢʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʩʢʚʘʞʠʥʘ 2-ʆ) (b). 1 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ; 2 ï ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯ-

ʥʳʝ ʙʘʟʘʣʴʪʳ; 3 ï ʥʝʦʛʝʥʦʚʳʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ; 4 ï ʤʠʦʮʝʥʦʚʳʝ ʙʘʟʘʣʴʪʳ: ʥʠʞʥʷʷ (ʘ) ʠ 

ʚʝʨʭʥʷʷ (ʙ) ʪʦʣʱʠ; 5 ï ʧʦʨʦʜʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ; 6 ï ʩʙʨʦʩʦ-ʩʜʚʠʛʦʚʳʡ ʫʩʪʫʧ ʊʫʥ-

ʢʠʥʩʢʠʭ ʛʦʣʴʮʦʚ (ʰʪʨʠʭʠ ʫʢʘʟʳʚʘʶʪ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʢʨʳʣʴʝʚ ʨʘʟʣʦʤʘ). ʎʠʬʨʘʤʠ ʚ ʢʨʫʞ-

ʢʘʭ ʥʘ ʚʨʝʟʢʝ ʦʙʦʟʥʘʯʝʥʳ ʩʫʭʦʜʦʣʴʥʳʝ ʚʧʘʜʠʥʳ: 1 ï ʄʦʥʜʠʥʩʢʘʷ, 2 ï ʍʦʡʪʦʛʦʣʴʩʢʘʷ, 3 ï ʊʫʨʘʥ-

ʩʢʘʷ, 4 ï ʊʫʥʢʠʥʩʢʘʷ, 5 ï ʊʦʨʩʢʘʷ, 6 ï ɹʳʩʪʨʠʥʩʢʘʷ. ʉʢʚʘʞʠʥʘ ʧʨʦʡʜʝʥʘ ʚ 7 ʢʤ ʶʞʥʝʝ ʢʫʨʦʨʪʘ 

ɸʨʰʘʥ (ʦʪʯʝʪ ɸ.ʉ. ʇʦʚʳʰʝʚʘ 1956 ʛ.). 

The Miocene volcanic eruptions correspond 

to accumulation of the coal-bearing Tankhoi 

suite, the Pliocene and Early Pleistocene ones 

correspond to the Anosovka suite. In the Late 

Pleistocene and Holocene, volcanism stopped. In 

the Pliocene, the Tunka Ridge grew rapidly and 

was dissected by erosion. Coarse-grained mate-

rial was transported away from the ridge into the 

valley. A 200-meter coarse-grained layer of the 

Anosovka suite accumulated without basalt in-

terlayers. The Early Pleistocene volcanic 

eruptions in the Tunka Basin are separated from 

the Pliocene ones by a lull  in the time interval of 

2.4ï1.7 Ma. Early Pleistocene volcanism final-

ized about 0.9ï0.8 Ma due to a general change of 

the structural evolution in the central part of the 

Baikal Rift System ï the Tunka Valley and Lake 

Baikal basins. 

Some of the Pleistocene volcanic cones are 

located at the bottom of the Tunka Basin (Fig. 

10a). The highest of them, the Khara-Boldok 

volcano (Fig. 10b), is 120 m high. Volcanic 
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rocks are observed in outcrops: 1) on the Khurai-

Khobok volcano and 2) on the left bank of the 

Irkut River. 

The Khurai-Khobok volcano is located 7 km 

south of the village of Arshan, next to the Kul-

tuk-Arshan highway. A low (20ï25 m) cone of 

scoria and agglutinates of red, yellow, and black 

colors is exposed by quarries. The crater, which 

was used to extract scoria during construction, is 

one of the quarries (Fig. 10c). The scoria are cut 

by basalt dikes up to 1 m thick. The dikes extend 

from south to north. The age of the volcano is ca. 

1.6 Ma. Basalts have reverse polarity of the 

Matuyama chron (determinations of V.A. 

Kravchinsky). The slopes of the Khurai-Khobok 

volcano are covered with loess, forming a 

homogeneous layer and a heterogeneous layer 

containing inclusions of scoria. The homogene-

ous layers loesses exceed 3 meters in low places, 

the heterogeneous layer does not exceed 0.5 m 

(Fig. 10d). 

A fragment of the lava cover covering the 

slope of the Elovka spur is observed on the left 

bank of the Irkut River. A basalt layer of 2.4 Ma 

lays on sands. Black basalt, with thick-columnar 

jointing in the flow, contains inclusions of green 

clinopyroxenites (pyroxene ï fassaite) and meg-

acrysts of augite and plagioclase. The sand un-

derlying the lava flow is fine-medium grained, 

similar to the modern sand of the Irkut River. It 

is burnt by lava ï has a red color at the contact 

(Fig. 10e). 

 
 



ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2025. ʊ. 5, ˉ 3 

 

22 

 

 

 

 



ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ 

23 

 

 

Fig. 10. Scheme of Pleistocene volcanic edifices of the Tunka Basin (a), Khara-Boldok volcano (b), 

Pyroclastics (slags and agglutinates) of the Khurai-Khobok volcano, exposed by a quarry (c), young 

geologists on the loess cover of a slope on the Khurai-Khobok volcano (d), and ocherous burnt sand at 

the base of a basalt flow (e). In panel (a): 1 ï volcanic cone; 2 ï lavas; 3 ï settlement; 4 ï lateral bound-

aries of a local volcanic zone; 5 ï main road; 6 ï country road. The scheme was compiled by school-

children as part of the work of the Lazurit Children's Center of School No. 7 in the Kultuk village 

(Grudinin, Chuvashova, 2011). 

ʈʠʩ. 10. ʉʭʝʤʘ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ (a), ʚʫʣʢʘʥ ʍʘʨʘ-

ɹʦʣʜʦʢ (b), ʇʠʨʦʢʣʘʩʪʠʢʘ (ʰʣʘʢʠ ʠ ʘʛʛʣʶʪʠʥʘʪʳ) ʚʫʣʢʘʥʘ ʍʫʨʘʡ-ʍʦʙʦʢ, ʚʩʢʨʳʪʳʝ ʢʘʨʴʝʨʦʤ (ʩ), 

ʤʦʣʦʜʳʝ ʛʝʦʣʦʛʠ ʥʘ ʣʸʩʩʦʚʦʤ ʧʦʢʨʦʚʝ ʩʢʣʦʥʘ ʚʫʣʢʘʥʘ ʍʫʨʘʡ-ʍʦʙʦʢ (d) ʠ ʦʭʨʠʩʪʳʡ ʦʙʦʞʞʝʥʥʳʡ 

ʧʝʩʦʢ ʚ ʧʦʜʦʰʚʝ ʙʘʟʘʣʴʪʦʚʦʛʦ ʧʦʪʦʢʘ (e). ʅʘ ʧʘʥʝʣʠ (ʘ): 1 ï ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʥʫʩ; 2 ï ʣʘʚʳ; 3 ï 

ʩʝʣʝʥʠʝ; 4 ï ʣʘʪʝʨʘʣʴʥʳʝ ʛʨʘʥʠʮʳ ʣʦʢʘʣʴʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʳ; 5 ï ʜʦʨʦʛʘ ʛʣʘʚʥʘʷ; 6 ï ʜʦʨʦʛʘ 

ʧʨʦʩʝʣʦʯʥʘʷ. ʉʭʝʤʘ ʩʦʩʪʘʚʣʝʥʘ ʰʢʦʣʴʥʠʢʘʤʠ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ɼʝʪʩʢʦʛʦ ʮʝʥʪʨʘ çʃʘʟʫʨʠʪè 

ʰʢʦʣʳ ˉ 7 ʧ. ʂʫʣʪʫʢ (ɻʨʫʜʠʥʠʥ, ʏʫʚʘʰʦʚʘ, 2011). 

In addition to the volcanic rocks of the Tunka 

Basin, volcanic rocks are exposed in the By-

straya quarry, on the isthmus between the Tory 

and Bystraya Basins, and in the western shore of 

Lake Baikal, in the Kultuk area. In the former 

site, the lava cover of tephrite composition has a 

thin-columnar joint. The visible layer is up to 15 

m thick (Fig. 11a). The age of the tephrites is ca. 

13 Ma. In the latter, lava eruptions, occurred into 

water in lower places, resulted in hyaloclastite 

and pillow-lava accumulation (Fig. 11b). Simul-

taneously, the Kultuk volcano produced lavas 

erupted in ground conditions that are exposed in 

higher elevations of relief at the Obruchev fault 

outcrop (Fig. 11c). 
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Fig. 11. Tephrite flow with columnar jointing exposed in the wall of the Bystraya quarry (a), fragment 

of an outcrop with pillow lavas alternating with hyaloclastites in the Kultuk volcano (b), and lava flow 

position on a ledge that exposed in scarp of the Obruchev fault in the north-eastern portion of the Kultuk 

settlement (c). In panel (b), railway cut exposes tilted layers of lavas and clastic glassy volcanic material 

(Rasskazov et al., 2013). 
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ʈʠʩ. 11. ʇʦʪʦʢ ʪʝʬʨʠʪʦʚ ʩʦ ʩʪʦʣʙʯʘʪʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ, ʚʩʢʨʳʪʳʡ ʚ ʩʪʝʥʢʝ ɹʳʩʪʨʠʥʩʢʦʛʦ ʢʘʨʴʝʨʘ 

(a), ʬʨʘʛʤʝʥʪ ʦʙʥʘʞʝʥʠʷ ʧʦʜʫʰʝʯʥʳʭ ʣʘʚ, ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʩ ʛʠʘʣʦʢʣʘʩʪʠʪʘʤʠ ʥʘ ʂʫʣʪʫʢʩʢʦʤ 

ʚʫʣʢʘʥʝ (b) ʠ ʧʦʣʦʞʝʥʠʝ ʬʨʘʛʤʝʥʪʘ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʫʩʪʫʧʝ ʆʙʨʫʯʝʚʩʢʦʛʦ ʨʘʟʣʦʤʘ ʚ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʦʩ. ʂʫʣʪʫʢ (ʩ). ʅʘ ʧʘʥʝʣʠ (b) ʦʪʣʦʞʝʥʠʷ ʚʩʢʨʳʪʳ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ ʚʳʝʤʢʦʡ. 

ʈʘʟʣʠʯʘʶʪʩʷ ʥʘʢʣʦʥʝʥʥʳʝ ʩʣʦʠ ʣʘʚʦʚʦʛʦ ʠ ʦʙʣʦʤʦʯʥʦʛʦ ʩʪʝʢʣʦʚʘʪʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 

(ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2013). 

Along the Obruchev fault of the South Baikal 

Basin, the vertical amplitude of the Cenozoic 

motions exceeds 4 km. Fig. 12 demonstrates lo-

cation of the Kultuk volcano on a branch of the 

Obruchev fault, degenerating along its strike. 

The rapid attenuation of the amplitude of vertical 

displacements along the fault from east to west, 

accompanied by an inclination of the surface of 

the volcano block to the east, indicates a hinge 

kinematics of the tectonic motions. 

 
Fig. 12. Schematic blockïdiagram shows a hinge tectonic tilt of a lava surface and subvolcanic part of 

the Kultuk volcano towards the South Baikal basin at its western circuit. 

ʈʠʩ. 12. ʉʭʝʤʘʪʠʯʥʘʷ ʙʣʦʢïʜʠʘʛʨʘʤʤʘ ʠʣʣʶʩʪʨʠʨʫʝʪ ʰʘʨʥʠʨʥʳʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʥʘʢʣʦʥ ʣʘʚʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʂʫʣʪʫʢʩʢʦʛʦ ʚʫʣʢʘʥʘ ʢ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʝ ʥʘ 

ʝʝ ʟʘʧʘʜʥʦʤ ʟʘʤʳʢʘʥʠʠ. 

The Tunka Valley inherits an old lithospheric 
boundary of crustïmantle transition (CMT): 

crustal versus mantle events of 2.44ï2.22 and 
1.63ï1.31 Ga at the junction between Khamar-

Daban terrane, Tuva-Mongolian microconti-
nent, and Siberian paleocontinent 

The Tunka Valley is located between the 

Tuva-Mongolian microcontinent and Khamar-

Daban terrane that are known as major tectonic 

units accreted to the Siberian paleocontinent. We 

report 207Pb/206Pb ages of 2.44ï2.22 Ga for 

sources of Late Cenozoic volcanic rocks from 

the Tunka volcanic zone and of 1.63ï1.31 Ga for 

those from the Khamar-Daban one. The new 

ages are consistent with Precambrian geological 

events that are characteristic of the area and con-

tradict the Early Paleozoic collisional connection 

between these tectonic units inferred from dating 

of syn-collisional granites on the crustal level. 

We constrain ore-forming processes in the 

Gargan block of the Tuva-Mongolian microcon-

tinent and in the south of the Siberian paleocon-

tinent between 2.45 and 1.4 Ga and between 1.3 

and 0.25 Ga, respectively (Rasskazov et al., 

2010). The latest Pb-separating event in the Gar-

gan block was followed by the generation of 

restite ultrabasic Ilchir belt that bounds the block 

from the south (Kiseleva et al., 2020). So, we 

trace the boundary between the Gargan block 

and Ilchir belt to magma sources of the Tunka 

and Khamar-Daban zones that reasonably denote 

the root part of the Khamar-Daban terrane, ac-

creted to the Tuva-Mongolian microcontinent 

and Siberian paleocontinent 1.63ï1.31 Ga ago 

(Fig. 13). 
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Fig. 13. Tracing of the Gargan block ï Ilchir belt boundary to CMT (crustïmantle transition) sources 

for Cenozoic volcanic rocks from the Tunka and Khamar-Daban zones in sketch map (a) and section 

(b). Volcanoes of the Tunka zone: TB ï Tunka Basin group, ZV ï Zyrkuzun, KV ï Kultuk. Volcanoes 

of the Khamar-Daban zone: KS ï Kozya Sheika, KR ï Karyerny, AV ï Anchuk, MV ï Meteo. 

ʈʠʩ. 13. ʊʨʘʩʩʠʨʦʚʘʥʠʝ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʛʨʘʥʠʮʳ ɻʘʨʛʘʥʩʢʦʛʦ ʙʣʦʢʘ ï ʀʣʴʯʠʨʩʢʦʛʦ ʧʦʷʩʘ 

ʛʠʧʝʨʙʘʟʠʪʦʚ ʢ ʠʩʪʦʯʥʠʢʘʤ ʢʦʨʦʤʘʥʪʠʡʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʂʄʇ) ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʯʝ-

ʩʢʠʭ ʧʦʨʦʜ ʊʫʥʢʠʥʩʢʦʡ ʟʦʥʳ ʥʘ ʢʘʨʪʝïʩʭʝʤʝ (a) ʠ ʚ ʨʘʟʨʝʟʝ (ʙ). ɺʫʣʢʘʥʳ ʊʫʥʢʠʥʩʢʦʡ ʟʦʥʳ: TB 

ï ʛʨʫʧʧʘ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ, ZV ï ɿʳʨʢʫʟʫʥʩʢʠʡ, KV ï ʂʫʣʪʫʢʩʢʠʡ. ɺʫʣʢʘʥʳ ʍʘʤʘʨʜʘʙʘʥʩʢʦʡ 

ʟʦʥʳ: KS ï ʂʦʟʴʷ ʐʝʡʢʘ, KR ï ʂʘʨʴʝʨʥʳʡ, AV ï ɸʥʯʫʢʩʢʠʡ, MV ï ʄʝʪʝʦ. 

The Tunka and Khamar-Daban terranes were 

considered as a single unit together with the 

Tuva-Mongolian massif (Khain et al., 1995) or 

as geologically different geological blocks (Beli-

chenko et al., 2006). Taking into account the 

metamorphic content of the Khamar-Daban ter-

rane, we consider it as a result of the generation 

of the Earth's continental lithosphere during the 

convergence of continental blocks. An idealized 

collisional orogen is limited by oppositely 

descending oceanic slabs (Fig. 14a). Its cross-

section contains structural, sedimentary, petro-

logical, and metamorphic features of processes 

of different ages. Fragments of old accretionary 

orogens participated in later collisional mountain 

building are found in younger collisional ter-

ranes (Kusky et al., 2016; Windley et al., 2021). 

Deep geological structures of the counter slabs 

are defined in seismic tomographic models of the 

Tien Shan and Himalayan-Tibetan orogens (Gao 
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et al., 2013; Li et al., 2009). In the upper part of 

the north-south MANAS profile (Tien Shan), the 

width of the slab zone is about 400 km. At a 

depth of ~300 km, the width decreases to 250 

km. Stagnant paleoslab fragments are interpreted 

as fragments of the lithosphere of the Turkestan 

paleoocean that closed in the Late Paleozoic. 

 

 

Fig. 14. Schematic section of an ideal collisional orogen bounded by opposing slabs (a) and schematic 

section of the Ilchir-Tunka paleosubduction zone (b). In panel (a) ï simplified version of the scheme 

from (Kusky et al., 2016), in panel (b) ï the youngest events, associated with the Ilchir-Tunka slab, 

probably took place 0.9ï0.8 Ga ago. 

ʈʠʩ. 14. ʉʭʝʤʘʪʠʯʥʳʡ ʨʘʟʨʝʟ ʠʜʝʘʣʴʥʦʛʦ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʦʨʦʛʝʥʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʩʪʨʝʯʥʳʤʠ 

ʩʣʵʙʘʤʠ (ʘ) ʠ ʩʭʝʤʘʪʠʯʥʳʡ ʨʘʟʨʝʟ ʀʣʴʯʠʨʦ-ʊʫʥʢʠʥʩʢʦʡ ʧʘʣʝʦʩʫʙʜʫʢʮʠʦʥʥʦʡ ʟʦʥʳ (ʙ). ʅʘ ʧʘ-

ʥʝʣʠ (ʘ) ï ʫʧʨʦʱʝʥʥʳʡ ʚʘʨʠʘʥʪ ʩʭʝʤʳ ʠʟ ʨʘʙʦʪʳ (Kusky et al., 2016), ʥʘ ʧʘʥʝʣʠ (b) ï yʘʠʙʦʣʝʝ 

ʤʦʣʦʜʳʝ ʩʦʙʳʪʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʀʣʴʯʠʨʦ-ʊʫʥʢʠʥʩʢʠʤ ʩʣʵʙʦʤ, ʚʦʟʤʦʞʥʦ, ʠʤʝʣʠ ʤʝʩʪʦ 0.9ï0.8 

ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ. 

We emphasize the importance of ore-forming 

events in the Gargan block, launched about 2.45 

Ga, simultaneously with source generation in the 

Tunka zone. Basalts of this zone include xeno-

liths of fassaitic clinopyroxenites that show wide 

variations in the oxidationïreduction state. We 

suggest that fassaite (diopside) mineralization 

was due to interaction between orthopyroxene 

and calcite: (Mg, Fe)2Si2O6 + CaCO3 Ÿ (Mg, 

Ca)2Si2O6 + CO2 + FeO. Orthopyroxene of high-
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Mg spinel harzburgite xenoliths from Khobok 

River lavas (Tunka basin) shows SiO2 content as 

high as 58.7 wt. %, while fassaite from pyroxe-

nite xenoliths has SiO2 content as low as 49 wt. 

%. Fassaitization of orthopyroxenites and 

harzburgites, obviously, releases both iron and 

silica. These components are found as amor-

phous FeïSi phases in metasomatite xenoliths 

with low Mg/Si and Al/Si ratios (Ailow et al., 

2021a,b). 

From data obtained, we speculate that fas-

saitization was an effective crustïmantle process 

of 2.4ï2.2 Ga that could provide both the deep-

seated FeïSi mineralization and generation of 

banded iron formation (BIF) widely displayed in 

the Great Oxidation Event of the Earth (Yokota 

et al., 2013; Bindeman et al., 2016; Eguchi et al., 

2020). Ore Pb was separated in the Gargan block 

before the formation of the hyperbasite m®lange 

of the Ilchir belt. Respectively, the boundary of 

the Gargan block and the Ilchir hyperbasite belt 

is traced to the CMP sources of the Tunka zone 

that marks the root boundary part of the Khamar-

Daban accretion-collision (metamorphic) core 

(Fig. 14b). 

Summary 

The Late Cenozoic development of the Tunka 

Rift Valley is traced by sedimentary deposits of 

the Tankhoi coal-bearing suite, ocherous coarse-

grained Anosovka suite, and sand suite accumu-

lations. Volcanism of 16ï8 Ma (middle-late Mi-

ocene), occurred in the Tunka Basin and adjacent 

part of the Elovka spur, was followed with 4.0-

2.4 Ma (Pliocene) and 1.7-0.8 Ma (Early Pleisto-

cene) volcanic eruptions. The eastern end of the 

Tunka Valley was affected by extension and vol-

canism between 18 to 12 Ma. The later compres-

sion of the crust in this area resulted in its uplift 

and erosion and also in cessation of volcanic 

eruptions. 

Volcanic rocks contain deep-seated inclu-

sions extracted by ascending magmas from deep 

lithospheric layers of the Earth. These yield 

information on rock compositions of the earth's 

interior in the zone of the crustïmantle transition 

of the Slyudyanka metamorphic sub-terrane of 

the Khamar-Daban terrane. 

From Pb isotope estimates of ages for mantle 

sources of rift-related Cenozoic volcanic rocks, 

we infer that the Tunka Valley inherits an old 

lithospheric boundary of the CMP that is marked 

by events of 2.44ï2.22 and 1.63ï1.31 Ga at the 

junction between Khamar-Daban terrane, Tuva-

Mongolian microcontinent, and Siberian 

paleocontinent. The former time interval is criti-

cal for ore mineralization in the Archean Gargan 

block. 

Mineral waters of the Tunka Valley and 
the water of the southern Lake Baikal 

Hydrogeology is a section of geology that 

studies groundwaters, their resources, spatial 

distribution of their components, interaction be-

tween groundwater and host rocks, as well as the 

economic importance of groundwater compo-

nents and the impact on them of human activity 

(Fundamentals ..., 1980). 

A mineral spring is an outlet of groundwaters 

with a mineralization of more than 1 g/dm3. 

Fresh waters have a mineralization of less than 1 

g/dm3. 

Discovery and study of Arshan mineral waters 

Mineral springs of the Arshan resort were 

found by a hunter Terenty Chemezov from the 

Taly settlement at the end of the 19th century (in 

1896). He told the priest of the Talsk church, Ya-

kov Chistokhin, about his discovery, who helped 

spread information about the healing properties 

of the Arshan mineral waters and took steps to 

develop them for medicinal purposes. In Arshan, 

wells were drilled since 1931. A complete infor-

mation on mineral spring distribution in the 

Tunka Basin was delivered by employees of the 

Tunka National Park, A.M. Lekhatinov and E.B. 

Lekhatinova (2008) (Fig. 15). 
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Fig. 15. Spatial distribution of mineral springs in the Tunka Basin (Lekhatinov, Lekhatinova, 2008). 

ʈʠʩ. 15. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʝ (ʃʝ-

ʭʘʪʠʥʦʚ, ʃʝʭʘʪʠʥʦʚʘ, 2008). 

Compositions of mineral waters 

Waters from wells drilled in the Arshan resort 

is defined as carbonic hydrocarbonate magne-

sium-calcium, weakly ferrous. Seepage of min-

eral waters in the Tunka fault zone led to the dep-

osition of black graphite and the release of plate 

crystals of gypsum (sulfate), up to 3 cm in size. 

Current generation of these minerals is observed 

in cataclastic and mylonitized marbles (Fig. 16). 

 

 

Fig. 16. Gypsum crystal from graphitized mar-

ble (a) and young geologists on the outcrop of 

the zone of black graphitized marble (black) on 

background of white marble that is cataclased 

and mylonitized (b). 

ʈʠʩ. 16. ʂʨʠʩʪʘʣʣ ʛʠʧʩʘ ʚ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥ-

ʥʦʤ ʤʨʘʤʦʨʝ (a) ʠ ʤʦʣʦʜʳʝ ʛʝʦʣʦʛʠ ʥʘ ʦʙ-

ʥʘʞʝʥʠʠ ʟʦʥʳ ʯʝʨʥʦʛʦ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥ-

ʥʦʛʦ ʤʨʘʤʦʨʘ (ʯʝʨʥʦʝ) ʥʘ ʬʦʥʝ ʙʝʣʦʛʦ ʤʨʘ-

ʤʦʨʘ, ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʦʛʦ ʠ 

ʤʠʣʦʥʠʪʠʟʠʨʦʚʘʥʥʦʛʦ (b). 
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Distribution of thermal and cold groundwaters 

In the active Tunka fault zone, at the Arshan 

resort, there are numerous outlets of fresh water 

springs directly in the bed of the Kyngarga River 

and its sides. Thermal waters come from wells. 

The water can be drunk to improve the function-

ing of the gastrointestinal tract. The well reached 

a layer of carbonates with a temperature of 45 

ÁC. 

During the entire study of the mineral waters, 

about 40 wells were drilled. Cold mineral waters 

are spatially separated from hot ones. They differ 

from each other in the U content and 234U/238U 

activity ratio (AR4/8) (Fig. 17). 

 

Fig. 17. Differences in uranium components in cold and hot mineral waters on sketch-map of water sites 

in the Arshan resert. 1 ï fresh water source; 2 ï mineral water source; 3 ï mineral water well; 4 ï 

abandoned well; 5 ï closed well; 6 ï boundary of the 2nd floodplain terrace; 7 ï boundary of the 1st 

floodplain terrace; 8 ï Tunka fault line; 9ï11 ï areas of extracting cold (9) and warm (mothballed well) 

(10) carbon dioxide waters with uranium close to isotopic equilibrium and hot carbon dioxide waters 

with nonequilibrium U (11). Schematic map is adopted from (Kustov et al., 2002) with additions. 
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ʈʠʩ. 17. ʈʘʟʣʠʯʠʝ ʫʨʘʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʭʦʣʦʜʥʳʭ-ʪʝʧʣʳʭ ʠ ʛʦʨʷʯʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʦʜʘʭ ʥʘ 

ʩʭʝʤʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʧʫʥʢʪʦʚ ʥʘ ʢʫʨʦʨʪʝ ɸʨʰʘʥ. 1 ï ʠʩʪʦʯʥʠʢ ʧʨʝʩʥʦʡ ʚʦʜʳ; 2 ï ʠʩʪʦʯʥʠʢ 

ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ; 3 ï ʩʢʚʘʞʠʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʚʦʜʳ; 4 ï ʣʠʢʚʠʜʠʨʦʚʘʥʥʘʷ ʩʢʚʘʞʠʥʘ; 5 ï ʟʘʢʨʳ-

ʪʘʷ ʩʢʚʘʞʠʥʘ; 6 ï ʛʨʘʥʠʮʘ 2-ʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ; 7 ï ʛʨʘʥʠʮʘ 1-ʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ; 

8 ï ʣʠʥʠʷ ʊʫʥʢʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ; 9ï11 ï ʘʨʝʘʣʳ ʠʟʚʣʝʯʝʥʠʷ ʭʦʣʦʜʥʳʭ (9) ʠ ʪʝʧʣʳʭ (ʟʘʢʦʥʩʝʨʚʠ-

ʨʦʚʘʥʥʘʷ ʩʢʚʘʞʠʥʘ) (10) ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ ʩ ʫʨʘʥʦʤ, ʙʣʠʟʢʠʤ ʢ ʠʟʦʪʦʧʥʦʤʫ ʨʘʚʥʦʚʝʩʠʶ, ʠ ʛʦʨʷʯʠʭ 

ʚʦʜ ʩ ʥʝʨʘʚʥʦʚʝʩʥʳʤ U (11). ʀʩʧʦʣʴʟʦʚʘʥʘ ʩʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʦʜʦʧʫʥʢʪʦʚ (ʂʫʩʪʦʚ ʠ ʜʨ., 

2002). 

The origin of mineral waters 

The hydrogeological section of the Arshan 

carbonate water deposit area, published in 1968 

(Pinnecker et al., 1968), schematically 

demonstrates the transition from the Tunka basin 

to the side of the valley, mainly composed of car-

bonate deposits alternating with crystalline 

schists and gneisses and a single granite intrusion 

(Fig. 18a). 
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Fig. 18. Hydrogeological section of the northern part of the Tunka Basin in the area of the Arshan 

deposit of carbon dioxide waters (scheme of formation of carbon dioxide waters) (a) and hydrodynamic 

scheme of the Arshan carbonate water deposit (Pavlov et al., 2018) (b). In panel (a): 1 ï Quaternary 

boulder and sand-pebble deposits; 2 ï Neogene sands and sandstones; 3 ï Neogene basalts; 4 ï sand-

stones; 5 ï crystalline limestones and dolomites; 6 ï crystalline schists; 7 ï gneisses; 8 ï hornblende 

granites; 9 ï aquiferous faults and tectonic contacts; 10 ï paths of ascending movement of carbon diox-

ide waters along the supposed fault zone; 11 ï zones of increased fracturing; 12 ï thermal isohypses; 13 

ï assumed direction of movement of carbon dioxide waters; 14 ï direction of fresh water movement 

from the recharge area to the discharge zones; 15 ï atmospheric precipitation: 16ï18 ï springs (the 

number next to the spring is the flow rate, l/sec): 16 ï fresh fissure water; 17 ï fresh fissure-vein water; 

18 ï mineral springs: a ï hydrogen-sulfa; b ï carbon dioxide; 19 ï Quaternary volcano; 20 ï basement 

(from geophysical data); 21 ï well, above ï well number, below ï depth, m: in the numerator ï flow 

rate, l/sec, denominator ï depth of water opening, m; on the right in the numerator ï excess, m, in the 

denominator - mineralization, g/l; arrow ï pressure above the roof of the aquifer, the number above it is 

the piezometric level, m; 13 ï direction of carbon dioxide water movement; 14 ï direction of fresh water 

movement from feeding areas to discharge zones. The section is modified after (Pinneker et al., 1968). 

For the upper part of the section of borehole 2-O, the column of the section of the primary records was 

used (Povyshev, 1956). Age estimates of the lava packages are given on the basis of KïAr ages of 

basalts in outcrops of the Elovka spur and determinations of the KïAr age of ~1.6 Ma for volcanoes 

finalizing the lava sequence in the northeastern part of the Tunka depression, which underwent tectonic 

inversion with an uplift of the area relative to the bottom of the Tunka basin (Rasskazov, 1993). Panel 

(b) compiled on basis of the M.A. Kashina scheme. 1ï3 ï deposits: 1 ï boulder-pebble, 2 ï gruss-pebble, 

3 ï clays with inclusions of pebbles and boulders; 4ï5 ï ascending flow of dioxide carbonate waters in 

carbonate deposits of the Irkut (?) suite (4) and descending flow of nitrogen waters in metamorphic 
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schists of the Ilchir (?) suite (5); 6ï9 ï other designations: isotherm (6), inferred fault (7), piezometric 

groundwater level (8), well (9). 

ʈʠʩ. 18. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚ ʨʘʡʦʥʝ ɸʨʰʘʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ (ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ) (a) ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ɸʨʰʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ (ʇʘʚʣʦʚ ʠ ʜʨ., 2018) (b). 1 ï ʚʘʣʫʥʥʦ- ʠ ʧʝʩ-

ʯʘʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ; 2 ï ʧʝʩʢʠ ʠ ʧʝʩʯʘʥʠʢʠ ʥʝʦʛʝʥʘ; 3 ï ʙʘ-

ʟʘʣʴʪʳ ʥʝʦʛʝʥʘ; 4 ï ʧʝʩʯʘʥʠʢʠ; 5 ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ; 6 ï ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʣʘʥʮʳ; 7 ï ʛʥʝʡʩʳ; 8 ï ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʛʨʘʥʠʪʳ; 9 ï ʚʦʜʦʥʦʩʥʳʝ ʨʘʟʣʦʤʳ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 

ʢʦʥʪʘʢʪʳ; 10 ï ʧʫʪʠ ʚʦʩʭʦʜʷʱʝʛʦ ʜʚʠʞʝʥʠʷ ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ ʧʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʟʦʥʝ ʨʘʟʣʦʤʘ; 11 

ï ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ; 12 ï ʪʝʨʤʦʠʟʦʛʠʧʩʳ; 13 ï ʧʨʝʜʧʦʣʘʛʘʝʤʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ; 14 ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʨʝʩʥʳʭ ʚʦʜ ʦʪ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʢ ʟʦʥʘʤ 

ʨʘʟʛʨʫʟʢʠ; 15 ï ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ: 16ï18 ï ʨʦʜʥʠʢʠ (ʮʠʬʨʘ ʫ ʨʦʜʥʠʢʘ ï ʜʝʙʠʪ, ʣ/ʩʝʢ): 16 ï 

ʧʨʝʩʥʳʭ ʪʨʝʱʠʥʥʳʭ ʚʦʜ; 17 ï ʧʨʝʩʥʳʭ ʪʨʝʱʠʥʥʦ-ʞʠʣʴʥʳʭ ʚʦʜ; 18 ï ʤʠʥʝʨʘʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ: ʘ 

ï ʩʝʨʦʚʦʜʦʨʦʜʥʳʝ; ʙ ï ʫʛʣʝʢʠʩʣʳʝ; 19 ï ʯʝʪʚʝʨʪʠʯʥʳʡ ʚʫʣʢʘʥ; 20 ï ʬʫʥʜʘʤʝʥʪ (ʧʦ ʛʝʦʬʠʟʠʯʝ-

ʩʢʠʤ ʜʘʥʥʳʤ); 21 ï ʩʢʚʘʞʠʥʘ, ʥʘʚʝʨʭʫ ï ʥʦʤʝʨ ʩʢʚ., ʚʥʠʟʫ ï ʛʣʫʙʠʥʘ, ʤ: ʚ ʯʠʩʣʠʪʝʣʝ ï ʜʝʙʠʪ, 

ʣ/ʩʝʢ, ʟʥʘʤʝʥʘʪʝʣʝ ï ʛʣʫʙʠʥʘ ʚʩʢʨʳʪʠʷ ʚʦʜʳ, ʤ; ʩʧʨʘʚʘ ʚ ʯʠʩʣʠʪʝʣʝ ï ʧʨʝʚʳʰʝʥʠʝ, ʤ, ʚ ʟʥʘʤʝʥʘ-

ʪʝʣʝ ï ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʛ/ʣ; ʩʪʨʝʣʢʘ ï ʥʘʧʦʨ ʥʘʜ ʢʨʦʚʣʝʡ ʚʦʜʦʥʘʧʦʨʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʮʠʬʨʘ ʥʘʜ ʥʝʡ 

ï ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ, ʤ; 13 ï ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ; 14 ï ʥʘʧʨʘʚʣʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʧʨʝʩʥʳʭ ʚʦʜ ʦʪ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʢ ʟʦʥʘʤ ʨʘʟʛʨʫʟʢʠ. ʈʘʟʨʝʟ ʠʟ ʨʘʙʦʪʳ (ʇʠʥʥʝʢʝʨ ʠ ʜʨ., 

1968) ʩ ʠʟʤʝʥʝʥʠʷʤʠ. ɼʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʢʚ. 2-ʆ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʦʣʦʥʢʘ ʨʘʟʨʝʟʘ ʧʝʨʚʠʯ-

ʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (ʇʦʚʳʰʝʚ, 1956). ɺʦʟʨʘʩʪʥʳʝ ʦʮʝʥʢʠ ʣʘʚʦʚʳʭ ʧʘʯʝʢ ʜʘʥʳ ʥʘ ʦʩʥʦʚʝ KïAr 

ʜʘʪʠʨʦʚʘʥʠʷ ʙʘʟʘʣʴʪʦʚ ʚ ʦʙʥʘʞʝʥʠʷʭ ɽʣʦʚʩʢʦʛʦ ʦʪʨʦʛʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷʭ KïAr ʚʦʟʨʘʩʪʘ ~1.6 ʤʣʥ 

ʣʝʪ ʚʫʣʢʘʥʦʚ, ʚʝʥʯʘʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʣʘʚ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘ-

ʜʠʥʳ, ʧʨʝʪʝʨʧʝʚʰʝʡ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʠʥʚʝʨʩʠʶ ʩ ʧʦʜʥʷʪʠʝʤ ʪʝʨʨʠʪʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʥʠʱʘ 

ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʳ (ʈʘʩʩʢʘʟʦʚ, 1993). ʅʘ ʧʘʥʝʣʠ (b) ʜʘʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʄ.ɸ. ʂʘʰʠʥʦʡ. 1ï3 ï 

ʦʪʣʦʞʝʥʠʷ: 1 ï ʚʘʣʫʥʥʦȤʛʘʣʝʯʥʳʝ, 2 ï ʜʨʝʩʚʷʥʦȤʛʘʣʝʯʥʳʝ, 3 ï ʛʣʠʥʳ ʩ ʚʢʣʶʯʝʥʠʝʤ ʛʘʣʴʢʠ ʠ ʚʘ-

ʣʫʥʦʚ; 4ï5 ï ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʫʛʣʝʢʠʩʣʳʭ ʚʦʜ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʨʢʫʪʥʦʡ (?) ʩʚʠʪʳ 

(4) ʠ ʥʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʘʟʦʪʥʳʭ ʚʦʜ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ ʠʣʴʯʠʨʩʢʦʡ (?) ʩʚʠʪʳ (5); 6ï9 

ï ʧʨʦʯʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: ʠʟʦʪʝʨʤʘ (6), ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʨʘʟʣʦʤ (7), ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ (8), ʩʢʚʘʞʠʥʘ (9). 

After pioneering studies by E.V. Pinneker and 

other hydrogeologists, S.Kh. Pavlov et al. (2018) 

also suggested that groundwaters of the Tunka 

Basin are formed in deep horizons of the both 

sedimentary strata and crystalline basement. 

These authors considered groundwaters as repre-

senting a single hydrodynamic system, the de-

velopment of which was determined by water in-

filtration from the feeding areas of the surround-

ing mountain ranges. Simultaneous downward 

movement of nitrogenous and upward move-

ment of carbonated thermal waters was proposed 

at various hypsometric levels of the hydrogeo-

logical section of the Tunka Basin (Fig. 18b). 

Hydrogeochemical data 

The origin of groundwaters can be substanti-

ated by study of chemical elements and isotopes. 

From Sr- and H-isotope systematics, mineral wa-

ters from the Tunka Basin were considered as de-

rivatives of meteoric precipitation (Dril et al., 

2005). New data characterize mainly groundwa-

ters of the upper hydrogeodynamic stage of the 

crust at depths of up to 1.6 km. The work in-

cludes a single sample of station 2 from a deeper 

level (from the lower hydrogeodynamic stage) ï 

a sample of cold carbonated mineral water from 

the Arshan resort. The point of this mineral water 

corresponds to the trend of the thermal waters of 

the Baunt Basin of the BRS. In contrast to the 

trends of increasing ŭ2ʅ and ŭ18ʆ with increas-

ing Si (i.e. with increasing temperature) in the 

Kultuk reservoir of the upper hydrogeodynamic 

stage, in the Baunt reservoir of thermal waters of 

the lower hydrogeodynamic stage, trends of de-

creasing ŭ2ʅ and ŭ18ʆ with increasing Si (i.e. 

with increasing temperature) are observed (Fig. 

19). 
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Fig. 19. Diagrams ŭ2ʅ vs Si (a) ŭ18ʆ vs Si (ʙ) comparing data obtained for groundwaters of the Kultuk 

area, northwest coast of Lake Baikal, and Irkutsk reservoir with data on thermal waters of the Baunt 

Basin (BRS). Sampling sites of the BRS are shown in (Rasskazov et al., 2025a). Data on thermal waters 

from the Baunt Basin are from (Zamana, 2011) 

ʈʠʩ. 19. ɼʠʘʛʨʘʤʤʳ ŭ2ʅ ï Si (a) ŭ18ʆ ï Si (ʙ) ʩʨʘʚʥʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ ʠ ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʀʨʢʫʪ-

ʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩ ʜʘʥʥʳʤʠ ʦ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜʘʭ ɹʘʫʥʪʦʚʩʢʦʡ ʚʧʘʜʠʥʳ (ɹʈʉ). ʊʝʨʨʠʪʦʨʠʠ 

ʦʧʨʦʙʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ɹʈʉ ʦʙʦʟʥʘʯʝʥʳ ʚ ʨʘʙʦʪʝ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025a). ɼʣʷ ɹʘʫʥʪʦʚʩʢʦʡ 

ʚʧʘʜʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʟ ʨʘʙʦʪʳ (ɿʘʤʘʥʘ, 2011) 

 

Fig. 20. Water sampling points on the geological profile along the Kyngarga River (a) and variations in 

AR4/8 and U concentration in surface and groundwater samples along the profile (b) in 2012ï2014. 1 ï 

sampling points in the river; 2 ï the same in springs with AR4/8 values exceeding those in river samples; 

3 ï the same in springs with AR4/8 values lower than those in river samples; 4 ï silicate rocks (granite 
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gneisses); 5 ï carbonates; 6 ï boulder pebbles; 7 ï faults; 8 ï thalweg profile of the river valley. The 

measured U concentrations are given in brackets under each sampling point on profile a. 

ʈʠʩ. 20. ʊʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ ʚʦʜʳ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ ʨ. ʂʳʥʛʘʨʛʘ (ʘ) ʠ ʚʘʨʠʘʮʠʠ ʆɸ4/8 ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ U ʚ ʧʨʦʙʘʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚʜʦʣʴ ʧʨʦʬʠʣʷ (ʙ) ʚ 2012ï2014 ʛʛ. 1 

ï ʪʦʯʢʠ ʦʪʙʦʨʘ ʧʨʦʙ ʠʟ ʨʝʢʠ; 2 ï ʪʦ ʞʝ ʠʟ ʨʦʜʥʠʢʦʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʆɸ4/8, ʧʨʝʚʳʰʘʶʱʠʤʠ ʟʥʘ-

ʯʝʥʠʷ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ ʧʨʦʙʘʭ ʠʟ ʨʝʢʠ; 3 ï ʪʦ ʞʝ ʠʟ ʨʦʜʥʠʢʦʚ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʆɸ4/8, ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ, ʯʝʤ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʦʪʥʦʰʝʥʠʷ ʚ ʧʨʦʙʘʭ ʠʟ ʨʝʢʠ; 4 ï ʩʠʣʠʢʘʪʥʳʝ ʧʦʨʦʜʳ (ʛʨʘʥʠ-

ʪʦʛʥʝʡʩʳ); 5 ï ʢʘʨʙʦʥʘʪʳ; 6 ï ʚʘʣʫʥʥʳʝ ʛʘʣʝʯʥʠʢʠ; 7 ï ʨʘʟʣʦʤʳ; 8 ï ʧʨʦʬʠʣʴ ʪʘʣʴʚʝʛʘ ʨʝʯʥʦʡ 

ʜʦʣʠʥʳ. ɺ ʩʢʦʙʢʘʭ ʧʦʜ ʥʦʤʝʨʘʤʠ ʪʦʯʝʢ ʦʪʙʦʨʘ ʧʨʦʙ ʥʘ ʧʨʦʬʠʣʝ ʘ ʧʨʠʚʝʜʝʥʳ ʠʟʤʝʨʝʥʥʳʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ U. 

 

Mineral waters come to the surface along the 

active Tunka fault. Its activities result in dis-

placements of the modern terrace of the Kyn-

garga River over first tens of meters. The distri-

bution of uranium components and Si in the 

Arshan mineral waters contradicts the hypothe-

sis of their movement along the carbonate aqui-

fer and is better explained by the hypothesis of 

spatial separation of cold and hot carbonic waters 

from a deep reservoir (Fig. 21). 

 

Fig. 21. Scheme of the proposed spatial separation of cold and hot carbon dioxide waters of the Arshan 

field. In a carbonate layer (blue bricks), partially covered by Cenozoic sediments (yellow background 

with dots and circles), wells extract mineral waters that rise from a hydrogeodynamic center (HGDC) 

and periphery a reservoir in a permeable fault and from the same HGDC at some distance from it (Ras-

skazov et al., 2024). 

ʈʠʩ. 21. ʉʭʝʤʘ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʭʦʣʦʜʥʳʭ ʠ ʛʦʨʷʯʠʭ ʫʛʣʝʢʠʩʣʳʭ 

ʚʦʜ ɸʨʰʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʩʣʦʝ ʢʘʨʙʦʥʘʪʦʚ (ʩʠʥʠʝ ʢʠʨʧʠʯʠʢʠ), ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʳʪʳʭ 

ʢʘʡʥʦʟʦʡʩʢʠʤʠ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (ʞʝʣʪʳʡ ʬʦʥ ʩ ʪʦʯʢʘʤʠ ʠ ʢʨʫʞʢʘʤʠ), ʩʢʚʘʞʠʥʘʤʠ 

ʚʩʢʨʳʚʘʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʜʥʠʤʘʶʪʩʷ ʠʟ ʛʠʜʨʦʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ 

(ɻɻɼʎ) ʠ ʧʝʨʠʬʝʨʠʠ ʨʝʟʝʨʚʫʘʨʘ ʚ ʧʨʦʥʠʮʘʝʤʦʤ ʨʘʟʣʦʤʝ ʠ ʠʟ ʵʪʦʛʦ ʞʝ ɻɻɼʎ ʚ ʫʜʘʣʝʥʠʠ ʦʪ ʥʝʛʦ 

(ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2024). 

High 3ʅʝ/4He ratio and cyclic equilibrium of 
234U/238 ratio in groundwaters from the Tunka 

Basin 

Gas emissions in the Arshan and other min-

eral waters from the Tunka Basin yield unusually 

high 3ʅʝ/4He ratio (10ï5). The Tunka Basin is the 

only place in Asia, where such a high helium 

isotope ratio has been determined (Polyak, 

2003). In mineral waters from carbonates in the 

Olkha well in the south of the Siberian paleocon-

tinent, AR4/8 varies from 11.82 to 15.71. Eight 

atoms of 4He are formed during the radioactive 

decay of uranium-238 to the final stable isotope 
206Pb. Although, in addition to the decay of 238U, 
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4He is generated during the radioactive decay of 
235U and 232Th, the distribution of radiogenic 4He 

is associated primarily with the radioactive de-

cay of 238U. The revealed sharp difference in the 

isotopic ratio 3He/4He in the gas phase associated 

with groundwater of the Siberian Paleocontinent 

and Tunka Basin (Polyak, 2003) is consistent 

with the difference in AR4/8 of mineral waters 

of the Siberian Paleocontinent and the Arshan 

deposit of the Tunka Basin (Fig. 22). 

 
Fig. 22. Difference of AR4/8 in carbon dioxide 

mineral waters and 3He/4He in gases of carbon 

dioxide waters from wells in the Siberian 

paleocontinent and Tunka basin. Typical 

AR4/8 ranges are from (Rasskazov et al., 

2024), those of 3He/4He values are from (Pol-

yak, 2003). 

ʈʠʩ. 22. ʈʘʟʣʠʯʠʝ ʆɸ4/8 ʚ ʫʛʣʝʢʠʩʣʳʭ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʚʦʜʘʭ ʠ 3He/4He ʚ ʛʘʟʘʭ ʫʛʣʝʢʠʩ-

ʣʳʭ ʚʦʜ ʠʟ ʩʢʚʘʞʠʥ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪ-

ʬʦʨʤʝ ʠ ʚ ʊʫʥʢʠʥʩʢʦʡ ʚʧʘʜʠʥʝ. ʀʥʪʝʨʚʘʣʳ 

ʪʠʧʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʆɸ4/8 ʠʟ ʩʪʘʪʴʠ (ʈʘʩ-

ʩʢʘʟʦʚ ʠ ʜʨ., 2024), ʠʥʪʝʨʚʘʣʳ ʟʥʘʯʝʥʠʡ 
3He/4He ï ʠʟ ʩʪʘʪʴʠ (Polyak, 2003). 

In mineral waters from carbonates in the 

Olkha well, U isotopes change due to chemical 

dissolution of carbonates. Mineral water is en-

riched in 234U recoil atoms similar to the dissolv-

ing macro- and microcomponents of carbonates, 

while AR4/8 is complicated by the dependence 

of U dissolution on the oxidation-redox potential 

(ORP). In 2013ï2015, AR4/8 of mineral waters 

from the Olkha well increases with a decrease in 

U concentration under the action of a reducing 

agent, and does not change in 2017ï2022 with 

an increase in its concentration under the action 

of an oxidizing agent (Rasskazov et al., 2024). 

Under oxidizing conditions, uranium dissolves 

in water and is carried away. If a reducing gas 

(H2, H2S, etc.) acts, some uranium is retained in 

the rock that leads to the effect of creating an ex-

cess of 234U. In the Olkha well, there is no mech-

anism for replenishing the deep reservoir with 

water. Due to the retention of water in shallow 

carbonates (water with a low Si content), the ef-

fect of excess 234U accumulation is clearly dis-

played. 

The lack of excess 234U isotope in the Arshan 

mineral waters, derived from carbonates, is ex-

plained by the effect of a strong oxidizer (for ex-

ample, CO2). Uranium is constantly brought by 

water to the depth of well invasion from a deep 

reservoir, in which it is in isotopic equilibrium, 

therefore the products of radioactive decay of 
238U do not accumulate in shallow carbonate 

rocks and the effect of excess 234U accumulation 

is not provided. 

The high isotope ratio 3ʅʝ/4He in the Arshan 

and other mineral waters of the Tunka Basin cor-

responds to the value of the shallow mantle. 

Therefore, gas phase of the CMP zone penetrates 

here through the crust at present. As soon as the 

crust is permeable for gas, it might be permeable 

for basaltic melts. So, volcanic eruptions might 

happen. The probable eruption site is the south-

north Kyngarga fault (Fig. 23). 

 

Fig. 23. Spatial position of the probable future 

volcanic eruption in the Kyngarga fault zone. 

Symbols are as in Fig. 8b. Faults: TF ï Tunka 

Fault, MSF ï Main Sayan Fault (Rasskazov et 

al., 2024). 

ʈʠʩ. 23. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʝ-

ʨʦʷʪʥʦʛʦ ʙʫʜʫʱʝʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʠʟʚʝʨ-

ʞʝʥʠʷ ʚ ʟʦʥʝ ʂʳʥʛʘʨʛʩʢʦʛʦ ʨʘʟʣʦʤʘ (ʈʘʩ-

ʩʢʘʟʦʚ ʠ ʜʨ., 2024). ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 

ʩʤ. ʨʠʩ. 8b. ʈʘʟʣʦʤʳ: ʊF ï ʊʫʥʢʠʥʩʢʠʡ, 

MSF ï ɻʣʘʚʥʳʡ ʉʘʷʥʩʢʠʡ. 
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Water of the South Baikal Reservoir (SBR) 

Lake Baikal is the largest reservoir of liquid 
fresh water on the planet. The lake's water makes 
up about 20% of the world's surface water re-
serves, excluding glaciers, snowfields, and ice in 
Antarctica, Greenland, and other reserves where 
the water is in a solid state (Galaziy, 1984). Un-
der the current dynamics of water exchange, a 
complete replacement of the huge reservoir of 
Lake Baikal (23.6 thousand km3) would take no 
more than 400 years (Votintsev, 1961). 

Water of Lake Baikal has a weakly mineral-
ized composition (total dissolved solids (TDS) of 
about 100 mg/dm3). The South Baikal Reservoir 
(SBR) ï deep waters from the South Baikal Ba-
sin ï yields a homogeneous composition of U 
and Sr isotopes: U = 0.45 ɛg/dm3, the activity 
ratio 234U/238U = 1.96 Ñ 0.80 (Ñ 1ů); Sr = 99 
ɛg/dm3, 87Sr/86Sr = 0.708629 Ñ 0.000009 (Ñ 2ů). 
The uniqueness and consistency of the isotopic 
composition in the volume of the SBR opens up 
the possibility of its identification as a compo-
nent of the groundwater along the Baikal coast 
(Rasskazov et al., 2020). 

The TDS of waters from the South Baikal res-
ervoir is approximately 10 times lower than the 
mineralization of the Arshan resort waters (aver-
age TDS is about 1 g/dm3, maximal ï up to 4 
g/dm3). 

Summary 

In the Tunka Basin, mineral waters have been 
known since 1896. These were studied at differ-
ent times by hydrogeologists using various meth-
ods. In the recent paper, S.Kh. Pavlov et al. con-
firmed the hypothesis on the simultaneous 

downward movement of nitrogen and upward 
movement of carbon dioxide thermal waters at 
different levels of the hydrogeological section in 
the Tunka Basin. Variations of chemical ele-
ments and UïHeïOïH isotopes indicate more 
complex relations between groundwater compo-
nents with the participation of both meteoric wa-
ters and fluids rising from the crust-mantle tran-
sition zone. 

Dangerous geological processes 

Geological processes last for millions and bil-
lions of years, but sometimes they are replaced 
by rapid phenomena, reflected in large-scale 
movements of blocks, the formation of moun-
tains and the filling of basins with coarse-grained 
sediments. Such rapid processes include earth-
quakes and mudflows that have catastrophic con-
sequences for humans. 

Earthquake is an underground shock and os-
cillation of the earth's crust ï the most destruc-
tive natural phenomenon. 

Mudflow is a sudden flow of mud and clastic 
material accumulated in a mountainous area. A 
mudflow can be triggered by an earthquake, but 
more often it is caused by heavy precipitation of 
meteoric waters. 

Earthquakes 

In the Kultuk village area, seismic disloca-
tions are observed as ditches, along which dis-
placements occurred as a result of strong earth-
quakes (Fig. 24). Similar seismic dislocations are 
common throughout the Baikal Rift System. The 
area with high seismic activity extends from the 
Baikal to the adjacent region of Mongolia. 

 

Fig. 24. Overgrown seismogenic ditch in the Main Sayan Fault zone (near the Kultuk village). Photo by 

V.A. Sankov (Rasskazov et al., 2010). 
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ʈʠʩ. 24. ɿʘʨʦʩʰʠʡ ʩʝʡʩʤʦʛʝʥʥʳʡ ʨʦʚ ʚ ʟʦʥʝ ɻʣʘʚʥʦʛʦ ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ (ʨʘʡʦʥ ʧ. ʂʫʣʪʫʢ). ʌʦ-

ʪʦʛʨʘʬʠʷ ɺ.ɸ. ʉʘʥʴʢʦʚʘ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2010). 

In the Tunka Valley, the strongest Mondy 

earthquake (M=7.0) occurred on April 4, 1950. 

Later, in 1995, there was the Zaktuy earthquake 

(M=5.7), and in 2003, the Khoytogol one 

(M=4.4). In the South Baikal Basin, strong earth-

quakes occurred in 1999 and 2008. In 2020, the 

Baikal-Khubsugul seismic reactivation began 

with the double Bystraya seismic event, the epi-

center of which spatially corresponded to the 

Anchuk volcano of the Bystraya volcanic zone 

(Fig. 25). In June-September 2023, there was a 

seismic lull, after which a new seismic reactiva-

tion began with strong earthquakes in Northern 

Baikal and Hangay. The preparation and imple-

mentation of strong earthquakes were accompa-

nied by effects in the earth's crust that were rec-

orded by variations of groundwater components 

in the Kultuk reservoir (Rasskazov et al., 2025b). 

 

Fig. 25. Scheme of spatial superposition of the Bystraya earthquake with the Anchuk volcano of the 

Bystraya volcanic zone. The relative shift of the two epicenters of the Bystraya earthquake is shown 

after (Mapé, 2025), taking into account the direction of the Bystraya volcanic zone. 

ʈʠʩ. 25. ʉʭʝʤʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʦʚʤʝʱʝʥʠʷ ɹʳʩʪʨʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ɸʥʯʫʢʩʢʠʤ ʚʫʣ-

ʢʘʥʦʤ ɹʳʩʪʨʠʥʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʳ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ 

ʩʤʝʱʝʥʠʝ ʜʚʫʭ ʵʧʠʮʝʥʪʨʦʚ ɹʳʩʪʨʠʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʧʦʢʘʟʘʥʦ ʧʦ ʜʘʥʥʳʤ ʩʘʡʪʘ (ʂʘʨʪʘé, 

2025) ʩ ʫʯʝʪʦʤ ʧʨʦʩʪʠʨʘʥʠʷ ɹʳʩʪʨʠʥʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʟʦʥʳ. 

Monitoring station 27 of the Kultuk area is lo-

cated in distance of 25 km from the epicenter of 

the Bystraya earthquake, in the transitional area 

from the stretching central part of the BRS to its 

compressing western part. The monitoring sta-

tion actually corresponds to the geometric center 
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of strong BRS earthquakes in 2020ï2025 (Fig. 

26). Its hydrogeochemical responses were rather 

sensitive to all seismic events of the BRS (Ras-

skazov et al., 2025b). 

 

Fig. 26. Scheme of distribution of strong earthquakes in the center and west of the BRS in 2020ï2025. 

Structural elements of the Hangay orogen are shown after (Korina, 1982). Strong earthquakes of the 

central part of the BRS: KU ï Kudara, KHN ï Khentei, BA ï Babushkin, GO1,2 ï Goloustnoe 1 and 2, 

NB ï North-Baikal. Strong earthquakes of the western BRS: KHU ï Khubsugul, TO ï Tofalar, DA ï 

Darkhat, CHL ï Chulutyn. The earthquakes KHN, KU, BA, GO1,2, KHU, ʊʆ and DA belong to the 

Baikal-Khubsugul seismic reactivation, those NB and CHL ï to the North Baikal-Hangay one. The ini-

tial strong Bystraya earthquake is preceded by earthquakes of moderate strength (in the north-south 

direction): KY ï Kyren in the Tunka Valley and MU ï Murino in the South Baikal basin. The last strong 

Chulutyn earthquake is preceded (in the north-south direction) by the moderate Khara-Khuzhir earth-

quake (KHKH). It is followed by the moderate Mondy earthquake (MN). Red arrows show episodes of 

redistribution of strong earthquakes from the center to the west of the BRS. The catalog (Mapé, 2025) 

is used. 

ʈʠʩ. 26. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ɹʈʉ ʚ 

2020ï2025 ʛʛ. ʉʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʍʘʥʛʘʡʩʢʦʛʦ ʦʨʦʛʝʥʘ ʧʦʢʘʟʘʥʳ ʧʦ ʜʘʥʥʳʤ (ʂʦʨʠʥʘ, 1982). 

ʉʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʮʝʥʪʨʘ ɹʈʉ: KHN ï ʍʵʥʪʵʡʩʢʦʝ, KU ï ʂʫʜʘʨʠʥʩʢʦʝ, BA ï ɹʘʙʫʰʢʠʥ-

ʩʢʦʝ, GO1,2 ï ɻʦʣʦʫʩʪʝʥʩʢʠʝ ʇʝʨʚʦʝ ʠ ɺʪʦʨʦʝ, NB ï ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʝ. ʉʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʟʘʧʘʜʘ ɹʈʉ: KHU ï ʍʫʙʩʫʛʫʣʴʩʢʦʝ, ʊʆ ï ʊʦʬʘʣʘʨʩʢʦʝ, DA ï ɼʘʨʭʘʪʩʢʦʝ, CHL ï ʏʫʣʫʪʳʥ-

ʩʢʦʝ. ɿʝʤʣʝʪʨʷʩʝʥʠʷ KHN, KU, BA, GO1,2, KHU, ʊʆ ʠ DA ʦʪʥʦʩʷʪʩʷ ʢ ɹʘʡʢʘʣʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ NB ʠ CHL ï ʢ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʦ-ʍʘʥʛʘʡʩʢʦʡ. ʅʘʯʘʣʴ-

ʥʦʤʫ ʩʠʣʴʥʦʤʫ ɹʳʩʪʨʠʥʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ ʧʨʝʜʰʝʩʪʚʫʶʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʫʤʝʨʝʥʥʦʡ ʩʠʣʳ (ʚ 

ʩʫʙʠhʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ): KY ï ʂʳʨʝʥʩʢʦʝ ʚ ʊʫʥʢʠʥʩʢʦʡ ʜʦʣʠʥʝ ʠ MU ï ʄʫʨʠʥʩʢʦʝ ʚ ʖʞʥʦ-

ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʝ. ʇʦʩʣʝʜʥʝʤʫ ʩʠʣʴʥʦʤʫ ʏʫʣʫʪʳʥʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ ʧʨʝʜʰʝʩʪʚʫʝʪ (ʚ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ) ʫʤʝʨʝʥʥʦʝ ʍʘʨʘ-ʍʫʞʠʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (KHKH), ʘ ʟʘ ʥʠʤ 

ʩʣʝʜʫʝʪ ʫʤʝʨʝʥʥʦʝ ʄʦʥʜʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (MN). ʀʩʧʦʣʴʟʦʚʘʥ ʢʘʪʘʣʦʛ (ʂʘʨʪʘé, 2025). 

Mudflows 

A. Lvov and G. Kropachev were the first, who 

described mudflows in the Tunka Basin that 

descended along the Kyngarga River in 1897 and 

along the Khairok and Khurai-Khobok Rivers in 

1903. On August 2, 1903, after a downpour that 

broke out over Tunka, large area of arable land 
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near the Ulyabory ulus (setlment) were covered 

with mudflows and boulders (along the tributar-

ies of the Kharimpta and Khurai-Khobok Rivers. 

The downpour terribly devastated the middle 

part of the basin. Two weeks later, entire lakes 

stood in the valley. A flood occurred in the Ar-

shan village on June 25 and 27, 1912. In 1952, a 

flood on the river Kyngarga caused a rise in its 

level by 3 m or more. In 1962, there was a mud-

flow in the area of the Arshan resort on the night 

of July 17ï18 (Makarov, 2012). 

At a conference dedicated to the 20th anniver-

sary of the Tunka National Park in the summer 

of 2011 in the Vyshka resort, V.K. Laperdin 

warned that a mudflow was prepared in the area 

of the Arshan resort. The mudflow of 2014 that 

occurred on the night of June 27ï28 had serious 

consequences here. Later, V.K. Laperdin said: 

ñThe boulders that we managed to find and 

measure reached three meters in diameter. The 

flow moved at a speed of 5 to 10 meters per sec-

ond. By the time it reached the village, the width 

of the flow reached 500ï600 meters, and the 

thickness (depth) was 4.0ï4.5 meters. òThe 

Stone Riverò mudflow was derived from one of 

the glacial cirques of the Tunka Range. Mudflow 

deposits on the surface of the Stone River consist 

of large (on average, 40ï50 cm) blocks of igne-

ous, metamorphic, and sedimentary rocks (Fig. 

27a). Blocks of igneous rocks predominate, rep-

resented mainly by medium-coarse-grained 

granodiorite, diorite, and gabbro. In the area near 

the houses, cleared of debris, only the largest 

blocks up to 3 m in size remained. Rare large 

blocks of metamorphic rocks (gneisses, crystal-

line schists, chlorite schists, marbles) and small 

(up to 20 cm) blocks of pink (potassium) gran-

ites, sedimentary rocks (siltstones) and basalts 

were found on the surface of the Stone River. 

Siltstone and basalt fragments from the Stone 

River are compared with Cenozoic sedimentary 

deposits and basalts occurring in the Tunka Ba-

sin. 
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Fig. 27. Young geologists on the Stone River (a) and coarse clasts of sediments on the 40-meter high 

terrace of the Kyngarga River (b). 

ʈʠʩ. 27. ʄʦʣʦʜʳʝ ʛʝʦʣʦʛʠ ʥʘ ʂʘʤʝʥʥʦʡ ʨʝʢʝ (a) ʠ ʢʨʫʧʥʦ-ʦʙʣʦʤʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ 40-ʤʝʪʨʦʚʦʡ 

ʪʝʨʨʘʩʳ ʨ. ʂʳʥʛʘʨʛʘ (ʙ). 

 

Summary 

Two dangerous geological processes have 

been displayed in the Tunka Valley: earthquakes 

and mudflows. Special studies are being con-

ducted to determine the place and time of possi-

ble manifestation of these processes in the future. 

The time and place of future strong earthquakes 

in the Tunka Valley are determined by monitor-

ing hydrogeochemical studies of groundwater. 

Mudflows have repeatedly occurred in the area 

of the Arshan village and will occur in the future. 

Tectonic development of basins in the 
Tunka Valley and southern Lake Baikal 

Sharp change in the earth's crust structure at 
the junction between the South Baikal Basin 

and Tunka Valley 

The structure of the Baikal Rift System 

changes sharply between the South Baikal Basin 

and Tunka Valley. This change is reflected in the 

deep structure of the earth's crust and underlying 

mantle (Fig. 28). 

When moving from the Tunka Basin through 

the Tory Basin to the Bystraya one and further to 

Lake Baikal, one observes a succession of basins 

filled with sedimentary rocks. This area was up-

lift ed. As a result, sedimentary rocks were par-

tially eroded. This indicates a change in the de-

velopment of the eastern part of the Tunka Val-

ley due to the compression of the upper crust. In 

the area of the Kultuk village, Quaternary re-

verse faults are clearly recorded. The basin of 

Lake Baikal was formed under conditions of ex-

tension that continues at present. From space ge-

odesy measurements (Sankov et al., 2014), the 

sides of Southern Baikal diverge northwest ï 

southeast with a rate of 3.4 Ñ 0.7 mm/year. 
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Fig. 28. VS-section along the profile of the settlement Mondyïsettlement Khuramsha (Mordvinova et 

al., 2017). The profile line is shown in the inset. 

ʈʠʩ. 28. VS-ʨʘʟʨʝʟ ʧʦ ʧʨʦʬʠʣʶ ʧ. ʄʦʥʜʳïʧ. ʍʫʨʘʤʰʘ (ʄʦʨʜʚʠʥʦʚʘ ʠ ʜʨ., 2017). ʃʠʥʠʷ ʧʨʦʬʠʣʷ 

ʧʦʢʘʟʘʥʘ ʥʘ ʚʨʝʟʢʝ. 

Sedimentary filling of the Baikal basins 

Bottom morphology of Lake Baikal shows the 

southern, middle, and northern basins. The mid-

dle one is separated from the southern by the al-

luvial fan of Selenga Delta. Such morphological 

division of the lake bottom means separation of 

water lenses, but does not make sense for the in-

terpretation of the rift structure. From gravity 

modeling (Logatchev, Zorin, 1992), the southern 

and middle basins form a single South Baikal 

unit. Thickness of Cenozoic deposits of Lake 

Baikal is estimated to be up to 6 km. From seis-

mic profiling (Hutchinson et al., 1992), 2 subdi-

visions of the layered strata (A, B) are distin-

guished in the sedimentary section and in the 

South Baikal basin ï an underlying seismically 

transparent zone (C). The latter sedimentary unit 

got different interpretations. From study of sedi-

mentary sequences on the southern shore of the 

South Baikal, we inferred that seismically trans-

parent zone designates mylonites of a suture 

zone between the Siberian paleocontinent base-

ment and accreted terranes (Rasskazov et al., 

2021b). 

Fig. 29 shows representative seismic profiles 

4 and 17 of the sedimentary filling of the South 

Baikal Basin, spatially corresponding to the Osi-

novka and Mishikha-Klyuevka paleovalleys of 

the southern coast of Lake Baikal. Profile 4 

clearly separates two layers of bottom sediments: 

the lower, folded one and the upper, horizontally 

layered one. The upper layer is shifted toward the 

northern side of the basin. At the southern side, 

horizontal layering is absent, and the bottom sur-

face rises slightly. Such a structure of the profile 

that reflects the asymmetry of the Baikal-type 

basins suggests an intensive influx of sedimen-

tary material into the lake mainly from its south-

ern side. Rhythmically layered material is pre-

sent in the lower parts of the bottom sediment 

section in both the northern and southern parts of 

the lake. At the top of the bottom sediment sec-

tion of the southern part of the basin, the layering 

becomes indistinct, indicating a lateral replace-

ment of rhythmic sediments by unlayered mate-

rial of the Osinovka paleovalley delta. After the 

folded deformations, the same unlayered mate-

rial continued to accumulate in the southern part 

of the basin simultaneously with the 
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accumulation of deep-water sediments in its 

northern part. Unlike profile 4, on profile 17, 

horizontally layered sediments are not individu-

alized in the uppermost part of the section. The 

bottom of the lake is deformed by faults with 

vertical displacement. Weak layering is visible 

only near the northwestern shore, in the area of 

the Posolskaya Bank. In the bottom sediments, 

unsorted material of the Mishikha-Klyuevka 

paleovalley seems to predominate. 

 

Fig. 29. North-south (ʘ) and northwest-southeast (b) seismic profiles across Lake Baikal. Adopted after 

(Levi et al., 1997). The profile locations are shown in the inset. On the southern shore of Lake Baikal, 

profiles 4 and 17 spatially correspond to alluvial deposits of the Osinovka (OS) and Mishikha-Klyuevka 

(MK) paleovalleys, separated by the Tankhoi block (TN) with swamp-oxbow deposits. The stratigraphic 
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units of the Mishikha-Klyuevka paleovalley and Tankhoi block correlate with those of Selenga Delta 

(SD). 

ʈʠʩ. 29. ʉʝʡʩʤʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʯʝʨʝʟ ʦʟʝʨʦ ɹʘʡʢʘʣ: ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʡ (ʘ) ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ 

(ʙ). ʆʩʥʦʚʘ ʠʟ ʨʘʙʦʪʳ (Levi et al., 1997). ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʨʦʬʠʣʝʡ ʧʦʢʘʟʘʥʦ ʥʘ ʚʨʝʟʢʝ. ʅʘ ʶʞ-

ʥʦʤ ʙʝʨʝʛʫ ɹʘʡʢʘʣʘ ʧʨʦʬʠʣʷʤ 4 ʠ 17 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʣʣʶʚʠ-

ʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʆʩʠʥʦʚʩʢʦʡ (ʆS) ʠ ʄʠʰʠʭʠʥʩʢʦ-ʂʣʶʝʚʩʢʦʡ (MK) ʧʘʣʝʦʜʦʣʠʥ, ʨʘʟʜʝʣʝʥʥʳʭ 

ʊʘʥʭʦʡʩʢʠʤ ʙʣʦʢʦʤ (TN) ʩ ʙʦʣʦʪʥʦ-ʩʪʘʨʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʉʪʨʘʪʦʥʳ ʨʘʟʨʝʟʘ ʦʪʣʦʞʝʥʠʡ 

ʄʠʰʠʭʠʥʩʢʦ-ʂʣʶʝʚʩʢʦʡ ʧʘʣʝʦʜʦʣʠʥʳ ʠ ʊʘʥʭʦʡʩʢʦʛʦ ʙʣʦʢʘ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩʦ ʩʪʨʘʪʦʥʘʤʠ ʨʘʟ-

ʨʝʟʘ, ʚʩʢʨʳʪʦʛʦ ʩʢʚʘʞʠʥʘʤʠ ʚ ʜʝʣʴʪʝ ʨ. ʉʝʣʝʥʛʘ (SD). 

Relationship between old lakes of the Tunka 
Valley and Paleo-Baikal 

Clastic debris seems to accumulate in the ba-

sins of the Tunka Valley rather quickly. The 

mudflow of the Stone River of 2014 showed a 

pattern of such a quick modern destruction of the 

Tunka Ridge by an avalanche movement of de-

bris from the ridge into the basin (Rasskazov et 

al., 2023). 

The South-West Border Fault of the South 

Baikal Basin extends along the zone of granulite 

metamorphism of the Slyudyanka sub-terrane. 

This fault is in discordant relations with the 

Tankhoi tectonic step that was separated by 

faults from both the uplifted Khamar-Daban 

Ridge and the subsided lake bottom. The 

Obruchev fault separates part of the Siberian 

paleocontinent's basement from its base (Fig. 

30). 

 

Fig. 30. Scheme of control of the Pra-Anosovka source of the Paleo-Manzurka by the edge of the cra-

tonic basement of the Siberian paleocontinent. A fragment of the Slyudyanka metamorphic sub-terrane 

is shown after (Shafeev, 1970). 

ʈʠʩ. 30. ʉʭʝʤʘ ʢʦʥʪʨʦʣʷ ʧʨʘ-ʘʥʦʩʦʚʩʢʦʛʦ ʠʩʪʦʢʘ ʇʨʘ-ʄʘʥʟʫʨʢʠ ʢʨʘʝʤ ʢʨʘʪʦʥʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ 

ʉʠʙʠʨʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ. ʌʨʘʛʤʝʥʪ ʉʣʶʜʷʥʩʢʦʛʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʩʫʙʪʝʨʨʝʡʥʘ ʧʦʢʘʟʘʥ 

ʧʦ ʨʘʙʦʪʝ (ʐʘʬʝʝʚ, 1970). 

The boundary between the subsided triangle 

of the cratonic basement and the Olkhon meta-

morphic terrane is traced by earthquakes (Ras-

skazov et al., 2020, 2021a). In the southwestern 

part of the South Baikal Basin, there are signs of 

inversion of the crustal extensional forces to 

compressional ones, expressed in the formation 

of folds of the bottom sediments of Lake Baikal 

at this boundary. Compression at the Miocene-

Pliocene boundary is also reflected in the over-

turning Eocene-Lower Pliocene sediments in the 

Mishikha section of the Tankhoy tectonic step 

(Al Hamud et al., 2021). Pra-Anosovka was part 

of the system of Miocene-Pliocene watercourse 

that extended from Pra-Anosovka (southern cost 

of the future Lake Baikal) to Pra-Manzurka (its 

northern coast) along the edge of the Siberian 

paleocontinent basement that was involved in 

right-lateral transtension with the displacement 

of the lowered block of the Baikal bed relative to 

the Olkhon metamorphic terrane. The spread of 

transtension along the Primorsky suture of the 
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Siberian paleocontinent contributed to the crea-

tion of a right-lateral system of echelon-like seg-

ments and the formation of the Pra-Manzurka 

valley at the beginning of the Pliocene, about 5ï

4 million years ago. 

History of river runoff from Lake Baikal in the 
last 2 Ma 

Physical geography operates with the law: 

only one river can flow out of a lake. In the last 

2 Ma, waters of Lake Baikal has flowed: 1) 

through the valleys of the Kultuchnaya River and 

Ilcha River into the Irkut River and further along 

the Angara River into the Yenisei River, 2) 

through the Paleo-Manzurka River valley into 

the Lena River valley, and 3) through the Angara 

River into the Yenisei River (Kononov, 2005) 

(Fig. 31). 

 

Fig. 31. Directions of river flows from Lake Baikal in the last 2 Ma. 

ʈʠʩ. 31. ʅʘʧʨʘʚʣʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠʟ ʦʟ. ɹʘʡʢʘʣ ʚ ʧʦʩʣʝʜʥʠʝ 2 ʤʣʥ ʣʝʪ. 

Summary 

In the transition from the Tunka Valley to 

Lake Baikal, structure of the earth's crust and un-

derlying mantle changes dramatically. Basins of 

Lake Baikal were filled with sedimentary depos-

its and water, unlike those of the Tunka Valley 

filled with sedimentary deposits alternating with 

volcanic rocks. During the development of the 

eastern part of the Tunka Valley, there was an 

inversion of tectonic motions occurred due to the 

change in crustal extension to compression, alt-

hough in the South Baikal Basin the crust was 

stretched and continues stretching at present. 

The different nature of the development of the 

South Baikal Basin and Tunka Valley resulted in 

the change in the direction of river flow from 

Lake Baikal to the Yenisei River, Lena River, 

and then back to the Yenisei River. 

Conclusion 

To present comprehensive introduction into 

rifting processes, we defined their place in the 

Tunka Valley occurred in the late Cenozoic rel-

ative tectonic unites of pre-Cenozoic basement, 

described tectonic features of the valley, desig-

nated stratigraphic sequence of sedimentary and 

volcanic rocks in basins, showed the latest seis-

mic interpretations of deep structure of the crust 

and the underlying mantle, discussed specific in-

formation on groundwaters, and characterized 

recent displaying of dangerous phenomena such 

as earthquakes and mudflows. 

The axial structures of the young (Cenozoic) 

Baikal Rift System obviously inherited the struc-

ture of the pre-Cenozoic basement. There is a 

junction between the South Baikal Basin and 

Tunka Valley in the Kultuk village area. The 

earth's crust of the former has been stretched for 
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a long time and continues to stretch at present, 

while the eastern part of the latter was affected 

by hot transtension from 18 to 12 Ma and then 

was compressed. The transition from compres-

sion to extension at 13ï12 Ma is established 

through dating of volcanic rocks. 

The Tunka Valley is a chain of basins, the 

largest of which (Tunka) is located in its central 

part. This basin was affected by extension more 

than other basins of the valley. The Tunka Basin 

accumulated a volcanogenic-sedimentary layer 

of maximum thickness (up to 2.5 km). Volcanic 

activity began here about 16 Ma ago and final-

ized at 0.9-0.8 Ma ago. The mineral springs of 

this area have hydrogeochemical parameters in-

dicating their connection with deep sources of 

crust-mantle transition (high 3He/4He ratio and 
234U/238U activity ratio close to 1). High permea-

bility of the Tunka Basin crust for fluids might 

result into its permeability for magmatic melts. 

A future volcanic eruption in the Kyngarga fault 

seems to be quite real. 

Earthquakes and mudflows were considered 

as dangerous geological processes. Earthquakes 

reactivated in the Baikal area since 2020 and cur-

rently studied through hydrogeochemical moni-

toring of groundwaters. In 2014, a mudflow cov-

ered the Arshan resort area. Such phenomena are 

common in mountainous terrains. Apparently, 

processes like these caused the accumulation of 

coarse-grained Anosovka suite in basins of the 

Baikal Rift System in the past 5ï3 years. 

The Tunka Valley, initially chosen by N.A. 

Florensov as the reference tectonic structure of 

the Baikal Rift Zone, nowadays preserves its 

value for solving the main problems related to 

rifting processes in the continental lithosphere. 

The presented data on the Tunka Valley is only 

a short introduction into rifting problems that 

were discussed on this area in many published 

papers. 

Future Work in the Tunka Valley and 
South Baikal Basin 

1) comparative study of sedimentation in ba-

sins, 

2) study of pseudotachylytes in suture zones 

between major tectonic units, 

3) study of volcanic rocks and deep-seated in-

clusions from them for deciphering structure and 

development of the lithosphere, 

4) study of deep groundwater components, 

monitoring their temporal variations for earth-

quake prediction, 

5) study of dangerous geological processes, 

such as earthquakes and mudflows. 
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Geology of the Western Coast of Lake Baikal in the Vicinity of the 
Bolshaya and Malaya Kadilnaya Valleys * 

S.N. Kovalenko 

Irkutsk State University, Irkutsk, Russia 

Abstract. The article provides a geological description of the western shore of Lake Baikal in the 

area, where stromatolite limestones of the Middle-Upper Riphean (?) formation (Baikal series) occurs. 

Described other geological units are Precambrian (Shumikhinsky complex of moderately alkaline gran-

ites and diorites and Zhidoi formation of the Sharyzhalgai series), Middle Jurassic continental alluvial 

deposits, and Quaternary lacustrine-proluvial and slope formations. 

Keywords: Baikal, geology, stromatolites, Precambrian metamorphic and plutonic complexes, 

Riphean carbonate deposits, Jurassic conglomerates 

ɻʝʦʣʦʛʠʷ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʘʜʝʡ 
ɹʦʣʴʰʘʷ ʠ ʄʘʣʘʷ ʂʘʜʠʣʴʥʘ ̫

ʉ.ʅ. ʂʦʚʘʣʝʥʢʦ 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ʦʟ. ɹʘʡʢʘʣ, ʛʜʝ 

ʥʘʭʦʜʷʪʩʷ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʨʠʬʝʡʩʢʦʡ (?) ʩʚʠʪʳ ʙʘʡʢʘʣʴʩʢʦʡ ʩʝʨʠʠ. 

ɺ ʩʪʘʪʴʝ ʦʩʚʝʱʘʶʪʩʷ ʜʨʫʛʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʥʥʝʛʦ ʜʦʢʝʤʙʨʠʷ (ʰʫʤʠʭʠʥʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʠ ʜʠʦʨʠʪʦʚ ʠ ʞʠʜʦʡʩʢʘʷ ʩʚʠʪʘ ʰʘʨʳʞʘʣʛʘʡʩʢʦʡ ʩʝʨʠʠ 

ʘʨʭʝʷ), ʘ ʪʘʢʞʝ ʩʨʝʜʥʝʶʨʩʢʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʟʝʨʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʠ ʩʢʣʦʥʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɹʘʡʢʘʣ, ʛʝʦʣʦʛʠʷ, ʩʪʨʦʤʘʪʦʣʠʪʳ, ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠ 

ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʨʠʬʝʡʩʢʠʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʶʨʩʢʠʝ ʢʦʥʛʣʦʤʝʨʘʪʳ 

 

Introduction 

Along the western shore of Lake Baikal, in 

the area of the Bolshie Koty village, Bolshaya 

and Malaya Kadilnaya in easy accessibility, 

structural, igneous and metamorphic formations 

of the Early Precambrian (Shumikhinsky 

                                                 
* ʉʪʘʪʴʷ ʧʦʣʫʯʝʥʘ: 21.07.2025; ʠʩʧʨʘʚʣʝʥʘ: 16.08.2025; ʧʨʠʥʷʪʘ: 19.09.2025. 
ɼʃʗ ʎʀʊʀʈʆɺɸʅʀʗ: ʂʦʚʘʣʝʥʢʦ ʉ.ʅ. ɻʝʦʣʦʛʠʷ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ͍ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʘʜʝʡ ɹʦʣʴ-

ʰʘʷ ʠ ʄʘʣʘʷ ʂʘʜʠʣʴʥʘ ̫// ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2025. ʊ. 5, ˉ 3. ʉ. 54ï93. DOI 10.26516/2541-
9641.2025.3.54. EDN: ZLRYFT 

Article received: 21.07.2025; corrected: 16.08.2025; accepted: 19.09.2025. 
FOR CITATION: Kovalenko S.N. Geology the western coast of Lake Baikal in the vicinity of the Bolshaya and 

Malaya Kadilnaya valleys // Geology and Environment. 2025. Vol. 5, No. 3. P. 54ï93. DOI 10.26516/2541-
9641.2025.3.54. EDN: ZLRYFT 

complex of moderately alkaline granites and di-

orites and the Zhidoi formation of the Sharyzhal-

gai series of the Archean), as well as the Middle 

Jurassic continental alluvial deposits of the 

Baikal mountain facies, lacustrine-proluvial and 

slope formations of modern can be studied liter-

ally in one route. The complex of these 

https://doi.org/10.26516/2541-9641.2025.3.54
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formations gives a complete understending both 

the geology of the Southern Baikal region and 

Siberian platform ð its crystalline basement and 

sedimentary cover. 

The administrative center of the research area 

is the Bolshiye Koty village that is situated in a 

vast valley of rivers with the same name ï 

Bolshie Koty and Malye Koty Rivers (Fig. 1). In 

summer time, a hydrofoil vessel (Voskhod type) 

goes to it from Irkutsk, and in winter, a tempo-

rary automobile route runs along the ice of the 

lake. The beginning of the route is located along 

this trail at another 12 km on Bolshoi Kadilny 

Cape. Its length in one direction is about 4 km. 

 

Fig. 1. Waterway to the beginning of the route from Cape Bolshoi Kadilny to Cape Malyi Kadilny. 

ʈʠʩ. 1. ɺʦʜʥʳʡ ʧʫʪʴ ʢ ʥʘʯʘʣʫ ʤʘʨʰʨʫʪʘ ʩ ʤʳʩʘ ɹʦʣ. ʂʘʜʠʣʴʥʳʡ ʜʦ ʤ. ʄʘʣ. ʂʘʜʠʣʴʥʳʡ. 

The proposed route along the western coast of 

Lake Baikal at the interval between the mouths 

of the Chernaya and Malaya Kadilnaya rivers, in 

the vicinity of the Bolshie Koty village and Bol-

shoi and Malyi Kadilnyi capes of mountain-taiga 

has no roads except the one on the ice of Lake 

Baikal in winter time. 

In the northern part of the territory, there is 

the Primorsky Range that begins from the An-

gara River output at an altitude of 850ï950 m 

and stretches to the northeast, gradually rising to 

1050ï1130 m and acquiring an alpine character. 

It is the western shoulder of the South Baikal 

Depression. The highest altitude is represented 

by the Three-Headed Char with a height of 

1178.2 m (Chechet, 2025). Most of the ridge is 

located within the National Park "Reserved 

Baikal Region". 

The territory is seismic, earthquakes of 9-10 

points are possible. 

The main geological units of the route along 

the western coast of Lake Baikal in the vicinity 

of the Bolshaya and Malaya Kadilnaya river val-

leys can be seen in Figs 2 and 3. 
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Fig. 2. Overview geological scheme of the study area. 

1ï6 ï Quaternary formations. 1 ï modern link (alluvium of river beds; lacustrine, marsh, proluvial deposits ï 

sands, pebbles, loams, clays, boulders); 2 ï Upper Quaternary link (alluvium of the first terrace above the 

floodplain (8ï12 m); proluvial-deluvial and solifluction deposits ð sands, pebbles, sandy loams, loams, grav-

elly-clayey formations); 3 ï middle-upper Quaternary links (alluvium of the second terrace above the flood-

plain (12ï16 m); lacustrine, water-glacial and glacial deposits ï clays, loams, sandy loams, sands, pebbles, 

boulders, silts); 4 ï Middle Quaternary link (alluvium of the third (16ï20 m) and fourth (20ï32 m) terraces; 

lacustrine, water-glacial and glacial deposits ð sands, pebbles, clays, loams, sandy loams, gravel, block-

gravel-clay formations); 5 ï Lower Quaternary link (alluvium of the fifth (35ï45 m) terrace ï loams, sands, 

gravel, sandy loams, clays, pebbles, boulders); 6 ï Upper Pliocene ï Lower Quaternary link (alluvial and 

deluvial-alluvial deposits ï sands, sandy loams, pebbles, boulders, clastic material (brightly colored, shabby); 

at the base ï a zone of weathered bedrocks); 7 ï Neogene basalts; 8 ï Middle Jurassic continental deposits ï 

sandstones, siltstones, mudstones, conglomerates, coals; 9 ï Lower Cambrian marine and lagoon deposits 

(Usolye and Belaya formations) ï dolomites, limestones, anhydrites, rock salt layers, marls, carbonate brec-

cias, gypsums, flint lenses; 10 ï Vendian-Cambrian marine deposits (Irkutsk Formation ï dolomites, marls, 

limestones, siltstones, mudstones, sandstones, carbonate breccias, Ayana Formation ï clayey dolomites, silt-

stones, limestones); 11ï12 ï Vendian marine deposits: 11 ï Shaman Formation ï sandstones, siltstones, argil-

laceous dolomites, gravelites, conglomerates, Khuzhir Formation ï sandstones, gravelites, conglomerates, 

Kurtun Formation ï sandstones, siltstones, dolomites, Ushakovskaya Formation Upper Subformation ï 

polymictic sandstones, siltstones, argillaceous shales, conglomerates, lower subformation ï conglomerates, 

gravelites, polymictic sandstones, siltstones, greywackes; 12 ï Olkhinskaya Formation ï siltstones, mudstones, 

siliceous-carbonate rocks, dolomites, sandstones, at the base of breccia; 13ï15 ï Upper Proterozoic marine 

formations of the Baikal series: 13 ï Kachergat Formation ï argillaceous, argillaceous-aleuritic and aspic 

shales, quartz and feldspar-quartz sandstones, conglomerates, gravelites, marly limestones, 14 ï Uluntuy For-

mation ï clayey, silticeous, carbonaceous-argillaceous shales, mudstones, sandstones, gravelites, oncolite and 

stromatolite limestones, phosphorites; 15 ï Goloustnaya Formation ï quartz and feldspar-quartz sandstones, 
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conglomerates, gravelites, sandy-argillaceous schists, siltstones, dolomites and limestones with oncolites and 

stromatolites; 16 ï Lower Proterozoic formations of the Olkhon series, undissected ð gneisses, plagio-

gneisses, schists of various compositions, amphibolites, quartzites; 17 ï Archean Sharyzhalgai series undis-

sected ï biotite gneisses, amphiboles, crystal schists, amphibolites, migmatites; 18ï19 ï Early Proterozoic 

intrusions: 18 ï Shumikhinsky moderately alkaline intrusive-dike complex ï protoclastic, plagiomicrocline, 

leucocratic granites and porphyritic biotite and biotite-hornblende granodiorites, less often gneisogranites, 

granosyenites, pegmatites, 19 ï Primorsky complex ï porphyritic granites, often spectacular, alaskite, biotite, 

biotite-amphibole, gneisogranites, granodiorites; 20 ï Archean intrusions ï charnokites, plagiogranites, gran-

itogneisses; 21 ï thrusts; 22 ï reliable faults; 23 ï suspected faults; 24 ï stratigraphic inconsistencies; a) nor-

mal, b) with conglomerates at the base. 

ʈʠʩ. 2. ʆʙʟʦʨʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

1ï6 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 1 ï ʩʦʚʨʝʤʝʥʥʦʝ ʟʚʝʥʦ (ʘʣʣʶʚʠʡ ʨʫʩʝʣ ʨʝʢ; ʦʟʝʨʥʳʝ, ʙʦʣʦʪʥʳʝ, ʧʨʦ-

ʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ð ʧʝʩʢʠ, ʛʘʣʝʯʥʠʢʠ, ʩʫʛʣʠʥʢʠ, ʛʣʠʥʳ, ʚʘʣʫʥʥʠʢʠ); 2 ï ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʝ 

ʟʚʝʥʦ (ʘʣʣʶʚʠʡ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ (8ï12 ʤ); ʧʨʦʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʝ ʠ ʩʦʣʠʬʣʶʢʮʠ-

ʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ð ʧʝʩʢʠ, ʛʘʣʝʯʥʠʢʠ, ʩʫʧʝʩʠ, ʩʫʛʣʠʥʢʠ, ʱʝʙʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ); 3 ï 

ʩʨʝʜʥʝ-ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʝr ʟʚʝʥʴʷ (ʘʣʣʶʚʠʡ ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ (12ï16 ʤ); ʦʟʝʨʥʳʝ, 

ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʠ ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ð ʛʣʠʥʳ, ʩʫʛʣʠʥʢʠ, ʩʫʧʝʩʠ, ʧʝʩʢʠ, ʛʘʣʝʯʥʠʢʠ, ʚʘʣʫʥʥʠʢʠ, 

ʠʣʳ); 4 ï ʩʨʝʜʥʝʯʝʪʚʝʨʪʠʯʥʦʝ ʟʚʝʥʦ (ʘʣʣʶʚʠʡ ʪʨʝʪʴʝʡ (16ï20 ʤ) ʠ ʯʝʪʚʝʨʪʦʡ (20ï32 ʤ) ʪʝʨʨʘʩ; ʦʟʝʨʥʳʝ, 

ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʠ ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ð ʧʝʩʢʠ, ʛʘʣʝʯʥʠʢʠ, ʛʣʠʥʳ, ʩʫʛʣʠʥʢʠ, ʩʫʧʝʩʠ, ʛʨʘʚʠʡ, 

ʛʣrʙʦʚʦ-ʱʝʙʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ); 5 ï ʥʠʞʥʝʯʝʪʚʝʨʪʠʯʥʦʝ ʟʚʝʥʦ (ʘʣʣʶʚʠʡ ʧʷʪʦʡ (35ï45 ʤ) 

ʪʝʨʨʘʩʳ ð ʩʫʛʣʠʥʢʠ, ʧʝʩʢʠ, ʛʨʘʚʠʡ, ʩʫʧʝʩʠ, ʛʣʠʥʳ, ʛʘʣʝʯʥʠʢʠ, ʚʘʣʫʥʥʠʢʠ); 6 ï ʚʝʨʭʥʠʡ ʧʣʠʦʮʝʥ ð 

ʥʠʞʥʝʯʝʪʚʝʨʪʠʯʥʦʝ ʟʚʝʥʦ (ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʜʝʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ð ʧʝʩʢʠ, ʩʫʧʝʩʠ, 

ʛʘʣʝʯʥʠʢʠ, ʚʘʣʫʥʥʠʢʠ, ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ (ʷʨʢʦʦʢʨʘʰʝʥʥʳʝ, ʦʙʦʭʨʝʥʥʳʝ); ʚ ʦʩʥʦʚʘʥʠʠ ð ʟʦʥʘ ʚʳ-

ʚʝʪʨʝʣʳʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ); 7 ï ʥʝʦʛʝʥʦʚʳʝ ʙʘʟʘʣʴʪʳ; 8 ï ʩʨʝʜʥʝʶʨʩʢʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ð ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʫʛʣʠ; 9 ï ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʝ ʤʦʨʩʢʠʝ ʠ ʣʘʛʫʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ (ʫʩʦʣʴʩʢʘʷ ʠ ʙʝʣʴʩʢʘʷ ʩʚʠʪʳ) ð ʜʦʣʦʤʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʘʥʛʠʜʨʠʪʳ, ʧʣʘʩʪʳ ʢʘʤʝʥʥʦʡ ʩʦʣʠ, 

ʤʝʨʛʝʣʠ, ʙʨʝʢʯʠʠ ʢʘʨʙʦʥʘʪʥʳʝ, ʛʠʧʩʳ, ʣʠʥʟʳ ʢʨʝʤʥʝʡ; 10ï ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʝ ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ (ʠʨ-

ʢʫʪʩʢʘʷ ʩʚʠʪʘ ð ʜʦʣʦʤʠʪʳ, ʤʝʨʛʝʣʠ, ʠʟʚʝʩʪʥʷʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʙʨʝʢʯʠʠ ʢʘʨʙʦ-

ʥʘʪʥʳʝ, ʘʷʥʩʢʘʷ ʩʚʠʪʘ ð ʜʦʣʦʤʠʪʳ ʛʣʠʥʠʩʪʳʝ, ʘʣʝʚʨʦʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ); 11ï12 ï ʚʝʥʜʩʢʠʝ ʤʦʨʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ: 11 ï h ʘʤʘʥʩʢʘʷ ʩʚʠʪʘ ð ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʜʦʣʦʤʠʪʳ ʛʣʠʥʠʩʪʳʝ, ʛʨʘʚʝʣʠʪʳ, ʢʦʥʛʣʦ-

ʤʝʨʘʪʳ, ʭʫʞʠʨʩʢʘʷ ʩʚʠʪʘ ð ʧʝʩʯʘʥʠʢʠ, ʛʨʘʚʝʣʠʪʳ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʢʫʨʪʫʥʩʢʘʷ ʩʚʠʪʘ ð ʧʝʩʯʘʥʠʢʠ, 

ʘʣʝʚʨʦʣʠʪʳ, ʜʦʣʦʤʠʪʳ, ʫʰʘʢʦʚʩʢʘʷ ʩʚʠʪʘ ʚʝʨʭʥʷʷ ʧʦʜʩʚʠʪʘ ð ʧʝʩʯʘʥʠʢʠ ʧʦʣʠʤʠʢʪʦʚʳʝ, ʘʣʝʚʨʦʣʠʪʳ, 

ʩʣʘʥʮʳ ʛʣʠʥʠʩʪʳʝ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʥʠʞʥʷʷ ʧʦʜʩʚʠʪʘ ð ʢʦʥʛʣʦʤʝʨʘʪʳ, ʛʨʘʚʝʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ ʧʦʣʠʤʠʢ-

ʪʦʚʳʝ, ʘʣʝʚʨʦʣʠʪʳ, ʛʨʘʫʚʘʢʢʠ; 12 ï ʦʣʭʠʥʩʢʘʷ ʩʚʠʪʘ ð ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ, ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪ-

ʥʳʝ ʧʦʨʦʜʳ, ʜʦʣʦʤʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʚ ʦʩʥʦʚʘʥʠʠ ʙʨʝʢʯʠʠ; 13ï15 ï ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʤʦʨʩʢʠʝ ʦʙ-

ʨʘʟʦʚʘʥʠʷ ʙʘʡʢʘʣʴʩʢʦʡ ʩʝʨʠʠ: 13 ï ʢaʯʝʨʛʘʪʩʢʘʷ ʩʚʠʪʘ ð ʩʣʘʥʮʳ ʛʣʠʥʠʩʪʳʝ, ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦʚʳʝ ʠ 

ʘʩʧʠʜʥʳʝ, ʧʝʩʯʘʥʠʢʠ ʢʚʘʨʮʝʚʳʝ ʠ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʝ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʛʨʘʚʝʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ ʤʝʨ-

ʛʝʣʠʩʪʳʝ, 14 ï ʫʣʫʥʪʫʡʩʢʘʷ ʩʚʠʪʘ ð ʩʣʘʥʮʳ ʛʣʠʥʠʩʪʳʝ, ʘʣʝʚʨʠʪʦʚʳʝ, ʢʨʝʤʥʠʩʪʳʝ, ʫʛʣʝʨʦʜʠʩʪʦ-ʛʣʠ-

ʥʠʩʪʳʝ, ʘʨʛʠʣʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʛʨʘʚʝʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ ʦʥʢʦʣʠʪʦʚʳʝ ʠ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ, ʬʦʩʬʦʨʠʪʳ; 

15 ï ʛʦʣʦʫʩʪʝʥʩʢʘʷ ʩʚʠʪʘ ð ʧʝʩʯʘʥʠʢʠ ʢʚʘʨʮʝʚʳʝ ʠ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʝ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʛʨʘʚʝʣʠʪʳ, 

ʩʣʘʥʮʳ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ, ʘʣʝʚʨʦʣʠʪʳ, ʜʦʣʦʤʠʪʳ ʠ ʠʟʚʝʩʪʥʷʢʠ ʩ ʦʥʢʦʣʠʪʘʤʠ ʠ ʩʪʨʦʤʘʪʦʣʠʪʘʤʠ; 16 ï 

ʥʠʞʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʣʴʭʦʥʩʢʦʡ ʩʝʨʠʠ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ð ʛʥʝʡʩʳ, ʧʣʘʛʠʦʛʥʝʡʩʳ, 

ʩʣʘʥʮʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʘʤʬʠʙʦʣʠʪʳ, ʢʚʘʨʮʠʪʳ; 17 ï ʘʨʭʝʡʩʢʘʷ ʰʘʨʳʞʘʣʛʘʡʩʢʘʷ ʩʝʨʠʷ ʥʝʨʘʩʯʣʝ-

ʥʝʥʥʘʷ ð ʛʥʝʡʩʳ ʙʠʦʪʠʪʦʚʳʝ, ʘʤʬʠʙʦʣʦʚʳʝ, ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʳ, ʘʤʬʠʙʦʣʠʪʳ, ʤʠʛʤʘʪʠʪʳ; 18ï19 ï ʨʘʥ-

ʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʠʥʪʨʫʟʠʠ: 18 ï ʰʫʤʠʭʠʥʩʢʠʡ ʫʤʝʨʝʥʥʦ ʱʝʣʦʯʥʦʡ ʠʥʪʨʫʟʠʚʥʦ-ʜʘʡʢʦʚʳʡ ʢʦʤʧʣʝʢʩ 

ð ʧʨʦʪʦʢʣʘʩʪʠʯʝʩʢʠʝ, ʧʣʘʛʠʦʤʠʢʨʦʢʣʠʥʦʚʳʝ, ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʳ ʠ ʛʨʘʥʦʜʠʦʨʠʪʳ ʧʦʨʬʠʨʦʚʠʜ-

ʥʳʝ ʙʠʦʪʠʪʦʚʳʝ ʠ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ, ʨʝʞʝ ʛʥʝʡʩʦʛʨʘʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ, ʧʝʛʤʘʪʠʪʳ, 19 ï 

ʧʨʠʤʦʨʩʢʠʡ ʢʦʤʧʣʝʢʩ ð ʛʨʘʥʠʪʳ ʧʦʨʬʠʨʦʚʠʜʥʳʝ, ʥʝʨʝʜʢʦ ʦʯʢʦʚʳʝ, ʘʣʷʩʢʠʪʦʚʳʝ, ʙʠʦʪʠʪʦʚʳʝ, ʙʠʦ-

ʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʝ, ʛʥʝʡʩʦʛʨʘʥʠʪʳ, ʛʨʘʥʦʜʠʦʨʠʪʳ; 20 ï ʘʨʭʝʡʩʢʠʝ ʠʥʪʨʫʟʠʠ ð ʯʘʨʥʦʢʠʪʳ, ʧʣʘʛʠʦʛʨʘ-

ʥʠʪʳ, ʛʨʘʥʠʪʦʛʥʝʡʩʳ; 21 ï ʥʘʜʚʠʛʠ; 22 ï ʨʘʟʣʦʤʳ ʜʦʩʪʦʚʝʨʥʳʝ; 23 ï ʨʘʟʣʦʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ; 24 ï 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʥʝʩʦʛʣʘʩʠʷ; ʘ) ʥʦʨʤʘʣʴʥʳʝ, ʙ) ʩ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ. 
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From 1842 to 1969, there was gold mining in 

this area. Placers were developed along the river 

valleys of the western coast of Lake Bolshiye 

and Malye Koty, Bolshaya and Malaya Sennaya. 

For 51 years of mining in this area, 10 poods of 

gold 12 pounds, 52 zolotniks, 42 shares were 

mined (Around Baikal... 2001), i.e. 168 kg 943 g 

and 888 mg. 

 

Fig. 3. Geological structure of the western coast of Lake Baikal in the vicinity of the Bolshie Koty 

village. Modified after (Geological map..., 1964). 

1 ï Quaternary alluvial deposits; 2ï3 ï continental alluvial Jurassic deposits of the Baikal mountain facies: 2 ï Taltsine 

formation: sandstones, siltstones, mudstones, 3 ï Dabata formation: conglomerates with sandstone interlayers; 4ï7 ï 

Baikal Riphean Marine Series: 4 ï Upper Riphean Kachergat Formation Upper Subformation: argillaceous-siltstone 

schists, siltstone-sandstones, slates, sandstones, limestones, 5 ï Upper Riphean Kachergat Formation Lower subfor-

mation: sandstones, mudstones, carbonaceous shales, conglomerates, 6 ï Middle Upper Riphean Uluntuy Formation: 

algal and stromatolite weakly marbled limestones and dolomites, phyllites, 7 ï Middle Riphean Golousten Formation: 

quartz sandstones, dolomitic weakly marbled limestones, phyllites; 8 ï Archean highly metamorphosed Sharyzhalgai 

series, Yiddish formation: biotite, garnet-biotite gneisses, granitogneisses; 9 ï Late Eriphean Nersinsky gabbro-dolerite 

dike complex; 10ï12 ï Early Proterozoic Shumikhinsky moderately alkaline intrusive-dike complex: 10 ï dikes of peg-

matites and aplites of the second phase, 11 ï leucogranites of the second phase, 12 ï monzonite-diorites of the first phase; 

13 ï reliable and assumed faults; 14 ï thrusts; 15 ï thrusts under the waters of Lake Baikal; 16 ï places of collection of 

flora residues. 

ʈʠʩ. 3. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʦʩ. ɹʦʣ. ʂʦʪʳ 

(ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ..., 1964, ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʜʦʧʦʣʥʝʥʠʷʤʠ). 

1 ï ʯʝʪʚʝʨʪʠʯʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ; 2ï3 ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʙʘʡʢʘʣʴ-

ʩʢʦʡ ʛʦʨʥʦʡ ʬʘʮʠʠ: 2 ï ʪʘʣʴʮʠʥʩʢʘʷ ʩʚʠʪʘ: ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ, 3 ï ʜʘʙʘʪʩʢʘʷ ʩʚʠʪʘ: ʢʦʥʛʣʦʤʝʨʘʪʳ 

ʩ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ; 4ï7 ï ʙʘʡʢʘʣʴʩʢʘʷ ʨʠʬʝʡʩʢʘʷ ʤʦʨʩʢʘʷ ʩʝʨʠʷ: 4 ï ʚʝʨʭʥʝʨʠʬʝʡʩʢʘʷ ʢaʯʝʨʛʘʪʩʢʘʷ ʩʚʠʪʘ 

ʚʝʨʭʥʷʷ ʧʦʜʩʚʠʪʘ: ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʦʣʠʪʦʚʳʝ ʩʣʘʥʮʳ, ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʠ, ʘʩʧʠʜʥʳʝ ʩʣʘʥʮʳ, ʧʝʩʯʘʥʠʢʠ, ʠʟ-

ʚʝʩʪʥʷʢʠ, 5 ï ʚʝʨʭʥʝʨʠʬʝʡʩʢʘʷ ʢaʯʝʨʛʘʪʩʢʘʷ ʩʚʠʪʘ ʥʠʞʥʷʷ ʧʦʜʩʚʠʪʘ: ʧʝʩʯʘʥʠʢʠ, ʘʨʛʠʣʣʠʪʳ, ʫʛʣʝʨʦʜʠʩʪʳʝ ʛʣʠ-

ʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʢʦʥʛʣʦʤʝʨʘʪʳ, 6 ï ʩʨʝʜʥʝ-ʚʝʨʭʥʝʨʠʬʝʡʩʢʘʷ ʫʣʫʥʪʫʡʩʢʘʷ ʩʚʠʪʘ: ʚʦʜʦʨʦʩʣʝʚʳʝ ʠ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ 

ʩʣʘʙʦʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ, ʬʠʣʣʠʪʳ, 7 ï ʩʨʝʜʥʝʨʠʬʝʡʩʢʘʷ ʛʦʣʦʫʩʪʝʥʩʢʘʷ ʩʚʠʪʘ: ʢʚʘʨʮʝʚʳʝ 

ʧʝʩʯʘʥʠʢʠ, ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʩʣʘʙʦʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʬʠʣʣʠʪʳ; 8 ï ʘʨʭʝʡʩʢʘʷ ʚʳʩʦʢʦʤʝʪʘʤʦʨʬʠ-

ʟʦʚʘʥʥʘʷ ʰʘʨʳʞʘʣʛʘʡʩʢʘʷ ʩʝʨʠʷ, ʞʠʜʦʡʩʢʘʷ ʩʚʠʪʘ: ʙʠʦʪʠʪʦʚʳʝ, ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʝ ʛʥʝʡʩʳ, ʛʨʘʥʠʪʦʛʥʝʡʩʳ; 9 ï 

ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʡ ʥʝʨʩʠʥʩʢʠʡ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚʳʡ ʜʘʡʢʦʚʳʡ ʢʦʤʧʣʝʢʩ; 10ï12 ï ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʰʫʤʠʭʠʥ-

ʩʢʠʡ ʫʤʝʨʝʥʥʦ ʱʝʣʦʯʥʦʡ ʠʥʪʨʫʟʠʚʥʦ-ʜʘʡʢʦʚʳʡ ʢʦʤʧʣʝʢʩ: 10 ï ʜʘʡʢʠ ʧʝʛʤʘʪʠʪʦʚ ʠ ʘʧʣʠʪʦʚ ʚʪʦʨʦʡ ʬʘʟʳ, 11 ï 
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ʣʝʡʢʦʛʨʘʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ, 12 ï ʤʦʥʮʦʥʠʪ-ʜʠʦʨʠʪʳ ʧʝʨʚʦʡ ʬʘʟʳ; 13 ï ʨʘʟʣʦʤʳ ʜʦʩʪʦʚʝʨʥʳʝ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ; 

14 ï ʥʘʜʚʠʛʠ; 15 ï ʥʘʜʚʠʛʠ ʧʦʜ ʚʦʜʘʤʠ ɹʘʡʢʘʣʘ; 16 ï ʤʝʩʪʘ ʩʙʦʨʦʚ ʦʩʪʘʪʢʦʚ ʬʣʦʨʳ. 

Stratigraphy 

Stratigraphic formations in this area show 
rocks of the Archean, Proterozoic acrotem, Ju-
rassic and Quaternary systems. 

Archean Acrotem (AR) Sharyzhalgai Se-

ries 
Archean deposits are observed along the Pri-

morsky Ridge from the village of Listvyanka in 
a northerly direction and end 5ï6 km along the 
shore from the Bolshie Koty village. In the vicin-
ity of the village there is a small clip of outcrops 
of these rocks to the west of the village (Ar-
chaean rocks). Fig. 3). 

Mid -Upper Riphean (RF2-3) (?) Baikal se-

ries 

Goloustnaya Formation RF2gl 
It is composed of interbedded weakly meta-

morphosed quartz sandstones, dolomites, lime-
stones, conglomerates, and gravelites. Outcrops 
of the formation's rocks are widespread in the 
area of the village of Bolshoe Goloustnoye. 

Uluntuy Formation RF2-3ul 
In the lower part of the formation section, silt-

stones and argillaceous schists prevail with thin 
interlayers and lenses of dark-gray limestones, 
quartz sandstones, talc-carbonate and carbona-
ceous schists. In the middle part, there is 

essentially carbonate, composed of algal lime-
stones and dolomites, among which thin layers 
of talc-carbonate schists occasionally appear. In 
the Malaya Kadilnaya valley, in the section of 
organogenic limestone and dolomite, stromato-
lites and microphytolites of the middle-late 
Riphean age (Figs 4ï8) were found, such as 
Conophyton garganicus Kor., Conophyton ca-
dilnicus Kor., Jacutophyton ramosum Schap., 
Baicalia baicalica Kryl, as well as stratum stro-
matolites and microphytolites. The Upper 
Uluntui unit contains 19 forms of stromatolites. 
In the Kurtun and Goloustnaya, there are stro-
matolites ɺ. ʛʘʛʘ Semikh, Microphytoliths 
Osagia columnata Reitl., O. tschaica Yak., O. 
undosa Reitl, as well as microfossils Leio-
sphaeridia div. sp., Leiominuscula sp., ʪ ʐʳ
taedrixium pntulai (Rud.) ʠ ʜʨ. (Geological 
map..., 1962; Dolnik, Nikolsky, 1962). 

The formations are not sustained along strike 
and have variable facies. The maximum thick-
ness of the formation in this area does not exceed 
400 m. Terrigenous rocks of the Uluntui for-
mation have oligomictic or quartz composition. 
Horizontal and wavy layering, breccia-like and 
organogenic textures are widespread in these 
rocks. 

 

Fig. 4. Outcrops of stromatolite limestones of the Middle Riphean Uluntui formation at the mouth of 

the Malaya Kadilnaya valley, site 33-081, photo 1275pan. 

ʈʠʩ. 4. ʆʙʥʘʞʝʥʠʷ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʫʣʫʥʪʫʡʩʢʦʡ ʩʚʠʪʳ ʩʨʝʜʥʝʛʦ ʨʠʬʝʷ ʚ ʫʩʪʴʝ 

ʧʘʜʠ ʄʘʣʘʷ ʂʘʜʠʣʴʥʘʷ, ʪ.ʥ. 33-08, ʬʦʪʦ 1275ʧʘʥ. 

                                                 
1 For each observation point there is a hyperlink where you can download a file indicating its location on the satellite 

image in the Google Earth program. If you want to download and view all the observation points and tracks mentioned 
in the article at once using the MapSource program, then you need to download this file kad2025.gdb. 

 

file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/33-08.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/33-08.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/kad2025.gdb
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Fig. 5. The surface of the strata (roof) of the limestone layer of the Uluntui formation, emphasized by 

the upper parts of the columns of stromatolites of Conophyton cadilnicus Kor., site 49-09. photo 1380. 

ʈʠʩ. 5. ʇʦʚʝʨʭʥʦʩʪʴ ʥʘʧʣʘʩʪʦʚʘʥʠʷ (ʢʨʦʚʣʷ) ʩʣʦʷ ʠʟʚʝʩʪʥʷʢʦʚ ʫʣʫʥʪʫʡʩʢʦʡ ʩʚʠʪʳ, ʧʦʜʯʝʨʢʥʫʪʘʷ 

ʚʝʨʭʥʠʤʠ ʯʘʩʪʷʤʠ ʩʪʦʣʙʠʢʦʚ ʩʪʨʦʤʘʪʦʣʠʪʦʚ Conophyton cadilnicus Kor., ʪ.ʥ. 49-09. ʬʦʪʦ 1380. 

 

Fig. 6. Close-up surface of strata of stromatolite limestone, fragment of Fig. 5, photo 1381. 

ʈʠʩ. 6. ʇʦʚʝʨʭʥʦʩʪʴ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʢʨʫʧʥʳʤ ʧʣʘʥʦʤ, ʬʨʘʛʤʝʥʪ 

ʨʠʩ. 5, ʬʦʪʦ 1381. 

file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/49-09.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/49-09.kmz
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Fig. 7. Structure of stromatolite columns in the vertical plane, site 33b, photo 1388. 

ʈʠʩ. 7. ʉʪʨʦʝʥʠʝ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʩʪʦʣʙʠʢʦʚ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪ.ʥ. 33b, ʬʦʪʦ 1388. 

 

Fig. 8. Limestone outcrop of the Uluntui formation, left side of the estuary part of the Malaya Kadilnaya 

valley, view to the northeast, photo 1982-84. 

ʈʠʩ. 8. ʆʙʥʘʞʝʥʠʝ ʠʟʚʝʩʪʥʷʢʦʚ ʫʣʫʥʪʫʡʩʢʦʡ ʩʚʠʪʳ, ʣʝʚʳʡ ʙʦʨʪ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʧʘʜʠ ʄʘʣ. 

ʂʘʜʠʣʴʥʘʷ, ʚʠʜ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʬʦʪʦ 1982-84. 

file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/33в.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/33в.kmz
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Kachergat Formation RF3kļ 

The deposits of the formation are generally 

consistent on the rocks of the Uluntui Formation, 

and only in some areas (Cape Bolshoy Kadilny) 

at the base of the formation are lenses of basal 

gravelites and conglomerates, the pebbles of 

which are represented by the rocks of the Uluntui 

Formation. 

The formation is divided into two subfor-

mations. Lower (RF3kļ1) it is represented by 

sandstones, siltstones, mudstones and carbona-

ceous schists. The thickness of the subformation 

varies from 286 to 820 m. 

Upper subformation (RF3 kļ2) is composed of 

polymictic sandstones (Figs 9ï10), carbona-

ceous-argillaceous schists, siltstones, and mud-

stones with rare interlayers of conglomerates and 

dolomites. The subformation is as thick as 647 

m. 

Rocks of the lower subformation show micro-

fossils: Leiosphacridia div. sp., Pterospermopsi-

morpha div. sp., Nucellosphacra sp., N. mar-

ginata Fajz. et Stan, and others. In the rocks of 

the upper part of the section of the upper subfor-

mation, in addition to the forms established in the 

lower subformation, there are microfossils 

Aducta sibirica Fajz., Bailicania div. sp., Mi-

crhystridium div. sp. ʪ ʦʲ. (Geological 

map..., 1962; Dolnik, Nikolsky, 1962). 

Rocks of the formation occur in the area of the 

Devil's Most tract, located about 7ï8 km from 

the Bolshie Koty village to the east or in the vi-

cinity of the cardoon at Cape Bolshoi Censer. 

Late Riphean microfossils occur in outcrops of 

the formation along the Goloustnaya River. 

 

 

Fig. 9. Coarse-grained sandstone of the Kachergat formation, site 41-09, photo 1359. 

ʈʠʩ. 9. ʇʝʩʯʘʥʠʢ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʢaʯʝʨʛʘʪʩʢʦʡ ʩʚʠʪʳ, ʪ.ʥ. 41-09, ʬʦʪʦ 1359. 

file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/41-09.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/41-09.kmz
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Fig. 10. Wave-breaking signs in sandstones of the Kachergat formation, photo 1363a. 

ʈʠʩ. 10. ɺʦʣʥʦʧʨʠʙʦʡʥʳʝ ʟʥʘʢʠ ʚ ʧʝʩʯʘʥʠʢʘʭ ʢaʯʝʨʛʘʪʩʢʦʡ ʩʚʠʪʳ, ʬʦʪʦ 1363ʘ. 

 

Jurassic conglomerates J 

Jurassic deposits have been well studied 

(Skoblo et al., 2001; Akulov et al., 2015). These 

are observed on the coast of Lake Baikal and on 

the Primorsky Ridge within the Angara-Ko-

tinsky depression and belong to the Dabat 

Taltsine, and Koty formations (Fig. 11). 

In the Bolshie and Malye Koty area, Jurassic 

deposits are overthrusted by Precambrian rocks 

along the system of gentle displacements of the 

Angara thrust. 

Deposits of the Dabat Formation are repre-

sented by alluvial terrigenous rocks: conglomer-

ates, less often by rare interlayers of coarse-

grained sandstones and siltstone-argillites. The 

latter, as a rule, are accompanied by thin beds of 

brown coal. The conglomerates are dominated 

by pebbles of volcanic rocks ðporphyries. Flint 

and quartz pebbles are less common. Granites, 

crystalline schists, and other rocks are rare (Fig. 

19). Density of conglomerates varies from loose 

to very dense. A cement of loose conglomerates 

is sandy-argillaceous. A cement of dense con-

glomerates is argillaceous-carbonate and argilla-

ceous-carbonate-sandy. Sandstones are polymic-

tic, various-grained, relatively loose, yellow, 

with a greenish tint, light gray to white, gray, 

without any clear separation. 

The Taltsine Formation within the study area 

is also composed of conglomerates, but with a 

higher content of rare sandstone interlayers (Fig. 

11) with plant remains of the Middle Jurassic 

epoch: Ginkgo sibirica Heer; Sphenobaiera; Co-

niopteris; Equisetites; Czekanwskia ʠ ʜʨ. Sand-

stones are light gray, sometimes bluish-gray, 

greenish-gray and yellowish-cream. 

 

https://doi.org/10.7868/S0869592X15040043
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Fig. 11. Scheme of division and correlation of Jurassic sediment sections in the Angara-Koty depression 

(I ï central, II ï piedmont parts of the depression) after (Shurygin and Ankudimova, 1981). 

ʈʠʩ. 11. ʉʭʝʤʘ ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʢʦʨʨʝʣ̫ʮʠʠ ʨʘʟʨʝʟʦʚ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ɸʥʛʘʨʦ-ʂʦʪʠʥʩʢʦʡ ʚʧʘ-

ʜʠʥʝ (I ï ʮʝʥʪʨʘʣɹ ʥʘʷ, II ï ʧʨʝʜʛʦʨʥʘʷ ʯʘʩʪʠ ʚʧʘʜʠʥʳ) (ʐʫʨʳʛʠʥ, ɸʥʢʫʜʠʤʦʚʘ, 1981). 
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Fig. 12. Plant remains of Middle Jurassic age in coastal outcrops of the left bank of the Irkutsk Reservoir 

(Kovalenko et al., 2023). 
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ʈʠʩ. 12. ʈʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʩʨʝʜʥʝʶʨʩʢʦʡ ʵʧʦʭʠ ʚ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʣʝʚʦʛʦ ʙʝʨʝʛʘ ʀʨ-

ʢʫʪʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2023). 

 

Quartz and feldspars predominate in sand-

stone fragments, fragments of siliceous and sili-

ceous-micaceous rocks are present in smaller 

quantities. Plates of colorless mica are noted. Po-

tassium feldspars and plagioclases are slightly 

altered. Fragments is of mainly semicircular, an-

gular-rounded, less often angular shape. Silt-

stone (0.01ï0.1 mm) to sandy (0.1ï1.0 mm) ma-

terial predominates. Gravel grains up to 2.2 mm 

in size occur also. Clastic material is up to 80 % 

of a cement that usually cosistts of chlorite, less 

often kaolinite (light-colored varieties). 

Outcrops of Jurassic conglomerates with 

gravelite and sandy cement are observed along 

the shore of Lake Baikal at the interval of the 

Great Baikal Trail from the Bolshie Koty village 

to the Devil's Bridge tract, where outcrops are as 

high as 30 m (Figs 13ï15). 

 

 

ʈʠʩ. 13. ʆʙʥʘʞʝʥʠʝ ʶʨʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʥʘ ʙʝʨʝʛʫ ʦʟ. ɹʘʡʢʘʣ ʥʝʜʘʣʝʢʦ ʦʪ ʧʦʩ. ɹʦʣ. ʂʦʪʳ. 

Fig. 13. Jurassic conglomerate outcrop on the shore of Lake Baikal near the Bolshie Koty village. 

 

Fig. 14. Outcrop of Jurassic conglomerates of the Skriper rock, photo 1329a. 
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ʈʠʩ. 14. ʆʙʥʘʞʝʥʠʝ ʶʨʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʩʢʘʣʴʥʠʢʘ ʉʢʨʠʧʝʨ, ʬʦʪʦ 1329ʘ. 

 
Fig. 15. Fissured cherry pebbles of trachydacite-rhyolite composition in the Jurassic conglomerates of 

the Bolshiye Koty area, site 25-08, photo 1344 (Mongush et al., 2023). 

ʈʠʩ. 15. ʊʨʝʱʠʥʦʚʘʪʳʝ ʚʠʰʥʝʚʳʝ ʛʘʣʴʢʠ ʪʨʘʭʘʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʶʨʩʢʠʭ ʢʦʥʛʣʦʤʝ-

ʨʘʪʘʭ ʨʘʡʦʥʘ ɹʦʣʴʰʠʭ ʂʦʪʦʚ, ʪ.ʥ. 25-08, ʬʦʪʦ 1344 (ʄʦʥʛʫʰ ʠ ʜʨ., 2023). 

 

Fig. 16. Statistical petrographic sampling of pebbles from Jurassic conglomerates at Skriper, site 38-09 

(Kovalenko et al., 2023). 

file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/25-08.kmz
https://doi.org/10.26516/2541-9641.2023.4.51
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/25-08.kmz
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ʈʠʩ. 16. ʆʪʙʦʨ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʙʳ ʛʘʣʝʢ ʠʟ ʶʨʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʥʘ ʛ. 

ʉʢʨʠʧʝʨ, ʪ.ʥ. 38-09 (ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2023). 

 

Jurassic conglomerates on the coast of Lake 

Baikal are an accumulation of well-rounded peb-

bles of various composition and size in sand-

stones of the type described above (Figs 17ï18), 

which forms a cement of basal-type conglomer-

ates. The average size of pebbles is 3ï8 cm, but 

some pebbles reach 30 cm in diameter (Figs 17ï

18). In conglomerates, there are many (up to 70 

%) pebbles of acid porphyry of various shades of 

cherry color (Fig. 18). There are also pebbles of 

granites such as alaska and, rarely, quartzite, 

gneiss, and quartz. 

 

Fig. 17. Terrace-like weathering forms of Jurassic conglomerates on a slope of Lake Baikal. Three ter-

races of approximately equal height are observed. View from site 25-08. 

ʈʠʩ. 17. ʌʦʨʤʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʶʨʩʢʦʡ ʩʠʩʪʝʤʳ, ʧʦʜʯʝʨʢʠʚʘʶʱʠʝ ʪʝʨʨʘʩʠʨʦʚʘʥ-

ʥʦʩʪʴ ʩʢʣʦʥʘ ɹʘʡʢʘʣʘ. ʍʦʨʦʰʦ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʪʝʨʨʘʩʳ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ ʚʳʩʦʪʳ. ɺʠʜ ʩ ʪ.ʥ. 25-

08. 

 

Conglomerates are distributed mainly along 

the boundary of Jurassic deposits, apparently in-

dicating the proximity of the latter to the border 

of the Jurassic sedimentary basin. Conglomer-

ates occur in the coastal strip of Lake Baikal, 

where they form thick strata with rare interlayers 

of sandstones, and where the pebbles of con-

glomerates are much larger than in the areas lo-

cated to the west, i.e. in inner potion of the Sibe-

rian platform. This change indicates the direction 

of material transfer from east to west. 
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ʈʠʩ. 18. ʂʦʥʛʣʦʤʝʨʘʪ ʩ ʢʨʫʧʥʳʤ ʚʘʣʫʥʦʤ ʥʘ ʩʢʘʣʴʥʠʢʝ ʉʢʨʠʧʝʨ ʚ ʪ.ʥ. 38-09, ʬʦʪʦʛʨʘʬʠʷ 1894, 

2009 ʛ. (ʘ) ʠ çʧʣʘʚʘʶʱʠʝ ʛʘʣʴʢʠè ʚ ʢʦʥʛʣʦʤʝʨʘʪʝ, ʪ.ʥ. 25-08 (ʢʦʦʨʜʠʥʘʪʳ: 51.89847Á ʩ. ʰ., 

105.14131Á ʚ. ʜ.), ʬʦʪʦʛʨʘʬʠʷ 1342ʘ (ʙ). ʅʘ ʬʦʪʦʛʨʘʬʠʠ ʙ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʛʘʣʴʢʠ ʵʬʬʫʟʠʚ-

ʥʳʭ ʧʦʨʦʜ ʩʨʝʜʥʝʛʦ-ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ (ʆʣʠʬʝʨʦʚʩʢʠʡ ʠ ʜʨ., 2022). 

Fig. 18. A conglomerate with a large boulder on the Skriper cliff in site 38-09, photograph 1894, 2009 

(a) and ñfloating pebblesò in a conglomerate, in site 25-08 (N51.89847Á, E105.14131Á), photograph 

1342a (ʙ). Arrows in photo ʙ show pebbles of effusive rocks of intermediate-silicic composition (Olif-

erovsky et al., 2022). 
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The fact that in the Jurassic time the introduc-

tion of coarse-clastic material was transferred 

mainly from the eastern and northern territories 

of the Baikal region, and not from the southwest 

and west, is evidenced by occurence in the 

Jurassic of pebbles of Proterozoic quartz porphy-

ries (subvolcanic rocks) (Fig. 19). The presence 

of these pebbles makes it possible to unmistaka-

bly distinguish Jurassic conglomerates from 

older ones in the field. 

 

Fig. 19. Petrographic composition of Jurassic pebbles at various observation points of the western coast 

of Lake Baikal (Kovalenko et al., 2023). 1 ï on a pebble beach near the mouth of Abuneeva Falls, 2ï3 

ï from outcrops of Jurassic conglomerates: 2 ï in the Bolshie Kotov area (Fig. 13), 3 ï on Skriper cliff 

(Figs 14, 16); 4 ï Manzurka alluvium (N2-QE mn) in the Bolshoe Goloustnoe. 

ʈʠʩ. 19. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʶʨʩʢʠʭ ʛʘʣʝʢ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʥʘʙʣʶʜʝʥʠʷ ʟʘʧʘʜʥʦʛʦ ʧʦ-

ʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ (ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2023). 1 ï ʥʘ ʛʘʣʝʯʥʦʤ ʧʣʷʞʝ ʚ ʨʘʡʦʥʝ ʫʩʪʴʷ ʧʘʜʠ ɸʙʫʥʝʝʚʘ, 

2ï3 ï ʠʟ ʦʙʥʘʞʝʥʠʡ ʶʨʩʢʦʛʦ ʢʦʥʛʣʦʤʝʨʘʪʘ: 2 ï ʚ ʨʘʡʦʥʝ ɹʦʣ. ʂʦʪʦʚ (ʨʠʩ. 13), 3 ï ʥʘ ʫʪʸʩʝ ʉʢʨʠʧʝʨ 

(ʨʠʩ. 14, 16); 4 ï ʤʘʥʟʫʨʩʢʦʛʦ ʘʣʣʶʚʠʷ (N2ïQE mn) ʚ ʨʘʡʦʥʝ ɹʦʣ. ɻʦʣʦʫʩʪʥʦʛʦ. 
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Fig. 20. Devil's Bridge on the Seagull Cliff of Jurassic conglomerates. 

ʈʠʩ. 20. ʏʝʨʪʦʚ ʄʦʩʪ ʥʘ ʏʘʷʯʴʝʤ ʋʪʝʩʝ ʶʨʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. 

 

Sandstones and siltstones with interlayers of 

brown coal in the Jurassic deposits are wide-

spread on the inner part of the Siberian platform, 

much west of Lake Baikal, where there are out-

crops suitable for study on the left bank of the 

Irkutsk reservoir near the dam. 

Jurassic sediments are slightly dislocated. The 

angles of incidence of them are no more than 

15Á. They lie sharply transgressively on sedi-

ments of all ages from the Archean to the Cam-

brian. Steeply diping Jurassic deposits are ob-

served near the Angara thrust, 6 km downstream 

of the Angara River from its source (on the right 

bank) and in the vicinity of the Bolshie Koty 

village (Fig. 2) placed vertically or even over-

turned. 

Quaternary sediments Q 

Among Quaternary deposits, there are lacus-

trine, eluvial, deluvial, proluvial, colluvial de-

posits, composed of boulders, pebbles, sands, 

clays, sand-gravel loose material and make up 

beds, floodplains, alluvial cones of numerous 

valleys and terraces of Lake Baikal coast. On the 

upper parts of the Primorsky Ridge, glacial for-

mations occur. 

On the shore of Lake Baikal, sediments often 

bear traces of frost processes (Figs 21ï27). 
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Fig. 21. Inflows of loose clayey material from the lower horizon. Deluvial-nival deposits (d-gQP) of the 

alluvial cone of the Solontsov valley, site 30-09, 22-15, photo 1262. 

ʈʠʩ. 21. ɺʪʝʢʠ ʨʳʭʣʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʥʠʞʥʝʛʦ ʛʦʨʠʟʦʥʪʘ. ɼʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴʥʳʝ ʦʪ-

ʣʦʞʝʥʠʷ (d-gQP) ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ, ʪ.ʥ. 30-09, 22-15, ʬʦʪʦ 1262. 

 

Fig. 22. Deformed layers of proluvial material on the shore of Lake Baikal, site 30-09, 22-15, photo 

1267. 

ʈʠʩ. 22. ɼʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʣʦʠ ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʙʝʨʝʛʫ ɹʘʡʢʘʣʘ, ʪ.ʥ. 30-09, 22-15, 

ʬʦʪʦ 1267. 
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Fig. 23. A pocket sinkhole in the loose rocks of the deluvial-nival deposits of the alluvial cone of the 

Solontsov valley, formed on the site of an ice vertical dike, site 30-09, 22-15, photo 1286. 

ʈʠʩ. 23. ʇʨʦʚʘʣ-ʢʘʨʤʘʥ ʚ ʨʳʭʣʳʭ ʧʦʨʦʜʘʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʢʦʥʫʩʘ ʚʳʥʦʩʘ 

ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʤʝʩʪʝ ʣʝʜʷʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʘʡʢʠ, ʪ.ʥ. 30-09, 22-15, ʬʦʪʦ 

1286. 

 

Fig. 24. Overlapping of deluvial-nival deposits with modern deluvial material, site 30-09, 22-15, photo 

1289. 

ʈʠʩ. 24. ʇʝʨʝʢʨʳʪʠʝ ʜʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʤʠ ʜʝʣʶʚʠʘʣʴʥʳʤʠ, ʪ.ʥ. 

30-09, 22-15, ʬʦʪʦ 1289. 
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Fig. 25. Landslide deformations in loose rocks of deluvial-nival deposits of the alluvial cone of the 

Solontsov valley, fragment of Fig. 32, photo 1297. 

ʈʠʩ. 25. ʆʧʦʣʟʥʝʚʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʳʭʣʳʭ ʧʦʨʦʜʘʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʢʦʥʫʩʘ 

ʚʳʥʦʩʘ ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ, ʬʨʘʛʤʝʥʪ ʨʠʩ. 32, ʬʦʪʦ 1297. 

 

Fig. 26. A large fragment of porphyritic granite in loose deluvial-nival deposits of the alluvial cone of 

the Solontsov valley, site 30-09, 22-15, photo 1300. 

ʈʠʩ. 26. ʂʨʫʧʥʳʡ ʦʙʣʦʤʦʢ ʧʦʨʬʠʨʦʚʠʜʥʦʛʦ ʛʨʘʥʠʪʘ ʚ ʨʳʭʣʳʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴʥʳʭ ʦʪʣʦʞʝ-

ʥʠʷʭ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ, ʪ.ʥ. 30-09, 22-15, ʬʦʪʦ 1300. 
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Fig. 27. Character of loose deposits of proluvial cone outcrops. 

a ï proluvial sediments (pQP) of the Solontsov head cone; ʙ ï brittle deformations in loose rocks of 

dealluvial-nival deposits of the Solontsov head cone; ʚ ï dip pocket in loose rocks of dealluvial-nival 

deposits of the Solontsov head cone, formed on the site of an ice vertical dike; ʛ ï oblique foliation in 

loose rocks of dealluvial-nival deposits of the Solontsov removal cone; ʜ ï ditch pocket in loose rocks 

of dealluvial-nival deposits of the Solontsov removal cone, formed at the place of the ice vertical dike; 

ʝ ï lake sediments (pebbles) at the base of the proluvial removal cone of the Malaya Kadilova Pad. 

Kadilnaya. 

ʈʠʩ. 27. ʍʘʨʘʢʪʝʨ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ. 

ʘ ï ʧʨʦʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ (pQP) ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ; ʙ ï ʭʨʫʧʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʳʭ-

ʣʳʭ ʧʦʨʦʜʘʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ; ʚ ï ʧʨʦʚʘʣ-ʢʘʨʤʘʥ ʚ 

ʨʳʭʣʳʭ ʧʦʨʦʜʘʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ 

ʥʘ ʤʝʩʪʝ ʣʝʜʷʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʜʘʡʢʠ; ʛ ï ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ ʚ ʨʳʭʣʳʭ ʧʦʨʦʜʘʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ; ʜ ï ʧʨʦʚʘʣ-ʢʘʨʤʘʥ ʚ ʨʳʭʣʳʭ ʧʦʨʦʜʘʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʥʠʚʘʣʴ-

ʥʳʭ ʦʪʣʦʞʝʥʠʡ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʉʦʣʦʥʮʦʚʘ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʥʘ ʤʝʩʪʝ ʣʝʜʷʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʜʘʡʢʠ; ʝ ï ʦʟʝʨʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʛʘʣʝʯʥʠʢ) ʚ ʦʩʥʦʚʘʥʠʠ ʧʨʦʣʶʚʠʘʣʴʥʦʛʦ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʄʘʣ. ʂʘ-

ʜʠʣʴʥʘʷ. 
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Magmatic complexes 

Magmatic intrusives are observed mainly in 

the Sharyzhalgai uplift of the Siberian platform 

basement (Fig. 1), where the Late Archean ultra-

metamorphic gneiss-granite Kitoi and the Early 

Proterozoic Shumikhinsky (previously described 

as Primorial) alkaline complex of granites and 

granodiorites have been recognized. Within the 

study area, the former complex is not observed, 

and the latter is represented by three, clearly sep-

arable intrusion phases (Figs 28ï30) from por-

phyritic and uniform-grained fine-grained gran-

ites to granodiorites and pegmatites with sharp 

boundaries. In the first phase, displayed in the 

area to the west, small intrusions of diorites were 

formed. The second phase includes medium- and 

coarse-grained, often porphyritic biotite, horn-

blende and biotite-hornblende granites and gran-

odiorites, rarely pegmatites, and the third phase 

includes fine- and medium-grained biotite, am-

phibole-biotite and leucocratic granites. 

Veins of quartz-microcline pegmatites make 

up small-shaped and lenticular-vein bodies from 

0.2ï0.3 cm to 2 m thick. 

 

Fig. 28. Relationship between various intru-

sive phases of the Early Proterozoic 

Shumikhinsky complex in the vicinity of Bol-

shie Koty. Sketch of a block. 

1 ï xenoliths of biotitized amphibolites; 2 ï subalka-

line granodiorites and porphyritic granites of the first 

phase; 3 ï granite-pegmatites and pegmatites of the 

second phase (daikovo-vein); 4 ï two-mica fine-me-

dium-grained and aplite granites of the third phase. 

ʈʠʩ. 28. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʥ-

ʪʨʫʟʠʚʥʳʭ ʬʘʟ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʰʫ-

ʤʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ɹʦʣ. 

ʂʦʪʦʚ. ɿʘʨʠʩʦʚʢʘ ʛʣʳʙʳ. 

1 ï ʢʩʝʥʦʣʠʪʳ ʙʠʦʪʠʪʠʟʠʨʦʚʘʥʥʳʭ ʘʤʬʠʙʦʣʠʪʦʚ; 

2 ï ʩʫʙʱʝʣʦʯʥʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʧʦʨʬʠʨʦʚʠʜ-

ʥʳʝ ʛʨʘʥʠʪʳ ʧʝʨʚʦʡ ʬʘʟʳ; 3 ï ʛʨʘʥʠʪ-ʧʝʛʤʘʪʠʪʳ 

ʠ ʧʝʛʤʘʪʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ (ʜʘʡʢʦʚʦ-ʞʠʣʴʥʦʡ); 4 ï 

ʜʚʫʩʣʶʜʷʥʳʝ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʠ ʘʧʣʠʪʦ-

ʚʳʝ ʛʨʘʥʠʪʳ ʪʨʝʪʴʝʡ ʬʘʟʳ. 

 

Fig. 29. Varieties of the main magmatic phases of the Early Proterozoic Primorsky complex. 

a ï porphyritic granodiorite; b ï interaction of porphyritic granodiorite with porphyritic granite; c ï relationship 

of fine-grained granites with porphyritic granodiorite; d ï porphyritic granite. 
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ʈʠʩ. 29. ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʘʟ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʧʨʠʤʦʨʩʢʦʛʦ ʢʦʤ-

ʧʣʝʢʩʘ. 

ʘ ï ʧʦʨʬʠʨʦʚʠʜʥʳʡ ʛʨʘʥʦʜʠʦʨʠʪ; ʙ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʨʬʠʨʦʚʠʜʥʦʛʦ ʛʨʘʥʦʜʠʦʨʠʪʘ ʩ ʧʦʨʬʠʨʦʚʠʜ-

ʥʳʤ ʛʨʘʥʠʪʦʤ; ʚ ï ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʛʨʘʥʠʪʦʚ ʩ ʧʦʨʬʠʨʦʚʠʜʥʳʤ ʛʨʘʥʦʜʠʦʨʠʪʦʤ; ʛ ï 

ʧʦʨʬʠʨʦʚʠʜʥʳʡ ʛʨʘʥʠʪ. 

 
Fig. 30. Veins of the Early Proterozoic Shumikhinsky complex. 

a ï xenolith of amphibolite along the basic rock in porphyritic granodiorite of the Early Proterozoic maritime 

complex, additionally broken by veins of the same granodiorites; ʙ ï vein of block granite pegmatite with 

amphibole; ʚ-ʛ ï veins of granite pegmatite. 
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ʈʠʩ. 30. ɾʠʣʳ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʰʫʤʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʘ ï ʢʩʝʥʦʣʠʪ ʘʤʬʠʙʦʣʠʪʘ ʧʦ ʦʩʥʦʚʥʦʡ ʧʦʨʦʜʝ ʚ ʧʦʨʬʠʨʦʚʠʜʥʦʤ ʛʨʘʥʦʜʠʦʨʠʪʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦ-

ʨʚʘʥʥʳʡ ʞʠʣʘʤʠ ʪʝʭ ʞʝ ʛʨʘʥʦʜʠʦʨʠʪʦʚ; ʙ ï ʞʠʣʘ ʙʣʦʢʦʚʦʛʦ ʛʨʘʥʠʪʥʦʛʦ ʧʝʛʤʘʪʠʪʘ ʩ ʘʤʬʠʙʦʣʦʤ; ʚïʛ ï 

ʞʠʣr ʛʨʘʥʠʪʥʦʛʦ ʧʝʛʤʘʪʠʪʘ. 

Tectonic structure 

The area under consideration is situated at the 

junction between the basement of the Siberian 

platform and its cover. Tectonic deformations 

developed in a wide time range from the Archean 

to the present, at least 3.5 billion years. Three 

structural levels ï the Archean-Early Proterozoic 

metamorphological-magmatic basement of the 

Siberian platform, weakly deformed sedimen-

tary cover, and Cenozoic Baikal rift unit ï are 

distinguished in the vicinity of the Bolshie Koty 

village (Fig. 31). Structures of the sedimentary 

cover are subdivided into folded Riphean and 

horizontally lying continental Middle Jurassic 

sedimentary units. 

 

Fig. 31. Tectonic scheme of the western coast of Lake Baikal in the vicinity of the Bolshie Koty village 

(Geological map..., 1964). 

1ï2 ï 1st Archean-Early Proterozoic metamorpho-magmatic structural-material floor. Crystalline basement of the Sibe-

rian platform: 1 ï migmatized structures of the granulite-charnokite Yiddish formation of the Archean Sharyzhalgai series, 

2 ï moderately alkaline Early Proterozoic intrusions of the Shumikhinsky complex; 3ï4 ï 2nd structural-material floor. 

Sedimentary cover of the Siberian platform: 3 ï folded Riphean stage composed of sedimentary marine rocks of the 

Baikal Middle Upper Riphean series, 4 ï dikes of the Late Eriphean Nersinsky gabbro-dolerite complex; 5 ï Jurassic 

structural-material stage (Angara-Kotinsky intermontane depression) with gently occurring continental sedimentary rocks 

of the Dabata and Taltsine formations; 6 ï 3rd structural-material floor ï Cenozoic, vaulted, Baikal-rift; 7 ï axes of 

anticlinal linear folds; 8 ï axes of synclinal linear folds; 9 ï long axes of brachyanticlines; 10 ï long axes of brachysyn-

clines; 11 ï faults; 12 ï Angara thrust; 13 ï Obruchevsky fault; 14ï16 ï bedding of layering: 14 ï inclined, 15 ï vertical, 

16 ï overturned. 
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The following structures are marked with numbers in the circles: 1 ï Kadilninskaya anticline, 2 ï Malokadilninskaya 

syncline, 3 ï Verkhne-Undun-Davanskaya syncline, 4 ï Bolshekadilninskaya anticline, 5 ï Obruchevsky fault, 6 ï 

Krestovskaya brachysyncline, 7 ï Cheremshanskaya brachyanticline, 8 ï Kotinskaya brachysyncline. 

ʈʠʩ. 31. ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʭʝʤʘ ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟ. ɹʘʡʢʘʣ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʦʩ. ɹʦʣ. ʂʦʪʳ 

(ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ..., 1964). 

1ï2 ï 1-ʡ ʘʨʭʝʡʩʢʦ-ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʤʝʪʘʤʦʨʬʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʡ ʵʪʘʞ. ʂʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ: 1 ï ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʫʣʠʪ-ʯʘʨʥʦʢʠʪʦʚʦʡ ʞʠʜʦʡ-

ʩʢʦʡ ʩʚʠʪʳ ʘʨʭʝʡʩʢʦʡ ʰʘʨʳʞʘʣʛʘʡʩʢʦʡ ʩʝʨʠʠ, 2 ï ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʝ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʠʥʪʨʫʟʠʠ ʰʫʤʠ-

ʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 3ï4 ï 2-ʡ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʡ ʵʪʘʞ. ʆʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ: 3 ï 

ʩʢʣʘʜʯʘʪʳʡ ʨʠʬʝʡʩʢʠʡ ʷʨʫʩ ʩʣʦʞʝʥʥʳʡ ʦʩʘʜʦʯʥʳʤʠ ʤʦʨʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʙʘʡʢʘʣʴʩʢʦʡ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʨʠʬʝʡʩʢʦʡ 

ʩʝʨʠʠ, 4 ï ʜʘʡʢʠ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦʛʦ ʥʝʨʩʠʥʩʢʦʛʦ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ; 5 ï ʶʨʩʢʠʡ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝ-

ʩʪʚʝʥʥʳʡ ʷʨʫʩ (ɸʥʛʘʨʦ-ʂʦʪʠʥʩʢʘʷ ʤʝʞʛʦʨʥʘʷ ʚʧʘʜʠʥʘ) ʩ ʧʦʣʦʛʦ ʟʘʣʝʛʘʶʱʠʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ ʜʘʙʘʪʩʢʦʡ ʠ ʪʘʣʴʮʠʥʩʢʦʡ ʩʚʠʪ; 6 ï 3-ʡ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʡ ʵʪʘʞ ð ʢʘʡʥʦʟʦʡʩʢʠʡ, ʩʚʦʜʦʚʳʡ, 

ʙʘʡʢʘʣʦ-ʨʠʬʪʦʚʳʡ; 7 ï ʦʩʠ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʣʠʥʝʡʥʳʭ ʩʢʣʘʜʦʢ; 8 ï ʦʩʠ ʩʠʥʢʣʠʥʘʣʴʥʳʭ ʣʠʥʝʡʥʳʭ ʩʢʣʘʜʦʢ; 9 ï 

ʜʣʠʥʥʳʝ ʦʩʠ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʝʡ; 10 ï ʜʣʠʥʥʳʝ ʦʩʠ ʙʨʘʭʠʩʠʥʢʣʠʥʘʣʝʡ; 11 ï ʨʘʟʣʦʤʳ; 12 ï ɸʥʛʘʨʩʢʠʡ ʥʘʜʚʠʛ; 13 

ï ʆʙʨʫʯʝʚʩʢʠʡ ʩʙʨʦʩ; 14ï16 ï ʟʘʣʝʛʘʥʠʝ ʩʣʦʠʩʪʦʩʪʠ: 14 ï ʥʘʢʣʦʥʥʦʝ, 15 ï ʚʝʨʪʠʢʘʣʴʥʦʝ, 16 ï ʦʧʨʦʢʠʥʫʪʦʝ. 

ʎʠʬʨʘʤʠ ʚ ʢʨʫʞʢʘʭ ʦʪʤʝʯʝʥʳ ʩʪʨʫʢʪʫʨʳ: 1 ï ʂʘʜʠʣʴʥʠʥʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ, 2 ï ʄʘʣʦʢʘʜʠʣʴʥʠʥʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ, 

3 ï ɺʝʨʭʥʝ-ʋʥʜʫʥ-ɼʘʚʘʥʩʢʘʷ ʩʠʥʢʣʠʥʘʣʴ, 4 ï ɹʦʣʴʰʝʢʘʜʠʣʴʥʠʥʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ, 5 ï ʆʙʨʫʯʝʚʩʢʠʡ ʩʙʨʦʩ, 6 ï 

ʂʨʝʩʪʦʚʩʢʘʷ ʙʨʘʭʠʩʠʥʢʣʠʥʘʣʴ, 7 ï ʏʝʨʝʤʰʘʥʩʢʘʷ ʙʨʘʭʠʘʥʪʠʢʣʠʥʘʣʴ, 8 ï ʂʦʪʠʥʩʢʘʷ ʙʨʘʭʠʩʠʥʢʣʠʥʘʣʴ. 

Archean-Early Proterozoic basement of the Si-
berian platform 

The Archean complexes are exposed within 

the Sharyzhalgai tectonic block (Fig. 1) ï the Si-

berian platform basement. The rocks were af-

fected by metamorphism under conditions of 

granulite and amphibolite facies. These are bio-

tite-hypersthen gneisses with layers of amphi-

bole and biotite-sillimanite schists and rare 

lenses of marbles and quartzites. These rocks oc-

cur as small xenoliths within Proterozoic gran-

ites. The granitoids of the Shumikhinsky com-

plex are characterized by moderate alkalinity and 

form linear-elongated massifs located along 

large faults of long-term development, therefore 

they are strongly affected by dynamometamor-

phism with the formation of various tectonites 

(Fig. 33) up to the development of spectacled 

blastomylonites (Fig. 32). 

 

Fig. 32. Spectacled blastomylonite with large feldspar porphyroblasts. 

ʈʠʩ. 32. ʆʯʢʦʚʳʡ ʙʣʘʩʪʦʤʠʣʦʥʠʪ ʩ ʢʨʫʧʥʳʤʠ ʧʦʨʬʠʨʦʙʣʘʩʪʘʤʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. 
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Fig. 33. Ocal and ocal-striped blastomylonite (a, ʙ) and kakiritization of Shumikhinsky granites (ʚ). 

ʈʠʩ. 33. ʆʯʢʦʚʳʡ ʠ ʦʯʢʦʚʦ-ʧʦʣʦʩʯʘʪʳʡ ʙʣʘʩʪʦʤʠʣʦʥʠʪ (ʘ, ʙ) ʠ ʢʘʢʠʨʠʪʠʟʘʮʠʷ ʰʫʤʠʭʠʥʩʢʠʭ ʛʨʘ-

ʥʠʪʦʚ (ʚ). 

Rephean and Jurasic units of sedimentary 
cover of the Siberian platform 

The Riphean formations of the sedimentary 

Baikal series are involved in complex unevenly 

manifested folded deformations (Figs 34ï35), 

sometimes accompanying thrust structures (Fig. 

36). 

 

Fig. 34. Geological section after (Prytula et al., 1962). 

1 ï conglomerates, 2 ï gravelites, 3 ï sandstones of different grains, 4 ï siltstones and mudstones, 5 ï clayey 

carbonaceous shales, 6 ï variegated shales, 7 ï calcareous schists, 8 ï limestones, 9 ï dolomites, 10 ï car-

bonate-quartz rocks, 11 ï quartzites, 12 ï granites, 13 ï observation points and lines of dip of strata in the 

section. 

ʈʠʩ. 34. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ (ʇʨʠʪʫʣʘ ʠ ʜʨ., 1962). 

1 ï ʢʦʥʛʣʦʤʝʨʘʪʳ, 2 ï ʛʨʘʚʝʣʠʪʳ, 3 ï ʧʝʩʯʘʥʠʢʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ, 4 ï ʘʣʝʚʨʦʣʠʪʳ ʠ ʘʨʛʠʣʣʠʪʳ, 5 ï 

ʩʣʘʥʮʳ ʛʣʠʥʠʩʪʳʝ ʫʛʣʠʩʪʳʝ, 6 ï ʩʣʘʥʮʳ ʧʝʩʪʨʦʮʚʝʪʥʳʝ, 7 ï ʩʣʘʥʮʳ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ, 8 ï ʠʟʚʝʩʪʥʷʢʠ, 9 
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ï ʜʦʣʦʤʠʪʳ, 10 ï ʢʘʨʙʦʥʘʪʥʦ-ʢʚʘʨʮʝʚʳʝ ʧʦʨʦʜʳ, 11 ï ʢʚʘʨʮʠʪʳ, 12 ï ʛʨʘʥʠʪʳ, 13 ï ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ 

ʠ ʣʠʥʠʠ ʧʘʜʝʥʠʷ ʧʣʘʩʪʦʚ ʥʘ ʨʘʟʨʝʟʝ. 

 

Fig. 35. The section in the area of the Malaya Cheremshanka valley after (Prytula et al., 1962). 

1 ï alaskite granites, coarse-grained; 2 ï quartzite-like sandstones and gravelites are light, at the end of the 

interval there is a five-meter layer of gray schist sandstones; 3 ï black finely fragmented clayey shales; 4 ï 

silicified dolomite, dark gray, with thin layers of dark clayey shale; 5 ï quartzite-like (confluent) dark-gray 

and brown quartz sandstones; 6 ï dark limestone with clayey shales; 7 ï alternation of crimson and yellowish-

green siltstone schists, silicified; 8 ï dark thin-bedded limestone with oolitic interlayers; 9 ï green well-bedded, 

fine-grained sandstones and siltstones; 10 ï dark crystalline limestones. 

ʈʠʩ. 35. ʈʘʟʨʝʟ ʚ ʨʘʡʦʥʝ ʧʘʜʠ ʄʘʣ. ʏʝʨʝʤʰʘʥʢʘ (ʧʦ ʇʨʠʪʫʣʘ ʠ ʜʨ., 1962). 

1 ï ʘʣʷʩʢʠʪʦʚʳʝ ʛʨʘʥʠʪʳ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ; 2 ï ʢʚʘʨʮʠʪʦʚʠʜʥʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʛʨʘʚʝʣʠʪʳ ʩʚʝʪʣʳʝ, ʚ 

ʢʦʥʮʝ ʠʥʪʝʨʚʘʣʘ ʧʷʪʠʤʝʪʨʦʚʳʡ ʧʣʘʩʪ ʩʝʨʳʭ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ; 3 ï ʯʝʨʥʳʝ ʤʝʣʢʦʦʩʢʦʣʴʯʘ-

ʪʳʝ ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ; 4 ï ʜʦʣʦʤʠʪʳ ʦʢʨʝʤʥʝʥʥʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ, ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʪʝʤʥʳʭ ʛʣʠ-

ʥʠʩʪʳʭ ʩʣʘʥʮʝʚ; 5 ï ʢʚʘʨʮʠʪʦʚʠʜʥʳʝ (ʩʣʠʚʥʳʝ) ʪʝʤʥʦ-ʩʝʨʳʝ ʠ ʙʫʨʳʝ ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʘʥʠʢʠ; 6 ï ʠʟʚʝʩʪ-

ʥʷʢʠ ʪʝʤʥʳʝ ʩ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ; 7 ï ʯʝʨʝʜʦʚʘʥʠʝ ʤʘʣʠʥʦʚʳʭ ʠ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʭ ʘʣʝʚʨʠʪʦʚʳʭ 

ʩʣʘʥʮʝʚ, ʦʢʚʘʨʮʦʚʘʥʥʳʭ; 8 ï ʪʝʤʥʳʝ ʪʦʥʢʦʩʣʦʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʦʦʣʠʪʦʚʳʤʠ ʧʨʦʩʣʦʷʤʠ; 9 ï ʟʝʣʝʥʳʝ 

ʯʝʪʢʦʩʣʦʠʩʪʳʝ, ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ; 10 ï ʪʝʤʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠʟʚʝʩʪʥʷʢʠ. 

 

Fig. 36. Geological structure of the Semeniha (Ozerko) valley area after (Mazukabzov, Sizykh, 1987). 

1 ï modern sediments; 2-6 ï Upper Riphean: 2 ï sandstones, siltstones with interbeds of oncolithic limestones 

of the Uluntu Formation, 3 ï dolomites of the middle sub-formation of the Goloustnaya Formation, 4 ï clay-

carbonate mottled shales of the lower part of the Goloustnaya Formation, 5 ï basal creamy dolomites and 

siltstones of the Goloustnaya Formation, 6 ï gneissogranites; 7 ï elements of occurrence (a ï layering, ʙ ï 

cleavage, ʚ ï banding); 8 ï orientation of joints of minor folds; 9 ï thrusts; 10 ï observation points of the 

authors of the article. 
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ʈʠʩ. 36. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʘʡʦʥʘ ʧʘʜʠ ʉʝʤʝʥʠʭʘ (ʆʟʝʨʢʦ) (ʄʘʟʫʢʘʙʟʦʚ, ʉʠʟʳʭ, 1987). 

1 ï ʩʦʚʨʝʤʝʥʥʳʝ ʦʩʘʜʢʠ; 2ï6 ï ʚʝʨʭʥʠʡ ʨʠʬʝʡ: 2 ï ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ ʩ ʧʨʦʩʣʦʷʤʠ ʦʥʢʦʣʠʪʦʚʳʭ 

ʠʟʚʝʩʪʥʷʢʦʚ ʫʣʫʥʪʫʡʩʢʦʡ ʩʚʠʪʳ, 3 ï ʜʦʣʦʤʠʪʳ ʩʨʝʜʥʝʡ ʧʦʜʩʚʠʪʳ ʛʦʣʦʫʩʪʝʥʩʢʦʡ ʩʚʠʪʳ, 4 ï ʛʣʠʥʠʩʪʦ-

ʢʘʨʙʦʥʘʪʥʳʝ ʧʝʩʪʨʳʝ ʩʣʘʥʮʳ ʥʠʟʦʚ ʛʦʣʦʫʩʪʝʥʩʢʦʡ ʩʚʠʪʳ, 5 ï ʙʘʟʘʣʴʥʳʝ ʢʨʝʤʦʚʳʝ ʜʦʣʦʤʠʪʳ ʠ ʘʣʝʚ-

ʨʦʣʠʪʳ ʛʦʣʦʫʩʪʝʥʩʢʦʡ ʩʚʠʪʳ, 6 ï ʛʥʝʡʩʦʛʨʘʥʠʪʳ; 7ï ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ (ʘ ï ʩʣʦʠʩʪʦʩʪʠ, ʙ ï ʢʣʠʚʘʞʘ, 

ʚ ï ʧʦʣʦʩʯʘʪʦʩʪʠ); 8 ï ʦʨʠʝʥʪʠʨʦʚʢʘ ʰʘʨʥʠʨʦʚ ʤʝʣʢʠʭ ʩʢʣʘʜʦʢ; 9 ï ʥʘʜʚʠʛʠ; 10 ï ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ 

ʘʚʪʦʨʦʚ ʩʪʘʪʴʠ. 

 

The formation of the folds took place under 

conditions of a single tectonic regime within the 

zone of long-term basement subsidence at the 

edge of the platform in the zone of the Baikal 

marginal pericratonic subsidence or marginal 

trough. The sedimentary strata of the stage are 

characterized by a low degree of metamorphism 

and are dislocated in the folds of the northeastern 

strike. The folds are asymmetrical, with gentle 

southeastern and steeper northwestern wings, of-

ten thrown back to the northwest in the side of 

the platform. On the tectonic scheme, the folds 

are distinguished: Malokadilninskaya syncline, 

Kadilninskaya and Bolshekadilninskaya anti-

clines (Fig. 31). 

Through geometric analysis, folding of the 

Riphean complex, fine folding, kink zones, 

cleavage, slip mirrors and faults, vein igneous 

complexes (granite-pegmatites, pegmatites, 

quartz veins, etc.), and ancient stress fields are 

deciphered (Fig. 37). Normal and inverted fold 

wings, the location of synclines and anticlines 

are determined from the main cleavage; by 

oblique layering, ripple and ripple signs stromat-

olites ï the roof and bottom of sedimentary lay-

ers. 

 

Fig. 37. Geometrical analysis of the structures of the Baikal complex on the Wolfe stereographic grid. 

The measurements were made along the Baikal western coast in the interval of the mouths of the Nizh-

nyaya and Malaya Kadilnaya mouthes (Kovalenko et al., 2023). 

1ï6 ï isolines of layering occurrence according to 100 measurements with concentrations: 1 ï over 5 %, 2 ï 

5ï4 %, 3 ï 4ï3 %, 4 ï 3ï2 %, 5 ï 2ï1 %, 6 ï less than 1 %; 7 ï joints of the main folds of the 1st generation 

(synsedimentary); 8 ï joints of the main folds of the 2nd generation; 9 ï joints of additional folds of the 1st 

generation; 10 ï joints of additional folds of the 2nd generation; 11 ï concentration trajectories of layering 

measurements. 
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ʈʠʩ. 37. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨ ʙʘʡʢʘʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʝ 

ɺʫʣʴʬʘ. ɿʘʤʝʨʳ ʧʨʦʠʟʚʝʜʝʥʳ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ɹʘʡʢʘʣʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʫʩʪʠʡ ʧʘʜʝʡ ʅʠʞʥʷʷ 

ʠ ʄʘʣ. ʂʘʜʠʣʴʥʘʷ (ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2023). 

1ï6 ï ʠʟʦʣʠʥʠʠ ʟʘʣʝʛʘʥʠʷ ʩʣʦʠʩʪʦʩʪʠ ʧʦ 100 ʠʟʤʝʨʝʥʠʷʤ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ: 1 ï ʙʦʣʝʝ 5 %, 2ï 5ï4 %, 3 

ï 4ï3 %, 4 ï 3ï2 %, 5 ï 2ï1 %, 6 ï ʤʝʥʝʝ 1 %; 7 ï ʰʘʨʥʠʨʳ ʛʣʘʚʥʳʭ ʩʢʣʘʜʦʢ 1-ʡ ʛʝʥʝʨʘʮʠʠ (ʩʠʥʩʝʜʠ-

ʤʝʥʪʘʮʠʦʥʥʳʝ); 8 ï ʰʘʨʥʠʨʳ ʛʣʘʚʥʳʭ ʩʢʣʘʜʦʢ 2-ʡ ʛʝʥʝʨʘʮʠʠ; 9 ï ʰʘʨʥʠʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʢʣʘʜʦʢ 

1-ʡ ʛʝʥʝʨʘʮʠʠ; 10 ï ʰʘʨʥʠʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʢʣʘʜʦʢ 2-ʡ ʛʝʥʝʨʘʮʠʠ; 11 ï ʪʨʘʝʢʪʦʨʠʠ ʧʦʷʩʦʚ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʟʘʤʝʨʦʚ ʩʣʦʠʩʪʦʩʪʠ. 

Through geometric analysis of layering ele-

ments in the area, parameters of the main folds 

of the Baikal Riphean complex was determined. 

At the same time, it is revealed that the folds of 

the first generation (F0) are synsedimentary i.e. 

resulted from sliding of sedimentary strata down 

the continental slope in the Riphean time. Tec-

tonic folds of the second generation (F1) are 

those, turn-ups, formed in connection with 

movements along the thrust planes parallel to the 

Angara thrust. The dividing line of the direction 

of movement, determined by the hinges of the 

folds of the turn-ups, is 173Á. The time of move-

ment is post-Jurassic. It was proposed that "Tec-

tonic, thrust deformations occurred about 250 

million years after the synsedimentary ones" 

(Mazukabzov et al., 2006, p. 233). 

Elements of the Riphean strata occur far from 

the Angara thrust (Kachergat, Uluntuy, and 

Goloustnaya formations) along the shore of Lake 

Baikal in the interval between the mouths of the 

river valleys Malaya Kadilnaya and Semenikha 

(Ozerki) on the spherogram (Fig. 38) form the 

same northwestern belt of the great circle, but 

with slightly different parameters: the hinge of 

the main synsedimentary folds has an abundance 

of 255Á, the angle of the burial is 12Á. The axial 

plane is inclined at an angle of 82Á north-north-

west along the az. 343Á. The shape of the folds is 

the same, asymmetrical, with fairly gentle (60Á) 

northwestern wings (maximum pS1) and steep 

(80Á) south-east (maximum pS2). 

 

Fig. 38. Geometrical analysis of the structures of the Baikal complex on the Wolfe stereographic grid. 

The measurements were made along the Baikal coast in the interval of the mouths of the Mal'kadilnaya 

and Semenikha gorges. 

1 ï isolines of the layering occurrence based on 70 measurements taken at 8 %, 6 %, 4 %, 2 %, and 1 %; 2 ï 

joint of the main folds of the 1st generation (synsedimentary); 3 ï graphical projection of the axial plane of the 

main folds; 4 ï joints of additional folds of the 1st generation; 5 ï gnomological projections; 6 ï trajectory of 

concentration belts of layering measurements. 
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ʈʠʩ. 38. ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨ ʙʘʡʢʘʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʝʪʢʝ 

ɺʫʣʴʬʘ. ɿʘʤʝʨʳ ʧʨʦʠʟʚʝʜʝʥʳ ʚʜʦʣʴ ʙʝʨʝʛʘ ɹʘʡʢʘʣʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʫʩʪʠʡ ʧʘʜʝʡ ʄʘʣ. ʂʘʜʠʣʴʥʘʷ ʠ 

ʉʝʤʝʥʠʭʘ. 

1 ï ʠʟʦʣʠʥʠʠ ʟʘʣʝʛʘʥʠʷ ʩʣʦʠʩʪʦʩʪʠ ʧʦ 70 ʠʟʤʝʨʝʥʠʷʤ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ 8 %, 6 %, 4 %, 2 % ʠ 1 %; 2 ï 

ʰʘʨʥʠʨ ʛʣʘʚʥʳʭ ʩʢʣʘʜʦʢ 1-ʡ ʛʝʥʝʨʘʮʠʠ (ʩʠʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ); 3 ï ʛʨʘʤʤʘʧʨʦʝʢʮʠʷ ʦʩʝʚʦʡ ʧʣʦʩʢʦʩʪʠ 

ʛʣʘʚʥʳʭ ʩʢʣʘʜʦʢ; 4 ï ʰʘʨʥʠʨʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʢʣʘʜʦʢ 1-ʡ ʛʝʥʝʨʘʮʠʠ; 5 ï ʛʥʦʤʦʧʨʦʝʢʮʠʠ; 6 ï 

ʪʨʘʝʢʪʦʨʠʷ ʧʦʷʩʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʝʨʦʚ ʩʣʦʠʩʪʦʩʪʠ. 

The Jurassic sedimentary strata is composed 

of deposits that, in terms of lithological and fa-

cial features, correspond to intracontinental type 

of lacustrine-river coal-bearing formations. They 

infill  the Angara-Koty intermontane depression 

at the southeastern end of the large Sayan pied-

mont trough. The Angara-Koty depression has a 

sublatitudinal orientation, stretching from the 

sources of the Angara to the basin of the Bolshie 

Koty River valley. directions with angles of inci-

dence from subhorizontal to 10ï20Á. Within the 

study area, V.N. Novokshonov defined the Koty 

brachysyncline and the Cheremshanka 

brachyanticline. He inferred that "the Koty bra-

chysyncline is a basin elongated in the north-

west direction, more than 20 km long and 4 to 6 

km wide. In the inner part of the basin, there is a 

slight uplift with a height of 50ï100 m with the 

Riphean formations. The thickness of the Juras-

sic deposits in some places decreases to 100ï150 

m, while within the basins it is about 500 m. 

The structure of the Angara-Koty depression 

in the Late Mesozoic and Cenozoic is largely 

complicated by discontinuities and is divided 

into blocks that are unevenly vertically displaced 

relative to each other. The discontinuities are ac-

companied by asymmetrical fault folds, which 

are most intensively manifested in the zone of the 

Angara thrust." 

In the Bolshie Koty area, Jurassic conglomer-

ates and the Archean-Early Proterozoic for-

mations on the surface of the Angara thrust are 

brought into contact (Fig. 39). The thrust is a ge-

ological monument. It is observed not far from 

the village on the watershed mane, called Scallop 

by the locals, in a narrow saddle. When ap-

proaching it, Proterozoic biotite-hornblende 

granodiorites, quartz syenites are intensively cat-

aclased, and along the thrust front there is a a se-

ries of scales that arch upwards and are well pre-

pared on the exposed slope of the ridge. Their 

soles have low-power milonite zones. The main 

zone of the Angara thrust is represented by cata-

clasites and mylonites up to 20 m thick. The ori-

entation of the layering of sandstones indicates 

the turn-up of the strata, up to overturning. 

 

Fig. 39. Exit of the Angara thrust on the left watershed of the Bolshiye Koty valley after (Danilovich, 

1941). 

1 ï granites; 2 ï Mylonites; 3 ï conglomerates; 4 ï sandstone interlayers; 5 ï tucked layering of conglomerates; 

6 ï contacts between scales; 7 ï thrust surface; 8 ï V.N. Danilovich's observation sites. 

ʈʠʩ. 39. ɺʳʭʦʜ ɸʥʛʘʨʩʢʦʛʦ ʥʘʜʚʠʛʘ ʥʘ ʣʝʚʦʤ ʚʦʜʦʨʘʟʜʝʣʝ ʧʘʜʠ ɹʦʣɹh ʠʝ ʂʦʪʳ (ɼʘʥʠʣʦʚʠʯ, 1941). 

1 ï ʛʨʘʥʠʪ;r 2 ï ʤʠʣʦʥʠʪʳ; 3 ï ʢʦʥʛʣʦʤʝʨʘʪ;r 4 ï ʧʨʦʩʣʦʠ ʧʝʩʯʘʥʠʢʘ; 5 ï ʧʦʜʚʝʨʥʫʪʘʷ ʩʣʦʠʩʪʦʩʪʴ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ; 6 ï ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʯʝʰʫʷʤʠ; 7 ï ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʜʚʠʛʘ; 8 ï ʪʦʯʢʠ ʥʘʙʣʶʜʝʥʠʷ ɺ.ʅ. ɼʘ-

ʥʠʣʦʚʠʯʘ. 
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The continuation of the thrust is traced 100 m 

to the west of the mouth of the Varnachka valley, 

where near the thrust plane there is a well-dis-

played cleavage subparallel to the displacement, 

in both allochthon and autochthon. In conglom-

erates and granites, a series of well-defined 

cracks parallel to the thrust plane, covering the 

volume of rocks up to hundreds of meters from 

the displacement, develops equally strongly. At 

the displacement zone, brown ochre tectonic 

friction clay, dark gray mylonites and tectonic 

breccia develop ð the entire set of dynamomet-

amorphic rocks is observed in the interval of one 

or two meters. In the underlying Jurassic con-

glomerates, layering is well established along 

two thin sandstone interlayers, 30 and 40 m from 

the displacement zone. Near the surface of the 

thrust, the conglomerates are fragmented, layer-

by-layer breakdowns and fine folding of the lon-

gitudinal bend occur in rock layers. 

In the estuary part of the Varnachka valley, in 

the main outcrops on the shore of Lake Baikal, 

the elements of the thrust plane were detected 

and the line of its exit in the relief was built using 

the stratoisogypsum method on a topographic 

map of 1 : 25 000 scale. Near the fault plane, a 

statistical analysis of tectonic fractures using the 

belt method of V.N. Danilovich (Danilovich, 

1961, 1941) showed the orientation of the sup-

posed plane of the Angara thrust (200Ï10), the 

azimuth of the immersion of the allochthon dis-

placement line (207Ï8), and the stress field from 

the prevailing series of large fractures (ů1 ï 

20Ï80, ů2 ï 117Ï03, ů3 ï 206Ï04) (Fig. 40). 

 

Fig. 40. Analysis of tectonic fracturing in Jurassic conglomerates on the shore of Lake Baikal, 100 m 

from the mouth of Varnachka Pad. Wolfe grid. 

1 ï isolines; 2 ï trajectories of measuring concentration belts; 3 ï graph-projection of presumed plane of An-

garsk thrust; 4ï6 ï positions of the axes of main normal stresses: 4 ï tension; 5 ï medium; 6 ï compression. 

ʈʠʩ. 40. ɸʥʘʣʠʟ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʚ ʶʨʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʥʘ ʙʝʨʝʛʫ ʦʟ. ɹʘʡʢʘʣ ʚ 

100 ʤ ʦʪ ʫʩʪʴʷ ʧʘʜʠ ɺʘʨʥʘʯʢʘ. ʉʝʪʢʘ ɺʫʣʴʬʘ. 

1 ï ʠʟʦʣʠʥʠʠ; 2 ï ʪʨʘʝʢʪʦʨʠʠ ʧʦʷʩʦʚ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʤʝʨʦʚ; 3 ï ʛʨʘʤʤʘʧʨʦʝʢʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʧʣʦʩ-

ʢʦʩʪʠ ɸʥʛʘʨʩʢʦʛʦ ʥʘʜʚʠʛʘ; 4ï6 ï ʧʦʣʦʞʝʥʠʝ ʦʩʝʡ ʛʣʘʚʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ: 4 ï ʨʘʩʪʷʞʝʥʠʷ; 5 

ï ʩʨʝʜʥʝʡ; 6 ï ʩʞʘʪʠʷ. 

Other outcrops of the Angara thrust in the 

study area are known on the slope of the Baikal 

coast, 400 m to the west of Cape Sobolev, where 

on the Jurassic conglomerates there is a remnant 

of granitoids of the Shumikhinsky complex (Fig. 

41). In plan, it has an oval shape and a diameter 

of about 20 m. The bottom of the clip is opened 

by a ditch, where cataclyzed conglomerates, 

strongly weathered mylonites, and mylonitized 

cataclyzed granitoids are observed. 
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Fig. 41. Scheme of the outlier of the Angara thrust on Sobolev Cape after (Danilovich, 1941). 

1 ï mylonitized granitoids; 2 ï conglomerates; 3 ï tectonic breccias and mylonites; 4 ï the plane of the thrust. 

On the left ï a sketch of the outcrop at the point S. 

ʈʠʩ. 41. ʉʭʝʤʘ ʦʩʪʘʥʮʘ ɸʥʛʘʨʩʢʦʛʦ ʥʘʜʚʠʛʘ ʥʘ ʤʳʩʝ ʉʦʙʦʣʝʚ (ɼʘʥʠʣʦʚʠʯ, 1941). 

1 ï ʛʨʘʥʠʪʦʠʜʳ ʤʠʣʦʥʠʪʠʟʠʨʦʚʘʥʥʳʝ; 2 ï ʢʦʥʛʣʦʤʝʨʘʪʳ; 3 ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʨʝʢʯʠʠ ʠ ʤʠʣʦʥʠʪʳ; 4 ï 

ʧʣʦʩʢʦʩʪʴ ʥʘʜʚʠʛʘ. ʉʣʝʚʘ ð ʟʘʨʠʩʦʚʢʘ ʦʙʥʘʞʝʥʠʷ ʚ ʪʦʯʢʝ ʖ. 

Another place of the outcrop of the Angara 

thrust plane (bedrocks), where the Proterozoic 

granites and rocks of the Kochergat formation 

are thrust over the Jurassic conglomerates, is lo-

cated in the estuary part of the Nizhnyaya valley. 

It is observed along the ridge of the left side of 

the valley to the north, where 900 m from the 

mouth of the valley site 041a the most repre-

sentative and intricately constructed clip-rem-

nant of the Angara thrust with a size of 300x600 

m is situated. 

 

Fig. 42. Geological scheme of the estuary part of the Nizhnyaya valley site 41-09 after (Mazukabzov 

and Sizykh, 1987). 

1 ï modern sediments; 2 ï granitoids; 3 ï carbonate rocks of the Golousten formation; 4 ï Riphean terrigenous 

rocks of the Kachergat formation; 5 ï Jurassic conglomerates; 6 ï clip contours. 

ʈʠʩ. 42. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʧʘʜʠ ʅʠʞʥʷʷ, ʪ.ʥ. 41-09 (ʄʘʟʫʢʘʙʟʦʚ, ʉʠʟʳʭ, 

1987). 

1 ï ʩʦʚʨʝʤʝʥʥʳʝ ʦʩʘʜʢʠ; 2 ï ʛʨʘʥʠʪʦʠʜʳ; 3 ï ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʛʦʣʦʫʩʪʝʥʩʢʦʡ ʩʚʠʪʳ; 4 ï ʨʠʬʝʡʩʢʠʝ 

ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʢaʯʝʨʛʘʪʩʢʦʡ ʩʚʠʪʳ; 5 ï ʶʨʩʢʠʝ ʢʦʥʛʣʦʤʝʨʘʪʳ; 6 ï ʢʦʥʪʫʨʳ ʢʣʠʧʧʘ. 
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The lower plate as thick as 40 m is represented 
by the Early Proterozoic granitoids of the 
Shumikhinsky complex; the upper plate of 25ï
30 m is composed of dolomites of the Riphean 
Goloustnoe Formation. Granitoids are biotite, 
less often amphibole-biotite granosienite varie-
ties: dolomites are massive, gray, fine-grained. 
The bed of the remnant is composed of siltstones, 
schists of the Riphean Kochergat Formation and 
Jurassic conglomerates. 

The northern and southern boundaries of the 
granitoid plate are gently sloping thrust surfaces. 
Near the main tectonic contact, the conglomer-
ates are broken by chipped cracks, along which 
pebbles are cut, and granitoids are intensively 
crushed, ferruginized, and rotten. Limonite-

hematite mineralization in the form of thin inclu-
sions or enriched screeds covers a zone with a 
thickness of up to 3 m. Tectonic bkocks of gran-
itoids are 10ï12 m thick. The suture of the thrust 
is composed of variegated cataclasites and thin-
banded mylonites corresponding to the concept 
of "friction clay", into which individual pebbles 
of conglomerates are pressed. 

The main Cenozoic tectonic unit 

The main feature of the Cenozoic in this terri-
tory is the development of the Baikal rift. It is 
characterized by formation of deep depressions, 
as well as the development of thrust tectonics. Its 
feathering breaks parallel to the main displace-
ment zone are observed (Fig. 44). 

 

Fig. 44. General view of the Skriper cliff and the mouth of the Sennaya river. photograph 1882, 2009 

(a) and view of a fragment of conglomerates dissected by subvertical cracks parallel to the Obruchev 

fault (ʙ). In foreground of photograph b, clastic material of various sizes is distinguished, from small 

pebbles to large boulders (Oliferovsky et al., 2022). 

ʈʠʩ. 44. ʆʙʱʠʡ ʚʠʜ ʫʪʝʩʘ ʉʢʨʠʧʝʨ ʠ ʫʩʪʴʷ ʨ. ʉʝʥʥʦʡ, ʬʦʪʦʛʨʘʬʠʷ 1882, 2009 ʛ. (ʘ) ʠ ʚʠʜ ʬʨʘʛ-

ʤʝʥʪʘ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʨʘʟʙʠʪʳʭ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤʠ ʪʨʝʱʠʥʘʤʠ, ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʆʙʨʫʯʝʚʩʢʦʤʫ 
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ʩʙʨʦʩʫ (ʙ). ʅʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ ʬʦʪʦʛʨʘʬʠʠ ʙ ʨʘʟʣʠʯʘʝʪʩʷ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ, 

ʦʪ ʤʝʣʢʦʡ ʛʘʣʴʢʠ ʜʦ ʢʨʫʧʥʳʭ ʚʘʣʫʥʦʚ (ʆʣʠʬʝʨʦʚʩʢʠʡ ʠ ʜʨ., 2022). 

Geological history of the area 

After the formation of the Archean-Lower 

Proterozoic basement, there was a large break in 

sedimentation at least until the Late Riphean. At 

this time the marginal parts of the Siberian plat-

form began subsiding that resulted in sea trans-

gression with depositing terrigenous material, 

black and green carbonates and stromatolite 

limestones. The latter formed paleoreefs. After-

wards, there was a slight decrease in the depth of 

the Riphean basin. Shelf quartz sandstones and 

olistostroms formed in a passive continental 

margin. 

The Riphean sedimentary rocks lie on the Ar-

chean and Proterozoic basement with angular 

unconformity. At the contact, cream dolomites, 

located at foot of the Siberian platform cover, oc-

cur directly on the basement. This relationship is 

observed near the Bolshoe Goloustnoe village. 

The further history of the region is associated 

with the formation of a thick stratum of Jurassic 

conglomerates that accumulated in the late Aale-

nian (about 173ï171 million years ago) along a 

river valley that crossed a mountain range on the 

modern water area of Lake Baikal (Oliferovsky 

et al., 2022; Mongush et al., 2023; Mongush et 

al., 2024). 

The Cenozoic history of the area is associated 

with the development of the older (Late Creta-

ceous-Paleogene) depressions in Souther Siberia 

and younger (Neogene-Quaternary) basins of the 

Baikal rift system. The Neogene sediments in the 

depression are 1200ï1500 m thick; the Quater-

nary sediments reach 500 m. Sedimentation be-

gan in the Miocene with the accumulation of la-

custrine, lacustrine-marsh sediments that were 

followed with lacustrine and lacustrine-alluvial 

sediments. In the Early Pliocene, there was a 

change in the nature of lithogenesis: at this time, 

sands and pebbles of lacustrine, alluvial, and pro-

luvial genesis began to accumulate, culminating 

in the deposition of red-colored, variegated rocks 

in genesis ï coarse-clastic and pebbly. 

                                                 
2 For each observation point there is a hyperlink where 

you can download a file indicating its location on the sat-
ellite image in the Google Earth program. If you want to 

Younger sediments record the geological his-

tory of the formation of terraces, fan cones on the 

western coast of Lake Baikal and the last glacial 

events on the Primorsky Range. 

In the Angara-Yenisei serial legend (The Leg-

end of the Angara-Yenisei..., 2008), various re-

searchers distinguish a different number of 

Baikal terraces ï from six (Decisions..., 1983) to 

nine (Stratigraphy of the USSR..., 1984). The ac-

cumulative strata covering the highest Baikal ter-

races, which exceed the fifth 32ï45-meter ter-

race in height, are composed of the Late Eopleis-

tocene moraine and delayed deglaciation 

formations of buried glacier ice. In their sedi-

ments, along with the remains of the Early Pleis-

tocene fauna (Archidiscodon cf. trogonterii), 

there are remnants of fauna that did not appear 

earlier than at the end of the Middle Pleistocene 

(Mammuthus primigenius, Bison priscus ʠ ʜʨ.). 

The formation of lake sediments covering the 

Baikal terraces from the first to the fifth occurred 

in accordance with the climatic-stratigraphic 

model of terrace formation. 

At the present stage, the territory is situated 

within the dry areas of the Baikal depression, on 

its slopes of the southeastern exposure, partially 

including the watershed areas of the Primorsky 

Ridge affected by postglacial erosion. 

Conclusion 

After disembarking from the ship in the vicin-

ity of the Bolshaya Kadilnaya kardon on the cape 

of the same name of the Zapovednoye 

Pribaikalye National Park, we visit and describe 

outcrops of dark-gray weakly marbled algal 

limestones that are situated to the north of the 

village (site 31-082) and in the estuary part of the 

Bolshaya valley. The censer on its port side site 

60-10, 42-15, 43-15), which follow 150ï200 m 

upstream on its starboard and port sides. Near the 

outcrops, there are abandoned kilns, indicating 

mined and processed limestones in the past. 

Occurrence of banding or layering: 

in site 31-08 ð 155Ï70; 

download and view all the observation points and tracks 
mentioned in the article at once using the MapSource pro-
gram, then you need to download this file kad2025.gdb. 

https://doi.org/10.26516/2541-9641.2022.4.53
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https://doi.org/10.26516/2541-9641.2022.4.53
https://doi.org/10.26516/2541-9641.2023.4.51
https://doi.org/10.26516/2541-9641.2024.1.217
https://doi.org/10.26516/2541-9641.2024.1.217
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/31-08.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/60-10.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/42-15.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/43-15%20Памятник.kmz
file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/kad2025.gdb


ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ 

89 

 

in site 42-15 ð 356Ï30; 

in site 43-15 ð 355Ï45. 

In addition to geological research, we perform 

geomorphological observations of Cape Bolshoi 

Kadilny (The Baikal Run..., 2009). Geomorpho-

logically, the censer is a wide mouth of the valley 

and a large alluvial cone. Pebble material on the 

shore of Lake Baikal, entering the coastal zone 

of Lake Baikal along the Bolshaya valley. In the 

western part of the cape, it is composed of flat 

pebbles of Riphean rocks of the Baikal complex. 

The pebbles are well rounded. Their accumula-

tion forms a beautiful pattern on the beach. To 

the east of the mouth of the valley, there are a lot 

of pebbles of elongated (pencil) shape. Some 

reach a length of 20ï30 cm, which corresponds 

in size to boulders, but their transverse dimen-

sions do not exceed 10 cm, and their height is 

less than 1 cm. 

Carefully study the topographic map of 1 : 

100 000 scale and pay attention to the relief of 

the summit belt of the Primorsky Range. These 

are gently convex summit surfaces of the moun-

tains that form a subhorizontal level (the altitude 

of all peaks lie within 950ï1100 m) in front of 

the Primorsky Ridge. In some places, even 

weathering crusts have been preserved on it. 

Then we continue the route to the Malaya 

Kadilnaya valley, for which you need to move 

from the kardon along a good field road in the 

eastern direction, following which after 2.5 km 

you need to stop in site Kadilnaya valley 48-09 

and visit site 46-09 is an outcrop (Fig. 45), lo-

cated 230 m north of the route (Pechka2025 

track), which offers beautiful view of Lake 

Baikal. Its height is more than 10 m, width 2ï3 

m and length up to 5 m, composed of dark-gray 

limestone layers (47-09) (170Ï35), in which co-

lumnar and bedded stromatolites are clearly de-

fined. 

 

Fig. 45. Outcrop of site 46-09 ï gray limestones of the Uluntui formation. 

ʈʠʩ. 45. ʆʙʥʘʞʝʥʠʝ ʚ ʪ.ʥ. 46-09 ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʫʣʫʥʪʫʡʩʢʦʡ ʩʚʠʪʳ. 

Then after 400 m along the route in site on 32-

08 we observe outcrops of the Uluntui Upper 

Proterozoic limestones with a well-deciphered 

layering. The rocks of the Uluntui formation are 

file:///C:/OSPanel/domains/253.loc%20—%20копия/www/archive/253/2/2.files/1-100_000.jpg
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traced over 450 m on the left side of the estuary 

part of the Malaya Kadilnaya valley site 33-08 

and 49-09). In site 49-09, spectacular stromato-

lites are observed, in the plane of layering in the 

form of rounded formations, and in perpendicu-

lar planes in the form of columns with a diameter 

of up to 0.10ï0.15 m and a height of up to 0.3ï

0.5 m (Figs 4ï7). Stromatolites show columnar 

forms, such as Conophyton garganicus Kor., 

Conophyton cadilnicus Kor., Baicalia baicalica 

Kryl. Jacutophyton ramosum Schap., Baicalia 

baicalica Kryl, as well as stratum stromatolites 

and microphytolites. The Upper Uluntui As-

samblage contains 19 forms of stromatolites. 

The layering here: 175Á and 22Á. 

In the left side of the Malaya Kadilnaya valley 

site Camp5-15 we visit numerous caves of an-

cient man (trek M4-10, t.site 56-10, 57-10, 58-

10, 59-10, 45-15). Including the largest one Ma-

laya Kadilnaya, called the Chapel site 45-15. The 

wide and low entrance of this cave turns into an 

even lower and narrower corridor. There is a 

high round hall about seven meters in diameter, 

tapering upwards and having a round hole in the 

sky, through which the smoke of the fire of cave-

men escaped. In the center of the cave in the floor 

there is a pit, traces of excavations. The walls are 

disfigured by inscriptions of tourists, and the an-

cient chronicle of hunting for a saber-toothed 

tiger is no longer visible. 

In surrounding area outcrops extend along the 

left watershed ridge site 57-09, 58-09, 59-09. 

The route continues toward the mouth of the val-

ley on the pebble beach of Lake Baikal with ex-

amination of a cliff of the alluvial cone site 

33a ð on the shore of Lake Baikal, opposite site 

33-08, etc. 49-09. The cliff 5ï6 m high (Fig. 46) 

is composed of two layers of different origin. 

There is a layer of lake gravel with rounded small 

pebbles of various rocks and sandy-sandy loam 

cement. Above it, there is a layer of alluvial-pro-

luvial fine-clastic rock with unrolled or weakly 

rolled blocks of limestone of local rocks with 

sandy-clayey cement. Its thickness is 1.0ï1.2 m. 

 

Fig. 46. Coastal cliff of the proluvial fan cone of the Mal valley. Kadilnaya, site 33a. 

ʈʠʩ. 46. ɹʝʨʝʛʦʚʦʡ ʦʙʨʳʚ ʧʨʦʣʶʚʠʘʣʴʥʦʛʦ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʧʘʜʠ ʄʘʣ. ʂʘʜʠʣʴʥʘʷ, ʪ.ʥ. 33ʘ. 
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The cliff of the terrace stretches along the 

shore of Lake Baikal over one kilometer. After 

150ï200 m, only the upper layer of coarse-block 

material remains in the cliff, and after one kilo-

meter the terrace almost completely disappears 

observed further only fragmentarily in the form 

of small shelves 10ï20 m wide, abruptly ending 

towards Lake Baikal in the form of cliffs up to 

10 m high. In rocky coastal outcrops, layers of 

carbonate rocks (0.5 to 5ï10 m) are composed of 

thin-banded algal limestones, then fine-grained 

dark-gray massive weakly crystallized lime-

stones and dolomites follow. Layers in site 56-

09: 175Ï20. 
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1ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
2ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
3 ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʠʩʪʦʯʥʠʢʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʀʥ-

ʜʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʟʠʠ, ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʤʘʩʩʠʚʳ ʉʘʤʘʣʧʘʪʪʠ ʠ ʉʝʚʘʪʪʫʨ ʠ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʳʡ 

ʤʘʩʩʠʚ ɸʤʙʘ ɼʦʥʛʘʨ ʀʥʜʠʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʤ ʤʘʩʩʠʚʦʤ 

ʊʦʤʪʦʨ ʠ ʤʝʣʦʚʳʤʠ ʤʘʩʩʠʚʘʤʠ, ʄʘʣʦ-ʄʫʨʫʥʩʢʠʤ ʠ ɺʵʡʰʘʥʴ ï ʉʝʚʝʨʥʦʡ ɸʟʠʠ. ʀʟ Pb-

ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ʧʦ ʢʘʨʙʦʥʘʪʠʪʘʤ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʢʘʨʙʦʥʘʪʠʪʦʚʳʝ ʨʘʩʧʣʘʚʳ ʉʘ-

ʤʘʣʧʘʪʪʠ ʚʦʟʨʘʩʪʦʤ 800 ʤʣʥ ʣʝʪ ʙʳʣʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʦʪʦʣʠʪʘ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʦʟʨʘʩ-

ʪʦʤ ʦʢʦʣʦ 4.26 ʤʣʨʜ ʣʝʪ ʨʘʥʥʝʡ ɿʝʤʣʠ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʣʩʷ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʤʘʥʪʠʡ-

ʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʚ ʟʘʪʚʝʨʜʝʚʰʝʤ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʦʢʝʘʥʝ ʧʦ ʥʠʟʢʦʤʫ ʥʘʯʘʣʴʥʦʤʫ ɛ. ʇʦʩʣʝ ʦʪʜʝ-

ʣʝʥʠʷ ʀʥʜʠʡʩʢʦʛʦ ʩʫʙʢʦʥʪʠʥʝʥʪʘ ʦʪ ɻʦʥʜʚʘʥʳ ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ɸʟʠʝʡ ʩʠʣʠʢʘʪʥʳʝ ʨʘʩʧʣʘʚʳ 

ʢʨʫʧʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ɼʝʢʘʥ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʠʟ ʧʨʦʪʦʣʠʪʦʚ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 2 

ʤʣʨʜ ʣʝʪ ʩʨʝʜʥʝʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʧʦʭʠ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ. ʂʘʨʙʦʥʘʪʠʪʳ ɸʤʙʘ ɼʦʥʛʘʨ ʚʦʟʨʘʩ-

ʪʦʤ 66 ʤʣʥ ʣʝʪ ʙʳʣʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʨʦʪʦʣʠʪʦʚ ʤʘʥʪʠʠ ʨʘʥʥʝʡ ɿʝʤʣʠ, ʯʘʩʪʠʯʥʦ ʠʟʤʝʥʝʥʥʳʭ 

ʩʦʙʳʪʠʝʤ ʚʦʟʨʘʩʪʦʤ ʦʢʦʣʦ 2 ʤʣʨʜ ʣʝʪ. ʄʝʣʦʚʳʝ ʢʘʨʙʦʥʘʪʠʪʳ ʤʘʩʩʠʚʦʚ ʄʘʣʦ-ʄʫʨʫʥʩʢʠʡ ʠ 

ɺʵʡʰʘʥʴ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʠʟ ʧʨʦʪʦʣʠʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 3.45 ʠ 2.2 ʤʣʨʜ ʣʝʪ. ʂʘʨʙʦʥʘʪʠʪʦʚʳʡ 

ʤʘʛʤʘʪʠʟʤ ʥʝ ʧʨʦʷʚʠʣʩʷ ʚ ʉʝʚʝʨʥʦʡ ɸʟʠʠ ʚ ʥʦʚʝʡʰʠʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ ʵʪʘʧ (ʪ.ʝ. ʚ ʧʦʩʣʝʜʥʠʝ 

90 ʤʣʥ ʣʝʪ), ʘ ʨʦʣʴ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʀʥʜʠʠ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʣʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʪʝʢʪʦʥʦʩʬʝʨʘ ʉʝ-

ʚʝʨʥʦʡ ɸʟʠʠ ʧʦʜʚʝʨʛʣʘʩʴ ʧʝʨʝʩʪʨʦʡʢʝ, ʢʦʪʦʨʘʷ ʧʨʠʚʝʣʘ ʢ ʧʦʜʲʝʤʫ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ɿʝʤʣʠ 

ʠʟ ʛʣʫʙʠʥʥʦʡ ʤʘʥʪʠʠ. ʈʘʟʣʠʯʥʳʡ ʚʦʟʨʘʩʪ ʧʨʦʪʦʣʠʪʦʚ ʠ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʨʙʦ-

ʥʘʪʠʪʦʚ ʚ ʀʥʜʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʟʠʠ ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʥʘʩʣʝʜʦʚʘʥʠʝʤ BaïSr ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʜʨʝʚ-

ʥʠʭ ʠ ʤʦʣʦʜʳʭ ʢʘʨʙʦʥʘʪʠʪʘʭ ʀʥʜʠʠ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʪʨʝʥʜʘʤʠ Ba ʠ Sr ʚ ʜʨʝʚʥʠʭ ʠ ʤʦʣʦʜʳʭ 

ʢʘʨʙʦʥʘʪʠʪʘʭ ʉʝʚʝʨʥʦʡ ɸʟʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʘʨʙʦʥʘʪʠʪʳ, ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ, ʥʝʦʧʨʦʪʝʨʦʟʦʡ, ʤʝʣ, ʧʘʣʝʦʛʝʥ, Ba, 

Sr, ʤʠʢʨʦʵʣʝʤʝʥʪʳ, 206Pb/204Pb, 207Pb/204Pb, 143Nd/144Nd, 87Sr/86Sr, ʀʥʜʠʷ, ʉʝʚʝʨʥʘʷ ɸʟʠʷ 

Introduction 

Isotopic systematics of deep sources for oce-

anic igneous rocks based on Pb, Nd, and Sr iso-

topic ratios in terms of the end members DMM, 

HIMU, EM1, and EM2 (Zindler and Hart, 1986), 

supplemented by one more composition FOZO 

(Hauri et al., 1994), has a genetic sense (Dickin, 

2018). Since the evolution of continents and 

oceans differs significantly, the isotopic system-

atics of deep sources of oceanic igneous rocks 

cannot be used for deep sources of continental 

igneous rocks. The lack of a generalized ap-

proach to definition of deep sources for continen-

tal igneous rocks results in studies of their indi-

vidual regional components (Carlson, Hart, 

1988; Rasskazov, 2001; Dickin, 2018). 

Meanwhile, a general approach to the study of 

continental mantle magma sources is still re-

quired. In Asia, sources of erupted late Phanero-

zoic mantle magmas are systematized by their 

deep protoliths ages, obtained using uranogenic 

Pb isotopes (Rasskazov et al., 2020). The evolu-

tion of mantle sources is recognized from the so-

lidified Hadean magma ocean of the Earth to the 

present. Other radiogenic isotopes show auxil-

iary signatures of processes in mantle sources 

that developed in different stages of the Earth 

evolution. 

The evolution of UïPb, SmïNd, and RbïSr 

isotopic systems is governed by different pro-

cesses regulating ratios of parent and daughter 

radionuclides in the continental mantle and crust. 

The 238U/204Pb ratio (ɛ) may be affected by re-

moval of the oxidized form of uranium by water 

and also by concentration of lead in sulfides or 

silicates. The 147Sm/144Nd ratio depends on the 

distribution of minerals ï concentrators of me-

dium REE, and the 87Rb/86Sr ratio depends on the 

distribution of minerals ï concentrators of K and 

Ca. Different geochemical behavior of chemical 

elements may result in lack of coordination be-

tween time-integrated accumulations of different 

radiogenic isotopes in source regions for conti-

nental magmatic rocks. 

Isotope-geochemical interpretations of 

sources for magmatic rocks are assumed initial 

isotope ratios. No correction for the age of the 

measured ratios is required for young basalts, alt-

hough it is still necessary, if rocks have high 
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ratios of parent/daughter nuclides (e.g. rhyolites 

in the RbīSr isotope system). Due to the pre-

dominance of 238U (making up 99.2743% of the 

total uranium) in volcanic rocks of young ages 

(Mesozoic ï early and middle Cenozoic), 
206Pb/204Pb may shift slightly at high ɛ. At the 

same uranium concentrations, the 207Pb/204Pb ra-

tio increases insignificantly. Age corrections for 

isotopes of older rocks require accurate element 

concentration determinations. Also, recalculated 

data should be referred to age-corrected refer-

ence compositions of isotopic systems (for ex-

ample, to the primordial mantle). 

In the source region of continental basaltic 

melts, the presence of carbonate is often assumed 

from trace element abundances in rocks (e.g. Zrï

Hf) (Dupuy et al., 1992). Carbonatite deep 

sources are considered to belong to the mantle. 

In continental areas, carbonatites are systema-

tized on the diagram of initial strontium and ne-

odymium isotope ratios taking into account of 

the structural position of massifs. Carbonatites in 

association with K-alkaline rocks in areas be-

tween the Aldan and Anabar shields of the Sibe-

rian platform basement and those around the Si-

berian platform are characterized by enriched 

and depleted NdïSr isotope compositions, re-

spectively (Vladykin, Tsaruk, 2003; Vladykin, 

2005, 2009; Vladykin, Pirajno, 2021). 

In the southern and southeastern parts of In-

dia, occurrences of Precambrian alkaline rocks 

with a wide time interval from 1600 to 600 Ma 

from the Eastern Ghats have been reported (e.g. 

Schleicher et al., 1998). The Indian subcontinent 

was part of Gondwana in combination with those 

of Africa, Australia, and Antarctica, separated 

from these at around 130ï100 Ma ago, and later 

on, accreted to Asia at around 66ï32 Ma ago 

(Beck et al., 1995; McLoughlin, 2001; Khan et 

al., 2004; Sarkar et al., 2023). The Indian tec-

tonosphere activities were marked over time by 

deep magmatism and mountain building activi-

ties. From such a dramatic change in structural 

setting of the Indian subcontinent, a comparative 

geochemical study of carbonatite sources and 

those of associated deep igneous rocks during its 

incorporation into Gondwana and its connection 

with Asia is of particular interest. 

Long before the Gondwana breakup, at 

around 800 Ma, the Samalpatti and Sevattur 

massifs (Ackerman et al., 2017), which lie on the 

southwest part of the Indian subcontinent, were 

formed. With the discovery of benstonite car-

bonatites (Semenov et al., 1971), Samalpatti and 

Joggipatti massifs with BaïSr carbonatites simi-

lar to the carbonatites of Malo-Murunsky syenite 

massif (Vorobyov et al., 1992; Vorobyov, 2001; 

Vladykin et al., 2003, 2008) received worldwide 

attention. The 66 Ma Amba Dongar complex of 

alkaline rocks with carbonatites in the Chhotaud-

epur, which is located in the northwestern part of 

India, is genetically associated with the Deccan 

Large Igneous Province (LIP) (Simonetti et al., 

1995). 

The aim of this work is to compare Pb-isotope 

ages and BaïSr abundances of carbonatites from 

the key igneous complexes of India (Samalpatti 

and Amba Dongar) with carbonatites of North 

Asia to elucidate the origin of their source proto-

liths in the context of the tectonosphere evolution 

in the Earthôs history. The preliminary discus-

sion of data was presented by Rasskazov et al. 

(2024). 

Geological settings of carbonatites in 
India 

The Samalpatti massif 

The carbonatite massifs of Southern India are 

located southwards of the Dharwar Craton 

within the Precambrian Southern Ghats granulite 

terrane along the NEïSW-trending trans-crustal 

shears. The carbonatites occur in the alkaline-

carbonatite complexes that are located within the 

NEïSW trending fault system  known as Dhar-

mapuri Rift (Aranha et al., 2023). 

The carbonatite massifs form a chain (from 

northeast to southwest): Sevattur (Koratti), Jog-

gipatti, Samalpatti and Pakkanadu. In addition to 

carbonatites, pyroxenites, syenites and (rarely) 

dunites with minor pegmatite and fenite are com-

mon in this area (Schleicher et al., 1998; Sri-

vastava et al., 2005). Carbonatite bodies of 

Paleoproterozoic age are mentioned also near the 

Pakkandu massif, closer to the Dharwar Craton 

(Pandit et al., 2002). 

In the Samalpatti massif, syenites predomi-

nate with subordinate pyroxenites, dunites, alka-

line gabbros, and carbonatites. In the Samalpatti, 

Joggipatti, and Sevattur massifs, benstonite 
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carbonatites are reported (Srivastava, 1998; Vla-

dykin et al., 2003; 2008; Rampilova et al., 2021). 

In the Samalpatti massif, benstonite carbonatites 

occur as a small dike (Fig. 1). 

 

Fig. 1. Location of key carbonatite massifs in South India (a), spatial distribution of rock massifs asso-

ciated with carbonatites (b), and geological structure of the Samalpatti massif (c). CB ï location of 

benstonite carbonatite. Scheme (b) was compiled after (Schleicher et al., 1998; Mahapatro et al., 2023), 

scheme (c) ï after (Vladykin et al., 2008; Ackerman et al., 2017). 

ʈʠʩ. 1. ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʤʘʩʩʠʚʦʚ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ʉʝʚʘʪʪʫʨ (ʉʘʤʘʣʧʘʪʪʠ) ʚ ʖʞʥʦʡ 

ʀʥʜʠʠ (ʘ), ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʠʚʦʚ ʧʦʨʦʜ, ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ 

(ʙ) ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʘʩʩʠʚʘ ʉʘʤʘʣʧʘʪʪʠ (ʚ). CB ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʙʝʥʩʪʦʥʠʪʦʚʦʛʦ ʢʘʨ-

ʙʦʥʘʪʠʪʘ. ʉʭʝʤʘ (ʙ) ʩʦʩʪʘʚʣʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʙʦʪ (Schleicher et al., 1998; Mahapatro et al., 

2023), ʩʭʝʤʘ (ʚ) ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʙʦʪʳ (Vladykin et al., 2008; Ackerman et al., 2017). 

Carbonatites were dated by various methods. 

First, a preliminary 700Ñ30 Ma age was meas-

ured by KīAr method on phlogopite for the Jog-

gipatti massif (Moralev et al., 1975). Then, a 

801Ñ11 Ma age was obtained by the whole rock 

PbīPb isochron method for the Sevattur massif 

(Schleicher et al., 1997) and a 771Ñ18 Ma age 

was measured by RbïSr method for the same 

rocks (Kumar, Gopalan, 1991). These dating re-

sults were comparable with each other within the 

measurements errors. The age of the Sevattur ig-

neous complex is generally accepted to be about 

800 Ma (Schleicher et al., 1997; 1998; Ackerman 

et al., 2017; Randive, Meshram, 2020). 
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The Amba Dongar massif 

This massif belongs to the Chhotaudepur se-

ries of the Deccan LIP that occupies an area of 

1.8 million km2, mainly in the central, western 

and northwestern parts of the Hindustan Penin-

sula (Fig. 2). Volcanism of the province, 

especially alkaline, is rift-related (Sheth, Chan-

drasekharam, 1997). In the central part of India, 

there are the Narmada and Tapi rifts, in the west-

ern part ï the Kutch and Cambay ones. The rifts 

converge on the western coast of India in the 

Cambay structural junction. 

 

 

Fig. 2. Structural setting of the Chhotaudepur igneous complex in Deccan LIP (a), age ranges of the 

rock province (b), and map of rocks of Chhotaudepur complex. The schemes (a) and (b) are compiled 
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using data from (Sheth et al., 2001a,b; Knight et al., 2003; Mahoney et al., 2002; Paul et al., 2008; 

Foulger, 2010; Chalapathi Rao, Lehmann, 2011; Peng et al., 2014). The geological map of panel (c) is 

modified after (Kumar et al., 1996; Gwalani et al., 1994). 

ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʏʭʦʪʘʫʜʝʧʫʨ ʚ ʧʨʦʚʠʥʮʠʠ ɼʝʢʘʥ (ʘ), 

ʚʦʟʨʘʩʪʥʳʝ ʠʥʪʝʨʚʘʣʳ ʧʦʨʦʜ ʵʪʦʡ ʧʨʦʚʠʥʮʠʠ (ʙ) ʠ ʢʘʨʪʘ ʢʦʤʧʣʝʢʩʘ ʧʦʨʦʜ ʨʘʡʦʥʘ ʏʭʦʪʘʫʜʝʧʫʨ 

(ʚ). ʉʭʝʤʳ (ʘ) ʠ (ʙ) ʩʦʩʪʘʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ (Sheth et al., 2001a,ʙ; Knight et al., 2003; 

Mahoney et al., 2002; Paul et al., 2008; Foulger, 2010; Chalapathi Rao, Lehmann, 2011; Peng et al., 

2014). ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ (ʚ) ʩʦʩʪʘʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ (Kumar et al., 1996; Gwalani et al., 1994) ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ. 

 

Volcanic rocks of the Deccan LIP are mainly 

tholeiitic basalts and, to a lesser extent, basaltic 

andesites. There are alkaline rocks (lavas, dikes 

and intrusions, including those in alkaline com-

plexes with carbonatites), lamprophyres (mainly 

dikes), kimberlites (pipes), dacites and rhyolites 

(lavas). Tholeiitic basalts are widespread 

throughout the province. These show similar ge-

ochemical signatures in the western part of India, 

near Mumbai (Mahabaleshwar, Ambenali, etc.) 

and in the Narmada-Son and Tapi rifts (Peng et 

al., 2014). Early volcanism in the north and 

northwest India exhibits lamprophyre dikes of 

various compositions (Paul et al., 2008; Vijayan 

et al., 2016). In the northern and northwestern 

parts of the province, alkaline and tholeiitic bas-

alts occur in the Narmada and Kutch rifts (Ma-

honey et al., 1985; Paul et al., 2008; Sen et al, 

2009), alkaline syenites, melanephelinites, lam-

prophyres are widespread in Murud, Mumbara, 

Amba Dongar, Chhotaudepur (Melluso et al., 

2002; Hari et al., 2014). In the Pavagadh moun-

tain area, picrites, high-Mg basalts, and basaltic 

andesites are followed by rhyolites (Sheth, Mel-

luso, 2008). Beside the Pavagadh region, basalts 

are associated with rhyolites and dacites in the 

central Deccan Province. There are high- and 

low-titanium picrobasalts in the northwest and 

west of the province (Pavagadh, Rajpipla, 

Saurashtra) (Melluso et al., 2006). 

Rocks from the Deccan LIP cover an age in-

terval of 73ï60 Ma. The earliest volcanic rocks 

of 73ï72 Ma are known in Pakistan (Mahoney et 

al., 2002). By 40Ar/39Ar method, the thick lava 

stratum of the Deccan Plateau was constrained 

within a short time interval. 33 dates obtained in 

different laboratories for a 2-kilometer lava se-

quence of the Western Ghats fall in the range of 

70ï62 Ma with a maximum at 65.5 Ma (the 

standard MMhb-1 with the age of 520.4 Ma was 

used for correction) (Hofmann et al., 2000; 

Knight et al., 2003). Younger dates are charac-

teristic of dolerite sills, effusive and intrusive 

rocks of differentiated composition. A RbïSr 

isochron of 61.5 ° 1.9 Ma was obtained for the 

rhyolites of Bombay (Lightfoot et al., 1987), and 

two 40Ar/39Ar dates of 60.4 ° 0.6 and 61.8 ° 0.6 

Ma ï for trachytes of the same area (Sheth et al., 

2001a). Dolerites from a sill in the Bombay area 

yielded 40Ar/39Ar age of 60.5 ° 1.2 Ma (all dates 

are relative to the 520.4 Ma age for the MMhb-1 

standard (Sheth et al., 2001b)). Alkaline and car-

bonatite magmatism preceded or occurred sim-

ultaneously with the traps ((Chalapathi Rao Leh-

mann, 2011) and references therein). Diamondif-

erous kimberlite pipes were emplaced in central 

India (Bastar craton) before or simultaneously 

with the trap maximum (Behradi) and after it 

(Kodomali) (Mainkar, Lehman, 2007; Lehman 

et al., 2010; Chalapathi Rao, Lehmann, 2011). 

The Chhotaudepur area is divided into the 

subprovinces: 1) Amba Dongar, a carbonatite 

complex in the southeastern part; 2) Sirivasan-

Dugdha, trachytes southwest of Amba Dongar; 

3) Phenai Mata, alkaline rocks and tholeiitic gab-

bro and gabbro-anorthosite in the northeastern 

part; 4) Panwad-Kawant, lamprophyre dykes 

north of Amba Dongar; and 5) Bakhatgarh-Phul-

mahal, mafic and ultramafic dykes of varying 

compositions to the east of the study area (Gwa-

lani et al., 1993). The Amba Dongar carbonatites 

intrude a 68 Ma old tholeiitic basalt flow and oc-

cupy the central depression of this igneous com-

plex (Ray et al., 2003; Ray and Shukla, 2004). 

The Sirivasan sill of the Chhotaudepur alkaline 

carbonatite complex extends for approximately 

11 km with an average width of about 150 m. 

The carbonatites include fragments of sand-

stones, metamorphic rocks (gneisses, schists, 

phyllites, quartzites), basalts, as well as miner-

als: quartz, pyroxene, olivine and others. The 
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RbïSr age of the sill is 63Ñ2 Ma (Viladkar, Git-

tins, 2016). 

Sampling and analytical methods 

In the Chhotaudepur area, lamprophyre and 

phonolite dikes were sampled near alkaline sye-

nite, gabbro-diorite and dolerite bodies to the 

north of the Amba Dongar carbonatite complex 

(Hari et al., 2011; 2014) (lamprophyres ï 

L1,2,3), basalts and picrobasalts of the Phenai 

Mata Dongar area, alkali feldspar syenites AFS-

1 near Phenai Mata Dongar and AFS (in the 

northeastern part of the Chhotaudepur area) 

(Hari et al., 2014). Gabbros similar to the studied 

rocks are known in the eastern part of the Phenai 

Mata (Hari et al., 2011) (Fig. 2 c). 

Trace elements of rocks were determined by 

inductively coupled plasma mass spectrometry 

(ICP-MS). Chemical sample preparation was 

performed by microwave acid decomposition 

with a mixture of HNO3 and HF. For more com-

plete decomposition of silicates, a sample was 

re-evaporated with HF and H2O2. Before meas-

urement, internal standards of In and Bi were 

added to the sample, corrections were calculated 

by interpolation. Measurements were performed 

on an Agilent 7500ce quadrupole mass spec-

trometer. Multielement standard solutions and 

standard reference materials of the United States 

Geological Survey (USGS) (BIR-1, DNC-1, 

BHVO-1, AGV-1, BCR-2, RGM-1) and the Ge-

ological Society of Japan (JB-1A) were used for 

calibration and control of the precision and accu-

racy of the analysis. The major oxides were ana-

lyzed using a set of classical chemical-analytical 

methods of "wet chemistry" included flame pho-

tometry, spectrophotometry, gravimetric, atomic 

absorption, etc. 

Sr and Nd isotope ratios were analyzed by the 

technique described in the monograph (Ras-

skazov et al, 2012). The measurements were per-

formed on a Finnigan MAT 262 multicollector 

thermal ionization mass-spectrometer. The accu-

racy of the isotope analysis was systematically 

monitored according to the JNdï1 (Japan) and 

NBS987 (USA) standards. For JNdï1, the ob-

tained value was 143Nd/144Nd = 0.512104 Ñ 4 

(2ů), with the recommended value of 0.512103; 

for NBS SRMï987, the values were 87Sr/86Sr = 

0.710274 Ñ 14 (2ů) and 0.710261 Ñ 12 (2ů), with 

the recommended ratio of 0.710250. The results 

of the analytical work are presented in Tables 1 

and 2. 
T a b l e  1  

Contents of major oxides and trace elements and isotope ratios of Sr and Nd in the representative sam-

ples of rocks from the Chhotaudepur complex, Western India 

 1 2 3 4 5 6 7 

Sample RPV-2 RCD-10 RPV-4 RCD-27 RCD-30 RCD-

33B 

RCD-29 

Rock BA 

Basalt Basalt Phonolite Foidite Basa-

nite 

PhT 

SiO2, 
wt.% 50.55 47.14 47.13 

51.47 50.81 45.02 47.28 

TiO2 2.19 2.45 1.82 0.57 0.55 2.65 2.15 

Al 2O3 12.42 13.77 10.40 20.33 21.32 13.29 17.72 

Fe2O3 4.48 5.56 4.00 3.64 2.54 5.89 4.65 

FeO 6.36 6.04 7.19 2.17 2.21 4.29 4.03 

MnO 0.15 0.16 0.17 0.25 0.17 0.19 0.18 

MgO 7.52 7.06 13.43 0.48 0.26 5.77 3.31 

CaO 10.38 10.74 10.44 3.00 3.03 11.48 6.94 

Na2O 2.09 2.18 1.77 7.58 9.35 3.75 4.45 

K2O 1.32 0.88 0.80 5.89 6.98 2.72 4.29 

P2O5 0.26 0.30 0.19 0.12 0.08 0.76 0.65 

H2Oï 0.73 1.00 0.59 0.22 0.12 0.14 0.30 

LOI 1.50 2.42 2.21 4.36 2.24 3.68 3.98 

Summa 99.95 99.69 100.14 100.08 99.66 99.63 99.93 

Li, ppm 6.0 7.1 5.7 24.7 16.7 17.3 24.1 

Be 1.3 1.2 1.0 6.6 5.1 3.0 3.1 

Sc 35.6 33.5 36.5 2.2 1.9 24.0 11.4 

V 332 330 290 103 104.7 309 188 
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Cr 374 228 854 12.6 5.8 102 21 

Co 47 45 64 3.5 3.5 33 20 

Ni 143 103 369 11 5.4 36 19 

Cu 240 229 115 10 8.2 80 54 

Zn 161 155 93 162 121.5 104 107 

Ga 19 20 15 30 27.5 22 23 

Rb 43.0 20.7 19.5 161.2 123.4 72.7 106.1 

Sr 327 376 252 3007 3466.5 1154 1768 

Y 26.6 27.4 21.3 11.4 10.0 34.2 32.2 

Zr 167 182 135 883 511.5 378 486 

Nb 27.1 29.8 19.2 272.4 171.9 120.5 154.3 

Cs 0.64 0.42 0.56 0.73 2.9 2.72 2.61 

Ba 336 246 212 868 4517.7 1761 2783 

La 29.4 27.2 19.2 239.9 159.7 139.7 153.0 

Ce 63.8 59.8 43.0 289.8 217.7 258.1 261.1 

Pr 7.85 7.36 5.60 19.89 17.3 27.45 26.28 

Nd 30.8 29.6 23.0 44.9 44.0 97.9 88.7 

Sm 6.33 6.53 5.08 4.09 4.3 14.76 12.48 

Eu 1.94 2.12 1.63 1.03 1.0 3.98 3.64 

Gd 6.37 6.62 5.08 3.27 3.1 12.71 10.99 

Tb 0.96 0.99 0.80 0.42 0.4 1.48 1.33 

Dy 5.18 5.42 4.25 1.79 1.6 6.93 6.27 

Ho 1.06 1.11 0.89 0.42 0.4 1.35 1.25 

Er 2.70 2.72 2.20 0.99 0.9 3.34 3.19 

Tm 0.39 0.39 0.31 0.16 0.1 0.47 0.46 

Yb 2.31 2.30 1.85 1.06 1.0 2.80 2.77 

Lu 0.36 0.37 0.28 0.19 0.2 0.43 0.44 

Hf 4.44 4.77 3.69 11.46 7.0 8.59 9.70 

Ta 1.84 1.86 1.33 4.78 4.5 7.44 9.87 

Pb 10.0 10.7 6.1 n. d. 52.4 23.9 28.4 

Th 7.2 4.7 3.8 86.0 32.2 27.8 36.6 

U 1.48 1.04 0.91 20.89 9.4 5.76 6.44 

87Sr/86Sr 

0.70949

7 

0.705730 0.707459 0.707509 0.70649

4 

0.70748

6 

0.70719

3 

2ů (Sr) 

0.00001

2 

0.000009 0.000013 0.000012 0.00001

1 

0.00000

9 

0.00000

9 

(87Sr/86Sr)

i 

0.70914

9 

0.705584 0.707255 0.707367 0.70640

0 

0.70732

0 

0.70703

4 
144Nd/143

Nd 

0.51242

5 

0.512685 0.512599 0.512398 0.51240

0 

0.51231

0 

0.51234

8 

2ů (Nd) 

0.00001

1 

0.000007 0.000011 0.000004 0.00000

7 

0.00000

8 

0.00000

7 

(144Nd/143

Nd)i 

0.51236

9 

0.512625 0.512539 0.512628 0.51263

1 

0.51264

2 

0.51263

9 

 
1 ï basaltic andesite, 2 ī olivine basalts, 3 ï Mg-basalts, 4ī5 ï phonolites and foidites, 6ī7 ī lamprophyres, 
LOI is loss on ignition, BA ï basaltic andesite, PhT ï phonotephrite. Initial isotope ratios are recalculated to 
an age of 66 Ma, n. d. ï not determined. 

T a b l e  2 

Representative compositions of carbonatites and silicate rocks from the Amba Dongar complex, West-

ern India  

 1 2 3 4 5 6 7 8 9 

Sample 2 3 4 5 ADC-

11 

ADC-

14 

ADF-

4 

ADN

-12 

ADB-

8 

Rock 

Ca-

carb 

(sºv

ite) 

Ca-

carb 

(alvik

ite) 

Si-

carb 

Fe-

carb 

Ca-

carb 

Ca-carb Fe-

carb 

nephe

- 

linite 

basalt 

SiO2, 
wt.% 

15.1

7 

4.48 33.0

6 

5.99 4.28 2.84 32.7 43.8 48.1 
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TiO2 0.30 0.31 0.68 0.88 0.15 0.14 0.09 0.83 2.27 

Al 2O3 2.32 0.51 6.01 0.86 0.48 0.38 0.36 14.2 14 

Fe2O3 

5.61 1.30 4.85 10.2

9 

1.86 1.05 6.92 7.19 12.8 

FeO 1.88 0.71 1.83 3.49 n. d. n. d. n. d. n. d. n. d. 

MnO 0.34 0.29 0.28 0.82 0.54 0.14 3.15 0.27 0.17 

MgO 5.83 2.74 4.84 6.75 0.16 0.42 5.96 1.44 6.39 

CaO 

37.6

8 

49.05 25.7

7 

36.8

0 

48.5 51.7 22.5 12.5 10.8 

Na2O 0.29 n. d. 1.75 n. d. 0.01 n. d. 0.08 5.64 2.12 

K2O 0.20 n. d. 2.90 n. d. 0.08 0.03 n. d. 1.58 0.54 

P2O5 0.22 0.31 0.73 0.69 1.71 1.37 1.79 0.6 0.25 

H2Oï 3.03 1.95 2.28 2.22 n. d. n. d. n. d. n. d. n. d. 

CO2 

25.5

6 

38.56 16.5

2 

31.4

9 

n. d. n. d. n. d. n. d. n. d. 

LOI 

28.5

9 

40.51 18.8

1 

33.7

1 

39.2 39.4 20.3 10.7 1.74 

Total 

98.4

3 

100.2

2 

101.

52 

100.

28 

96.97 97.47 93.85 98.75 99.18 

Sc, ppm n. d. n. d. n. d. n. d. 1.7 2.2 1.2 2.2 28 

V n. d. n. d. n. d. n. d. 216 50 178 276 309 

Cr 16 10 11 11 n. d. n. d. n. d. n. d. n. d. 

Ni 22 13 19 14 5.3 5.7 2.3 1.8 72 

Cu 60 53 52 63 n. d. n. d. n. d. n. d. n. d. 

Zn 12 14 8 16 379 8 1549 109 59 

Rb 19 18 26 43 7.21 4.02 0.54 56 11 

Sr 

472

1 

4072 260

1 

4989 3773 6007 3764 3130 565 

Y 111 105 106 223 211 140 n. d. 37 32 

Zr 235 211 227 99 21 187 24 503 161 

Nb 341 229 425 255 350 2168 76 327 23 

Ba 

293

3 

3869 277

5 

6235 1907

5 

2605 2882

4 

1850 230 

La 

302 522 114

8 

1192 2035 505 6969 168 24 

Ce 

465 633 175

8 

1911 2995 1138 7070 258 54 

Pr n. d. n. d. n. d. n. d. 254 116 467 16 5 

Nd 145 141 427 618 709 387 1028 70 29 

Sm 21.5 20.0 52.3 87 77 63 91 8.0 5.71 

Eu 4.75 4.35 10.6 18 20 18 27 2.2 1.7 

Gd 13.6 14.3 34.2 53.7 74 52 115 8.2 5.8 

Tb n. d. n. d. n. d. n. d. 7 6 9 0.9 0.8 

Dy 7.42 10.2 22.5 27.2 33 28 39 4.7 4.8 

Ho n. d. n. d. n. d. n. d. 5.9 4.6 7.1 0.9 0.9 

Er 4.12 6.0 11.8 13.4 19 12 23 2.6 2.6 

Tm n. d. n. d. n. d. n. d. 2.3 1.2 2.8 0.3 0.3 

Yb 3.05 3.84 8.39 7.95 14 6.7 16 2.2 2.2 

Lu 0.51 0.56 0.59 1.28 1.8 0.8 1.9 0.3 0.3 

Hf n. d. n. d. n. d. n. d. 0.5 5 0.5 7.2 3.6 

Ta n. d. n. d. n. d. n. d. 0.1 11 n. d. 4.0 1.5 

Pb n. d. n. d. n. d. n. d. 618 20 88 32 3.3 

Th 22 17.5 11.8 6.0 111 345 142 18 4.4 

U n. d. n. d. n. d. n. d. 63 12 0.4 7.8 1.0 

87Sr/86Sr 

n. d. n. d. n. d. n. d. 0.705

600 

0.7063

53 

0.707

393 

0.706

291 

0.707

193 

2ů (Sr) 

n. d. n. d. n. d. n. d. n. d. 0.0000

06 

0.000

006 

0.000

005 

0.000

006 

(87Sr/86Sr

)i 

n. d. n. d. n. d. n. d. 0.705

595 

0.7063

51 

0.707

393 

0.706

243 

0.707

139 
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144Nd/143

Nd 

n. d. n. d. n. d. n. d. n. d. 0.5124

26 

0.512

483 

0.512

307 

0.512

651 

2ů (Nd) 

n. d. n. d. n. d. n. d. n. d. 0.0000

11 

0.000

006 

0.000

004 

0.000

007 

(144Nd/143

Nd)i 

n. d. n. d. n. d. n. d. n. d. 0.5123

85 

0.512

460 

0.512

277 

0.512

600 
206Pb/204P

b 

n. d. n. d. n. d. n. d. 19.17 19.30 19.18 19.25 19.25 

207Pb/204P

b 

n. d. n. d. n. d. n. d. 15.74 15.72 15.71 15.73 15.84 

208Pb/204P

b 

n. d. n. d. n. d. n. d. 39.69 43.30 39.75 39.81 39.86 

(206Pb/204

Pb)i 

n. d. n. d. n. d. n. d. 19.10 18.90 19.18 19.09 19.05 

(207Pb/204

Pb)i 

n. d. n. d. n. d. n. d. 15.74 15.71 15.71 15.72 15.83 

(208Pb/204

Pb)i 

n. d. n. d. n. d. n. d. 39.65 39.32 39.41 39.69 39.57 

 
1ī4 ï (Shrivastava, 1997), mean contents for the main types of rocks with the number of analyzes is from 2 to 
24; 5ī9 ï (Chandra et al., 2018; 2019), n. d. ï not determined, * ï Fe2O3 tot 

Results 

Major oxides 

In the Na2O+K2O ï SiO2 diagram, the rocks 

from the Deccan LIP are subdivided into 

tholeiitic and alkaline series, similar to those of 

the tholeiitic and alkaline series of the Hawaiian 

Islands. Data field of tholeiitic basalts from the 

Kutch and Pavagadh regions overlaps the bound-

ary area of the alkaline series. In the Chhotaud-

epur region, there are rocks similar to those from 

different areas of the Deccan LIP (Fig. 3). 
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Fig. 3. Alkaliïsilica diagram of the CretaceousïPaleogene volcanic and subvolcanic rocks from the 

Chhotaudepur area in comparison with those from other areas of the Deccan LIP. Used are new analyt-

ical data from Table 1 and published data (Gwalani et al., 1993; Chandrasekharam et al., 1999; Melluso 

et al., 2006; Paul et al., 2008; Peng et al., 2014; Sen et al., 2009; Sheth, Melluso, 2008; Hari et al., 2011; 

2014; Hari, Swarnkar, 2011; Chalapathi Rao et al., 2012; Vijayan et al., 2016; Chandra et al., 2018; 

Pandey et al., 2019; Rasskazov et al., 2024). Data fields for rock from the Amba Dongar carbonatite 

complex are shown after (Gwalani et al., 1993; Srivastava, 1997; Chandra et al., 2018; Dhote et al., 

2021) M&K is the line (MacDonald, Katzura, 1964) that separates tholeiitic and alkaline series of the 

Hawaiian Islands. 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʱʝʣʦʯʠ ï ʢʨʝʤʥʝʟʝʤ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʨʘʡʦʥʘ ʏʭʦʪʘʫʜʝʧʫʨ (ʘ) ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʢʨʫʧʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ɼʝʢʘʥ (ʙ). 

ʀʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʪʘʙʣ. 1 ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ (Gwalani et al., 

1993; Chandrasekharam et al., 1999; Melluso et al., 2006; Paul et al., 2008; Peng et al., 2014; Sen et al., 

2009; Sheth, Melluso, 2008; Hari et al., 2011; 2014; Hari, Swarnkar, 2011; Chalapathi Rao et al., 2012; 

Vijayan et al., 2016; Chandra et al., 2018; Pandey et al., 2019; Rasskazov et al., 2024). ʇʦʣʷ ʧʦʨʦʜ 

ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʤʙʘ ɼʦʥʛʘʨ ʧʦʢʘʟʘʥʳ ʧʦ ʜʘʥʥʳʤ (Gwalani et al., 1993; Srivastava, 

1997; Chandra et al., 2018; Dhote et al., 2021). M&K ï ʣʠʥʠʷ (MacDonald, Katzura, 1964), ʨʘʟʜʝʣʷ-

ʶʱʘʷ ʪʦʣʝʠʪʦʚʫʶ ʠ ʱʝʣʦʯʥʫʶ ʩʝʨʠʠ ɻʘʚʘʡʩʢʠʭ ʦʩʪʨʦʚʦʚ. 

The Chhotaudepur alkaline series involves 

various rocks from basalts, tephrites, and basa-

nites to trachytes (syenites) and foidites. Petro-

graphically, these rocks are referred to "lampro-

phyres" (Chalapathi Rao et al., 2012; Pandey et 

al., 2019). Basalt and basanite (RCD-33A, RCD-

33B) fall in the combined fields of these rocks 

and alkali basalts of the Kutch rift (Paul et al., 

2008; Sen et al., 2009). Phonotephrite (RCD-29) 

is located in the field of highly alkaline rocks and 

is comparable with the AFS-2 group of alkali 

feldspar rocks of this area, described in (Hari et 

al., 2014). The presence of alkali feldspar rocks 

of syenite composition (AFS-1) indicates the de-

velopment of a moderately alkaline differenti-

ated series in the Chhotaudepur area. Highly al-

kaline (phonolite and foidite) dykes of the 

Chhotaudepur area are similar in composition to 

the Kawant dykes (Gwalani et al., 1993) and the 

rocks of the Sarnu-Dandali alkaline carbonatite 

complex located to the north of the study area 

(Vijayan et al., 2016) (Fig. 3). 

The Amba Dongar carbonatite complex is 

dominated by calcite carbonatites (sºvites) and 
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siderite carbonatites. There are nephelinites and 

phonolites also (Gwalani et al., 1993; Viladkar, 

1994; Simonetti et al., 1995; Srivastava, 1997; 

Ray et al., 2000a, b; Dhote et al., 2021). Silicate 

rocks of this complex generally have composi-

tions similar to those of dike rocks in other parts 

of the Chhotaudepur area. 
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Fig. 4. K2O versus MgO diagram of Cretaceous-Paleogene volcanic and subvolcanic rocks from the 

Chhotaudepur area (a) in comparison with rocks of other areas of the Deccan LIP (b). Symbols are as 

in Fig. 3. 

ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ K2O ï MgO ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʡ-

ʦʥʘ ʏʭʦʪʘʫʜʝʧʫʨ (ʘ) ʠ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ ʢʨʫʧʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ɼʝʢʘʥ (ʙ). ʋʩʣ. ʦʙʦʟʥ. 

ʩʤ. ʨʠʩ. 3. 

Trace elements 

The chondrite-normalized rare earth element 

(REE) patterns of the Chhotaudepur basalts and 

picrobasalts are almost flat. The La/Yb ratio var-

ies from 10.2 (picrobasalt) to 12.8 (RPV-2 basal-

tic andesite). REE patterns of the Chhotaudepur 

picrobasalt samples (RCD-21, PRV-4) are well 

comparable with those of the Pavagadh picro-

basalts and differ slightly from the NW-85 pic-

robasalt of the Kutch rift. The REE pattern of 

RCD-22 basalt corresponds to them, but differs 

in other element concentrations (Cs, K, Rb, Pb, 

P). The basaltic andesite (PRV-2) shows ele-

vated concentrations of incompatible elements 

from Rb to K (Fig. 5). All Chhotaudepur basaltic 

rock patterns fall into the fields for the silicate 

basaltic rocks of the Amba Dongar except the 

Chhotaudepur picrobasalts that show lower 

heavy REE (ErīLu) abundances. 

The pyrolite-normalized trace-element pat-

terns of the Chhotaudepur lamprophyres are sim-

ilar in shape those of basalts, but enriched in in-

compatible elements from Cs to Sm. The pat-

terns of basalts and lamprophyres have small K 

and Rb minima and a Pb maximum. Unlike the 

Kutch alkaline basalts, the Chhotaudepur lam-

prophyres have no ThïU minimum. They show 

higher contents of light REE. Alkaline syenite 

AFS-2 patterns have similar shapes, enriched in 

light REE and Sr. 
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Fig. 5. Normalized patterns of elements in order of incompatibility (a, c, e) and REE patterns (b, d, f) of 

volcanic and subvolcanic rocks from the Chhotaudepur area, Deccan Province (new and published data). 

New data are: a,b ï basaltic andesite and olivine basalt; c,d ï lamprophire; e,f ï phonolite and foidite. 

For comparison, the patterns of alkali syenite (Hari et al., 2014), fields of high-Mg basalts from Pav-

agadh and Kutch, Kutch alkali basalt and silicate rocks from Amba Dongar are shown (Paul et al., 2008; 

Sheth Melluso, 2008; Sen et al., 2009; Chandra et al., 2018). Data for normalization are from 

(McDonough, Sun, 1995). 

ʈʠʩ. 5. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʩʧʝʢʪʨʳ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʷʜʢʝ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ (ʘ,ʚ,ʜ) ʠ ʩʧʝʢʪʨʳ ʈɿʕ 

(ʙ,ʛ,ʝ) ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʘʡʦʥʘ ʏʭʦʪʘʫʜʝʧʫʨ ʧʨʦʚʠʥʮʠʠ ɼʝʢʘʥ (ʥʦʚʳʝ 

ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ). ʅʦʚʳʝ ʜʘʥʥʳʝ: ʘ,ʙ ï ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ʠ ʦʣʠʚʠʥʦʚʳʝ ʙʘʟʘʣʴʪʳ; ʚ,ʛ ï 

ʣʘʤʧʨʦʬʠʨʳ; ʜ,ʝ ï ʬʦʥʦʣʠʪ ʠ ʬʦʠʜʠʪ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʳ ʩʧʝʢʪʨʳ ʱʝʣʦʯʥʳʭ ʩʠʝʥʠʪʦʚ 

(Hari et al., 2014), ʧʦʣʷ ʚʳʩʦʢʦ-Mg ʙʘʟʘʣʴʪʦʚ ʇʘʚʘʛʘʜʭʘ ʠ ʂʫʪʯʘ, ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ ʂʫʪʯʘ (Paul 

et al., 2008; Sheth, Melluso, 2008; Sen et al., 2009) ʠ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ɸʤʙʘ ɼʦʥʛʘʨ 

(Chandra et al., 2018). ɺʝʣʠʯʠʥʳ ʜʣʷ ʥʦʨʤʠʨʦʚʘʥʠʷ ʠʟ ʨʘʙʦʪʳ (McDonough, Sun, 1995). 

The Chhotaudepur lamprophyres show REE 

patterns slightly curved downwards in the Sm to 

Dy range and elevated La/Yb ratios (25.4ï55.1), 

while the phonolites-foidites have more strongly 

curved patterns, depleted in heavy REE (from 

Gd to Lu), without Eu anomaly and with even 

higher La/Yb values (161ï226). In these param-

eters, they differ significantly from the AFS-1 al-

kaline syenites and Amba Dongar nephelinites 

with lower La/Yb ratio (56.3ï62.6). In the left 

part, the normalized REE patterns of phonolites-

foidites and AFS-1 alkaline syenites converge 

that may indicate that they originated by crystal-

lization differentiation from the same source. 

The trace element patterns of phonolite and foid-

ite are similar in shape to the pattern of AFS-2 

syenite, with the exception of the Ta minimum 

and Sr and Pb maxima. A common feature of 

phonolites-foidites and AFS-2 alkaline syenite is 

deep minima of phosphorus. Alkaline silicate 

rocks from the Amba Dongar differ from these 

rocks in elevated P and Ti and reduced K and Rb. 

Brief introduction into petrological 
problems of key alkaline massifs 

with carbonatites in North Asia 
In North Asia, carbonatites are associated 

with alkaline rocks of both ultrapotassic and 

sodic compositions (Vladykin, Pirajno, 2021). 

To understand the formation environment of car-

bonatites in North Asia, a key role play the Malo-

Murursky, Tomtor, and Weishan massifs. 

Malo-Murunsky massif 

The Malo-Murunsky massif is located in the 

central part of the Aldan Shield. Potassic silicate 

rocks from this massif were referred to 

lamproites (Vladykin, 1985). Carbonate rocks 

from this massif with high Ba and Sr concentra-

tions were compared with benstonite carbon-

atites of Samalpatti (Vorobyov et al., 1992). The 

age of the Malo-Murunsky massif was deter-

mined by the KïAr method at 138ï132 Ma (Ma-

khotkin et al., 1989). Studies of rocks in the 

Murun complex, performed over four decades, 

revealed a number of K-alkaline-ultramafic, 

basic, intermediate, and silicic (alkaline-granite) 

compositions as well as unique calcium-silicate 

ones (BaïSr carbonatites and charoitites) (Voro-

byov et al., 1992; Mitchel et al., 1994; Konev et 

al., 1996; Panina, Vladykin, 1994; Vorobyov, 

2021; Vladykin, Tsaruk, 2003; Vladykin, 2009; 

etc.). Doubts remains about whether the rocks of 

the Malo-Murunsky massif belong to lamproites 

or not (Mitchel et al., 1994; Vladykin, 2021). 

In the southwestern part of the Murun com-

plex, a 40 m thick horizontally lying body of car-

bonatites with high Ba and Sr contents was de-

tected. E.I. Vorobyov et al. (Vorobyov et al., 

1992; Vorobyov, 2021) and A.A. Konev et al. 

(1996) suggested the origin of these carbonatites 

from a homogeneous solid solution of BaïCa 

carbonate composition with an admixture of 

strontium. In the BaCO3ïCaCO3 system, this so-

lution is stable at temperatures above 850ÁC, be-

low which it undergoes solid-phase transfor-

mations. These authors showed that the car-

bonate component of the massif consists mainly 

of four minerals: calcite, benstonite, and BaïCa 

carbonate (X-carbonate) in close proportions and 

also a small admixture of rare-earth phosphate-

carbonate such as dakinshanite (Vorobyov et al., 

1992). More detail studies (Konev et al., 1996) 

revealed other mineral phases: Sr-calcite, 
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strontianite, Sr-witherite, olekminskite, 

paralsonite, burbankite, ankilite, malachite, and 

azurite. 

The Murun protocarbonate could not have a 

benstonite composition that is stable at a rela-

tively low-temperature (synthesized at room 

temperature). Benstonite crystallizes in the con-

sidered type of carbonatites as a result of late 

(postcrystallization) transformations of an earlier 

carbonate. Along with calcium (or calcite), mag-

nesian (or dolomite), ferrous-magnesian (anker-

ite-siderite), and sodium petrochemical types of 

carbonatites, characterized by the predominance 

of the calcite end member in the carbonate phase 

(from ~50 mol.% to 100 mol.%), it was proposed 

to distinguish a fifth (strontium-barium) petro-

chemical type using the example of rocks from 

the Samalpatti and Malo-Murunsky massifs. 

Within this type, it was suggested to distin-

guished varieties of carbonatites from variations 

in the chemical composition of a carbonate phase 

and its composition. It was proposed to retain the 

name "benstonite" for the Indian carbonatites, 

but the use of this name for the Murun carbon-

atites was problematic. The name "strontianite-

barite calcite carbonatite" was proposed. This 

variety of carbonatite is found on Murun com-

plex together with calcium-strontianite and ordi-

nary calcium carbonatite (Konev et al., 1996). 

Later on, Vladykin (2009) argued that the car-

bonatite body of the Murun massif resulted from 

separation of the residual silicate-carbonate 

magma from silicate rocks with its crystalliza-

tion in shallow conditions and effusion on the 

earth's surface. 

Weishan massif 

The Weishan carbonatite-alkaline complex is 

located in the southeastern margin of the North 

China Craton (East China, Shandong province). 

It is controlled by the Tanlu and Cangdong-Lan-

liao faults (Wang et al., 2019). REE mineraliza-

tion, occurred within quartz syenite and gneiss, 

was controlled by NW- and NE-trending faults 

(Ding et al., 2022). Carbonatite veins cut through 

plagiogneisses and biotite gneisses of mainly 

Neoarchean age. The associated silicate rocks in-

clude syenite, quartz syenite, aegirineïaugite sy-

enite, alkaline granite, and lamprophyre. 

KïAr ages of 140 Ma for a syenite and 110 

Ma for muscovite from carbonatite (Yang, 

Wooley, 2006) show intrusion of the Weishan 

carbonatite-alkaline massif approximately con-

temporaneously with the Malo-Murunsky mas-

sif. These magmatic events are close to the 

young Cretaceous-Paleogene Amba Dongar one 

in India. 

Tomtor massif 

The Tomtor massif is located on the east-

ern slope of the Anabar Shield (northeast of the 

Siberian platform). It has the form of a ring in-

trusion, the center of which is composed of car-

bonatites, and the periphery is mainly composed 

of nepheline and alkaline syenites. Yolites, 

lamproites, and other K-ultramafic rocks form 

dikes, sills, diatremes (Vladykin et al., 2014). 

The massif cut carbonate rocks of the Lower 

Riphean. Most of its surface is covered by Phan-

erozoic deposits of varying thickness ï from ten 

to a few hundred meters. According to geophys-

ical data, the Tomtor massif extends to a depth 

of 10 km, and its area exceeds 250 km2. Among 

similar massifs, it is one of the largest in the 

world. (Panina et al., 2016). It involves a deposit 

of Sc-REE-Y-Nb ores. Wide variations of C, O, 

and Sr isotopes indicate a complex component 

composition of rocks (Pokrovsky et al., 1990). 

New results of isotope studies revealed 2 primary 

magmatic trends of carbon and oxygen isotopes. 

With constant values of carbon isotopes, oxygen 

isotopes vary widely (trend I), and then both C 

and O increase linearly (trend II). These trends 

are explained by variations of temperature. It is 

assumed that the trends arise at different times 

(Ponomarchuk et al., 2024). 

UïPb and ArïAr ages of rocks from the 

massif 701ï675 Ma and 414ï387 Ma (Vladykin 

et al., 2014) indicate relatively old magmatic 

event that is comparable to generation of the Ne-

oproterozoic Samalpatti massif of India. 

Discussion 

The origin of the Deccan LIP is controversial. 

On the one hand, the Cambay rift junction and 

Deccan Trap volcanism was assumed to be asso-

ciated with the activities of the Reunion plume 

traced from Western India and Pakistan since ca. 

70 Ma (Mahoney et al., 2002). On the other hand, 



ʈʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ 

109 

 

the hotspot track crossing the Indian Ocean de-

parted from India ca. 90 Ma. Later on, at the Cre-

taceous-Paleogene boundary, volcanism of the 

Deccan Province developed through melting of 

recycled oceanic crust without involvement of 

plume material (Sheth, 2005). 

In interpretations of isotopic data of volcanic 

rocks, there are various options on contributions 

of mantle and crustal components from their 

deep sources. The Amba Dongar carbonatites 

have SrïNdïPb isotope signatures similar to the 

Reunion plume material (Simonetti et al., 1995; 

Ray et al., 2000b). Variations in Sr isotope com-

positions of the Amba Dongar carbonatites were 

interpreted in connection with the processes of 

assimilation by deep magmas of the lower crus-

tal material (ca. 5 %) and fractional crystalliza-

tion (Ray et al., 2000b). The 3He/4He isotope ra-

tios determined for clinopyroxenes and olivines 

of the Deccan alkaline complexes is close to the 
3He/4He isotope ratios of these minerals in the 

Reunion, Iceland, and Samoa basalts, but lower 

than in clinopyroxenes and olivines of the Loihi 

alkaline basalts (Basu et al., 1993). 

In the further discussion of this paper, we fo-

cus on analytical data related to: 1) timing of car-

bonatite magmatism of India and North Asia; 2) 

PbïNdïSr isotopic signatures of sources, and 3) 

distribution of Ba and Sr. 

Timing of carbonatites in India and North Asia 

In the Indian subcontinent, carbonatites are 

found not only in India, but also in Pakistan, Af-

ghanistan, and Sri Lanka. The whole age range 

of alkaline massifs with carbonatites covers time 

interval from >2400 Ma to <0.6 Ma (Krishna-

murthy, 2019; Randive, Meshram, 2020) (Fig. 

6). Timing of the Indian carbonatites is similar to 

the one of northeast Africa, where numerous late 

Phanerozoic carbonatite bodies are supple-

mented by the active carbonatite volcano Ol 

Doinyo Lengai (Dawson, 1983). 

 

 

Fig. 6. Temporal distribution of carbonatite magmatism in the Indian subcontinent (Randive, Meshram, 

2020). The study subjects of this work are marked with red arrows. 

ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʀʥʜʠʡʩʢʦʤ ʩʫʙ-

ʢʦʥʪʠʥʝʥʪʝ (Randive, Meshram, 2020). ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʤʝʯʝʥʳ ʢʨʘʩ-

ʥʳʤʠ ʩʪʨʝʣʢʘʤʠ. 

In North Asia, carbonatites are characteristic 

of the early to middle Phanerozoic (up to the 

Early Cretaceous), but no Late Cretaceous and 

Cenozoic carbonatites are known anywhere. The 

age range of Indian carbonatites (Fig. 6) at the 

upper limit is similar to the one of African 
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carbonatites and differs from ages of North 

Asian carbonatites (Fig. 7). Such age differences 

of carbonatites provide an additional argument 

for the onset designation of the latest 

geodynamic processes in Asia since ca. 90 Ma 

(Rasskazov, Chuvashova, 2013). 

 

 

Fig. 7. Scheme of Cenozoic displaying of carbonatites at the Indian subcontinent in relation to those in 

North Asia. Modified after (Rasskazov et al., 2020). LOMU sources are shown in blue, ELMU sources 

in yellow. 

ʈʠʩ. 7. ʉʭʝʤʘ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʢʘʨʙʦʥʘʪʠʪʦʚ ʥʘ ʀʥʜʠʡʩʢʦʤ ʩʫʙʢʦʥʪʠʥʝʥʪʝ ʚ ʩʦʦʪʥʦ-

ʰʝʥʠʠ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʢʘʨʙʦʥʘʪʠʪʦʚ ʚ ʉʝʚʝʨʥʦʡ ɸʟʠʠ. ʉʭʝʤʘ ʠʟ ʨʘʙʦʪʳ (Rasskazov et al., 2020) ʩ 

ʠʟʤʝʥʝʥʠʷʤʠ. ʉʠʥʠʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʠʩʪʦʯʥʠʢʠ LOMU, ʞʝʣʪʳʤ ï ʠʩʪʦʯʥʠʢʠ ELMU. 

Pb isotope signatures of deep sources 

On the diagram of initial isotope ratios of ura-

nogenic Pb (207Pb/204Pb ï 206Pb/204Pb), data 

points of carbonatites from the Neoproterozoic 

Samalpatti massif are approximated by a line 

with a slope corresponding to an age of 4.26 Ga. 

Carbonatite samples of the neighboring Neopro-

terozoic Sevattur massif are shifted above the 

trend of the Samalpatti massif and are approxi-

mated by a line yielding the same slope with a 

larger dispersion (Fig. 8a). This Hadean age es-

timate for carbonatite sources of the 

Neoproterozoic massifs extends beyond the age 

interval of 4.54ï4.44 Ga proposed for the solidi-

fied magmatic ocean of the Earth and is com-

pared with the estimates of the earliest secondary 

isochrones obtained for the later mantle proto-

liths of the early Earth (in the range of 4.44ï4.0 

Ga), which are exhibited by protoliths in the 

sources of Quaternary basalts of Jeju Island in 

the southern part of the Sea of Japan and of Cre-

taceous-Paleogene basalts of the South Gobi 

(Rasskazov et al., 2020). 
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Fig. 8. Age estimates of protoliths in carbonatite sources for the Samalpatti and Sevattur massifs on the 

diagram of 207Pb/204Pb ï 206Pb/204Pb initial ratios (at 800 Ma) (a) and igneous rocks from the Deccan LIP 

(b). Panel (a) uses data from (Schleicher et al., 1998; Ackerman et al., 2017). Panel (b) shows Low and 

Elevated m Viscous Protomantle Reservoirs (LOMUVIPMAR and ELMUVIPMAR, respectively), dis-

crimination lines of the LOMU, ELMU, and HIMU compositions, and data compilation after (Ras-

skazov et al., 2020) with additions on carbonatites and basanite from Amba Dongar (Simonetti et al., 

1995, 1998). The position of geochrons 4.0, 4.44 and 4.51 Ga is calculated relative to the Nanton com-

position of the iron meteorite Canyon Diablo that designates the onset of the CAI (calcium-alumina 

inclusions) event of 4.5673 Ga (Blichert-Toft et al., 2010). 

ʈʠʩ. 8. ʆʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʧʨʦʪʦʣʠʪʦʚ ʚ ʠʩʪʦʯʥʠʢʘʭ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʘʩʩʠʚʦʚ ʉʘʤʘʣʧʘʪʪʠ ʠ ʉʝʚʘʪʪʫʨ 

ʥʘ ʜʠʘʛʨʘʤʤʝ ʥʘʯʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ 207Pb/204Pb ï 206Pb/204Pb (ʥʘ 800 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) (ʘ) ʠ ʤʘʛʤʘ-

ʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʧʨʦʚʠʥʮʠʠ ɼʝʢʘʥ (ʙ). ʅʘ ʧʘʥʝʣʠ (ʘ) ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ (Schleicher et al., 1998; 

Ackerman et al., 2017). ʅʘ ʧʘʥʝʣʠ (ʙ) ʧʨʠʚʝʜʝʥʳ ʨʝʟʝʨʚʫʘʨʳ ʚʷʟʢʦʡ ʧʨʦʪʦʤʘʥʪʠʠ ʩ ʥʠʟʢʠʤ ʠ ʧʦ-

ʚʳʰʝʥʥʳʤ m (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, LOMUVIPMAR ʠ ELMUVIPMAR), ʣʠʥʠʠ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʩʦʩʪʘ-

ʚʦʚ LOMU, ELMU ʠ HIMU ʠ ʢʦʤʧʠʣʷʮʠʷ ʜʘʥʥʳʭ ʠʟ ʨʘʙʦʪʳ (Rasskazov et al., 2020) ʩ ʜʦʧʦʣʥʝʥʠ-

ʷʤʠ ʧʦ ʢʘʨʙʦʥʘʪʠʪʘʤ ʠ ʙʘʟʘʥʠʪʫ ɸʤʙʘ ɼʦʥʛʘʨʘ (Simonetti et al., 1995, 1998). ʇʦʣʦʞʝʥʠʝ ʛʝʦʭʨʦʥ 

4.0, 4.44 ʠ 4.51 ʤʣʨʜ ʣʝʪ ʨʘʩʩʯʠʪʘʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʪʘʚʘ Nanton, ʞʝʣʝʟʥʦʛʦ ʤʝʪʝʦʨʠʪʘ ʂʘʥʴʦʥ 

ɼʴʷʚʦʣʘ, ʦʙʦʟʥʘʯʘʶʱʝʛʦ ʥʘʯʘʣʦ ʩʦʙʳʪʠʷ CAI (calcium-alumina inclusions) 4.5673 ʤʣʨʜ ʣʝʪ ʥʘʟʘʜ 

(Blichert-Toft et al., 2010). 
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Sources of the Neoproterozoic carbonatites of 
South India were isolated from the convective 
mantle during the time interval from 4.26 to 0.8 
Ga. The positions of the Samalpatti massif sec-
ondary isochron relative the mantle geochron at 
800 Ma suggests a significantly lower 238U/204Pb 
(ɛ) value in the carbonatite source than in the pri-
mordial mantle material. The low-ɛ Hadean pro-
tolith contrasts sharply with the high-ɛ (HIMU) 
component common among modern Ocean Is-
land Basalts (OIB). 

In the 207Pb/204Pb ï 206Pb/204Pb diagram, data 
points of carbonatites and associated silicate 
rocks from igneous complexes of the Deccan 
Province shift slightly when recalculated to 66 
Ma, actually remain within symbols used in the 
diagram. For instance, for the Amba Dongar 95-
AMDO-002 carbonatite (Simonetti et al., 1998), 
the ratios measured were: 207Pb/204Pb = 15.80 
and 206Pb/204Pb = 19.159. When recalculated to 
66 Ma, the initial ratios obtained were: 
207Pb/204Pb = 15.799 and 206Pb/204Pb = 19.137. 
For the Amba Dongar basanite 95-AMDO-001, 
the ratios measured were: 207Pb/204Pb = 15.546 
and 206Pb/204Pb = 18.145. When recalculated to 
66 Ma, the initial ratios obtained were: 
207Pb/204Pb = 15.541 and 206Pb/204Pb = 18.037. 
Pb isotopes data are presented in published pa-
pers, with rare exceptions, without U and Pb con-
centrations. In the diagram of Fig. 8b, age cor-
rections are negligible, so these are plotted for 
the entire data set. On the 207Pb/204Pb versus 
206Pb/204Pb diagram, data points of carbonatites 

and silicate rocks of the Deccan Province occupy 
mainly the elevated ɛ (ELMU) region with ex-
tension into the HIMU one. Rocks of individual 
areas form trends that are interpreted as second-
ary isochrones with a slope corresponding to an 
age of ca. 2 Ga (Figs 8b, 9). 

On the one hand, some data points of the 
Amba Dongar carbonatites are plotted at the 4.2 
Ga geochron that corresponds to the age of car-
bonatite sources for the Samalpatti and Sevattur 
massifs. However, four samples of basaltic 
dykes from the Amba Dongar massif (Chandra 
et al., 2018, 2019) with (206Pb/204Pb)i>18.87 
yield a source age of 3.9 Ga. Four samples of 
Amba Dongar calcium carbonatites with 
(206Pb/204Pb)i from 19.03 to 19.17 show close 
age of 3.8 Ga for their source. These sources of 
Early Earth seem to be younger than those of car-
bonatites from South India. 

On the other hand, lateral shift of data points 
yield secondary isochron age estimate of their 
source (ca. 1.7 Ga) younger than the one for Fe 
carbonatites (ca. 2.2 Ga) (Fig. 9). Both are in a 
range of ages that are characteristic of the source 
region for tholeiitic basalts of the Deccan Prov-
ince. A position of carbonatite data points with 
elevated 207Pb/204Pb ratio relative to 2.12 Ga sec-
ondary isochron of the source for Kutch tholeiitic 
basalts assumes the carbonatite origin from an 
Early Earth source material modified due to the 
ca. 2 Ga event of the Middle Geodynamic Epoch 
in the Earth evolution. 

 

Fig. 9. Age estimates of protoliths for Ca and Fe carbonatites in Amba Dongar sources on the diagram 

of 207Pb/204Pb versus 206Pb/204Pb initial ratios (at 66 Ma). Used data are from (Chandra et al., 2019). The 

2.12 Ga secondary isochron of the source for tholeiitic basalts of Kutch is plotted from Fig. 8. The 

LOMU, ELMU, and HIMU compositions are discriminated after (Rasskazov et al., 2020). 
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ʈʠʩ. 9. ʆʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʧʨʦʪʦʣʠʪʦʚ ʚ ʠʩʪʦʯʥʠʢʘʭ Ca ʠ Fe ʢʘʨʙʦʥʘʪʠʪʦʚ ɸʤʙʘ ɼʦʥʛʘʨ ʥʘ ʜʠʘ-

ʛʨʘʤʤʝ ʥʘʯʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ 207Pb/204Pb ʠ 206Pb/204Pb (ʚʦʟʨʘʩʪ 66 ʤʣʥ ʣʝʪ). ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ 

ʠʟ ʨʘʙʦʪʳ (Chandra et al., 2019). ɺʪʦʨʠʯʥʘʷ ʠʟʦʭʨʦʥʘ 2.12 ʤʣʨʜ ʣʝʪ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʪʦʣʝʠʪʦʚʳʭ 

ʙʘʟʘʣʴʪʦʚ ʂʫʯʘ ʧʨʠʚʦʜʠʪʩʷ ʧʦ ʨʠʩ. 8. ʉʦʩʪʘʚʳ LOMU, ELMU ʠ HIMU ʨʘʟʜʝʣʷʶʪʩʷ ʧʦ ʨʘʙʦʪʝ 

(Rasskazov et al., 2020). 

Global distribution of the HIMU component 

in oceanic basalts indicates the possibility of 

long-term preservation of its reservoir and isola-

tion from the convective mantle in two potential 

regions of the Earth: 1) the shallow continental 

lithospheric mantle or 2) the base of the lower 

mantle. From Pb isotope estimates, most HIMU 

sources are referred to the Neoarchean and, par-

tially, to the Meso- and Paleoarchean (Homrig-

hausen et al., 2018) that is consistent with the in-

itial age estimate of 3ï2 Ga for the HIMU end-

member (Zindler, Hart, 1986). 

The global end-member such as the HIMU 

denotes the mantle volume involved in tectonic 

motions resulted in magmatism, i.e. the tectono-

sphere. About 800 million years ago, the Indian 

subcontinent was a part of Gondwana. Carbon-

atite magmas were generated at this time from a 

protolith with significantly lower ɛ value than 

similar magmas of the Deccan Province at about 

66 Ma. The protolith composition of carbonatite 

sources beneath the Indian subcontinent could 

have changed due to the processes of the late Pre-

cambrian (Pan-African) orogeny, but most likely 

the Pb isotopic composition of source protolith 

changed due to separation of the Indian subcon-

tinent from Gondwana with its subsequent colli-

sional interaction with the southern edge of Asia. 

Carbonatites from the Samalpatti and Sevattur 

and those from Amba Dongar were derived from 

the Early Earth protoliths (of ca. 4.26 and 3.85 

Ga, respectively). The latter yielded also ca. 1.7ï

2.2 Ga age estimates that assume their relation to 

processes responsible for origin of source mate-

rial for the Deccan LIP. 

No adequate age estimate is obtained for 

sources of carbonatites from the Neoproterozoic 

Tomtor massif because of their origin from mul-

tiple sources. For protoliths from sources of Cre-

taceous Aldan Shield lamproites, closely related 

to carbonatites, a secondary PbïPb isochron of 

3.45 Ga is calculated (Fig. 10). Protoliths from 

sources of Cretaceous carbonatites in the 

Weishan massif show an age estimate of ca. 2.2 

Ga. The latter yields a younger age estimate as 

compared to the one of the protolith (2.8 Ga) for 

alkaline granite porphyry dikes and other silicate 

rocks from this massif (Fig. 11). These protoliths 

designate processes related to the Middle Geo-

dynamic Epoch of the Earth evolution. At the lat-

est geodynamic stage (i.e., in the past 90 Ma), the 

tectonosphere of North Asia was affected by re-

organization resulted in ascent of primordial ma-

terial from the deep and shallow mantle with 

LOMU and ELMU signatures (Rasskazov et al., 

2020). 

 

Fig. 10. Age estimates for protoliths of lamproites of Aldan shield sources on the diagram of 207Pb/204Pb 

versus 206Pb/204Pb initial ratios (at 135 Ma). Data on rocks from the Murun, Upper Yakokut, and Loman 
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massifs are used (Davies et al., 2006). All data points occupy a region of LOMU compositions after 

(Rasskazov et al., 2020). 

ʈʠʩ. 10. ʆʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʧʨʦʪʦʣʠʪʦʚ ʣʘʤʧʨʦʠʪʦʚ ʠʩʪʦʯʥʠʢʦʚ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ ʥʘ ʜʠʘʛʨʘʤʤʝ 

ʥʘʯʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ 207Pb/204Pb ʠ 206Pb/204Pb (ʚʦʟʨʘʩʪ 135 ʤʣʥ ʣʝʪ). ʀʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʧʦ 

ʧʦʨʦʜʘʤ ʤʘʩʩʠʚʦʚ ʄʫʨʫʥ, ɺʝʨʭʥʠʡ ʗʢʦʢʫʪ, ʃʦʤʘʥ (Davies et al., 2006). ɺʩʝ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʙʣʘʩʪʠ ʤʘʥʪʠʡʥʳʭ ʩʦʩʪʘʚʦʚ LOMU (Rasskazov et al., 2020). 

 

Fig. 11. Age estimates for carbonatite sources of the Weishan massif on the diagram of 207Pb/204Pb 

versus 206Pb/204Pb initial ratios (at 110 Ma). Pb isotope compositions of associated silicate rocks of the 

massif are plotted for comparisons. Data used are from (Ding et al., 2022). A Low m Viscous Protoman-

tle Reservoir (LOMUVIPMAR) and discrimination line between the LOMU and ELMU compositions 

are shown after (Rasskazov et al., 2020). 

ʈʠʩ. 11. ʆʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʠʩʪʦʯʥʠʢʦʚ ʢʘʨʙʦʥʘʪʠʪʦʚ ʤʘʩʩʠʚʘ ɺʝʡʰʘʥʴ ʥʘ ʜʠʘʛʨʘʤʤʝ ʥʘʯʘʣʴʥʳʭ 

ʦʪʥʦʰʝʥʠʡ of 207Pb/204Pb ʠ 206Pb/204Pb (ʚʦʟʨʘʩʪ 110 ʤʣʥ ʣʝʪ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʥʘʥʝʩʝʥʳ ʠʟʦʪʦʧʥʳʝ 

ʩʦʩʪʘʚʳ Pb ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʤʘʩʩʠʚʘ. ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʨʘʙʦʪʳ (Ding et 

al., 2022). ʈʝʟʝʨʚʫʘʨ ʧʨʦʪʦʤʘʥʪʠʠ ʩ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ (LOMUVIPMAR) ʠ ʨʘʟʜʝʣʠʪʝʣʴʥʘʷ ʣʠʥʠʷ 

ʩʦʩʪʘʚʦʚ LOMU ʠ ELMU ʧʦʢʘʟʘʥʳ ʧʦ ʨʘʙʦʪʝ (Rasskazov et al., 2020). 

Nd and Sr isotope signatures of sources 

In the diagram of temporal variations of the 

initial Nd isotope composition (Fig. 12a), the Sa-

malpatti and Sevattur carbonatites and associ-

ated silicate rocks are located in the enriched re-

gion relative to the chondrite uniform reservoir 

(CHUR). Data points of the Amba Dongar car-

bonatites fall on the CHUR line, and those of as-

sociated silicate rocks extend into both the de-

pleted and enriched regions. 

A concentrated group of the Weishan carbon-

atites is plotted below the CHUR line and falls 

into the enriched region of the diagram. Silicate 

rocks of this igneous complex, with the excep-

tion of one sample, occupy also the enriched re-

gion of the diagram. Data points of carbonatites 

and associated potassic silicate rocks from the 

Malo-Murunsky massif are located in the en-

riched region and in this respect they are similar 

to potassic rocks of the Leucite Hills, Western 

USA and lamproites from Western Australia. 

Protoliths of a source for the Australian lampro-

ites have significantly enriched Nd isotopic com-

position (ŮNd from ï16 to ï7). On the diagram 
143Nd/144Nd ï 87Sr/86Sr, the lamproite trend ex-

tends to a data field of mica kimberlites (group 

II) (DePaolo, 1988). 

On the diagram of temporal variations of the 

initial isotope ratio (87Sr/86Sr)i (Fig. 12b), data 

points of the Samalpatti and Sevattur carbon-

atites and associated silicate rocks are located 

above the line of the undifferentiated mantle res-

ervoir. Similar positions are shown by data 

points of the Malo-Murunsky, Weishan, and 
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Amba Dongar carbonatites. Data points of sili-

cate rocks of the Weishan and Amba Dongar 

complexes are partially elevated. Those of the 

Leucite Hills are located near the line of the un-

differentiated reservoir, whereas data points of 

the West Australia lamproites are shifted due to 

sharp enrichment in radiogenic 87Sr (87Sr/86Sr i = 

0.710ï0.719). 

 

 

Fig. 12. Diagram of temporal variations in initial ŮNd(t) (a) and (87Sr/86Sr)i (ʙ). Symbols are as in Fig. 

11. Data are from (Simonetti et al., 1995; Schleicher et al., 1998; Ray et al., 2000a; Vladykin et al., 

2003; 2008; Vladykin, 2005; Mirnejad, Bell, 2006; Ackerman et al., 2017; Banerjee, Chakrabarti, 2019; 

Ding et al., 2022). Panel a shows the lines of Nd isotopic evolution of the chondritic universal reservoir 

(CHUR) (Faure, 1989) and depleted mantle in island arcs (DePaolo, Wasserburg, 1976), panel b shows 

the line of Sr isotopic evolution from the composition of BABI (Basaltic Achondrite Best Initial) (Faure, 

2001) and a parallel line of Sr isotopic evolution with the modern ratio 87Sr/86Sr = 0.7045, corresponding 

to the undifferentiated mantle. 

ʈʠʩ. 12. ɼʠʘʛʨʘʤʤʘ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʥʘʯʘʣʴʥʳʭ ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ Nd (ʘ) ʠ Sr (ʙ). ʋʩʣʦʚ-

ʥʳʝ ʦʙʦʟʥ. ʩʤ. ʨʠʩ. 11. ʀʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ (Vladykin, 2005; Simonetti et al., 1995; Schleicher et 

al., 1998; Ray et al., 2000a; Vladykin et al., 2003; 2008; Mirnejad, Bell, 2006; Ackerman et al., 2017; 

Banerjee, Chakrabarti, 2019; Ding et al., 2022). ʅʘ ʧʘʥʝʣʠ ʘ ʧʦʢʘʟʘʥʳ ʣʠʥʠʠ ʠʟʦʪʦʧʥʦʡ ʵʚʦʣʶʮʠʠ 

Nd ʭʦʥʜʨʠʪʦʚʦʛʦ ʦʜʥʦʨʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ (CHUR) (ʌʦʨ, 1989) ʠ ʦʙʝʜʥʝʥʥʦʡ ʤʘʥʪʠʠ ʧʦ 
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ʦʩʪʨʦʚʥʳʤ ʜʫʛʘʤ (DePaolo, Wasserburg, 1976), ʥʘ ʧʘʥʝʣʠ ʙ ï ʣʠʥʠʷ ʠʟʦʪʦʧʥʦʡ ʵʚʦʣʶʮʠʠ Sr ʦʪ 

ʩʦʩʪʘʚʘ ɺɸɺI (Basaltic Achondrite Best Initial) (Faure, 2001) ʠ ʧʘʨʘʣʣʝʣʴʥʘʷ ʝʡ ʣʠʥʠʷ ʠʟʦʪʦʧʥʦʡ 

ʵʚʦʣʶʮʠʠ Sr ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʦʪʥʦʰʝʥʠʝʤ 87Sr/86Sr = 0.7045, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦ-

ʚʘʥʥʦʡ ʤʘʥʪʠʠ. 

Initial Sr isotope ratio (87Sr/86Sr)i in a source 
of the Samalpatti carbonatites, similar to the ratio 
in sources of the Amba Dongar, Malo-
Murunsky, and Weishan carbonatites, indicates 
its enrichment in Rb (or depletion in Sr). Simi-
larly, initial ŮNd of the Samalpatti carbonatites is 
lower than the CHUR value that reflects a rela-
tive enrichment of carbonatite source region by 
light REE, similar to other carbonatite sources. 
Probably, the source rocks were affected by met-
asomatism resulted in elevated Rb and Nd con-
centrations. As a result, data points are shifted in 
the ŮNd(t) and (87Sr/86Sr)i from the undifferenti-
ated mantle reservoir. It is noteworthy that the 
source of the Samalpatti carbonatites is anoma-
lously depleted in 238U compared to 204Pb (rela-
tive to the protomantle reservoir of the solidified 
magma ocean of the early Earth). This phenom-
enon should be explained yet. 

More detail comparison of sources for vol-
canic and subvolcanic rocks from Chhotaudepur 
with those for basalts in other areas of the Dec-
can Province is performed using the initial Nd 
and Sr isotope ratios recalculated to the age of 66 
Ma. The initial isotope ratios of (87Sr/86Sr)i and 
(143Nd/144Nd)t=66 were defined in the Chhotaud-
epur basalts from 0.70555 to 0.70657 and from 
0.51259 to 0.51264, respectively. As compared 
to basalts, the PRV-2 basaltic andesite has an el-
evated (87Sr/86Sr)i value (0.70915) and a rela-
tively low (143Nd/144Nd) t=66 one (0.51237). In a 
RCD-21 picrobasalt, low (87Sr/86Sr)i (0.70446) 
and (143Nd/144Nd)t=66 (0.51216) were obtained, in 
the RPV-4 picrobasalt ï elevated (87Sr/86Sr)i 
(0.70725) and slightly decreased (143Nd/144Nd) 
t=66 (0.51254). Ranges of isotope ratios in lam-
prophyres: (87Sr/86Sr)i = 0.70625ï0.70732 and 
(143Nd/144Nd)t=66 = 0.51227ï0.51231; in foidite: 
(87Sr/86Sr)i = 0.70640, (143Nd/144Nd)t=66 = 
0.51237; in phonolite: (87Sr/86Sr)i = 0.70737, 
(143Nd/144Nd)t=66 = 0.51237 fall within the ranges 
of isotope ratios of lamprophyres and or slightly 
elevated. 

The Pavagadh picrobasalts have relatively de-
pleted Sr and Nd isotopic signatures ((87Sr/86Sr)i 
= 0.7044ï0.7045, (143Nd/144Nd)t=66 = 0.51270ï
0.51276). In contrast, the RCD-21 Chhotaudepur 
picrobasalt has an initial Sr isotopic value that 
fall within the range of those in high-Ti Pav-
agadh and Kutch picrobasalts in combination 
with similar initial Nd isotopic value, while the 

PRV-2 picrobasalt has a relatively enriched ini-
tial Sr and Nd isotopic composition. 

Barium and strontium 

Trends of Ba and Sr enrichment of carbon-
atites are clearly visible on diagram with linear 
scales (Fig. 13a). On the one hand, the Samal-
patti benstonite carbonatites show a trend of Ba 
enrichment. The Ba concentration reaches 230 
ppm. Increasing in barium concentration is not 
accompanied by increasing in strontium. On the 
other hand, a trend of increasing Sr is distin-
guished in the Weishan carbonatites. The Sr con-
centration reaches 135 ppm. In addition to the 
Weishan carbonatites, the high-Sr trend includes 
the Tomtor carbonatites. At its beginning, there 
are data points of some samples from the Sevat-
tur and Malo-Murunsky massifs. The third trend 
is formed by BaïSr carbonatites of the final 
phase of the Malo-Murunsky massif. The Ba 
concentration reaches 300 ppm. Increasing in Ba 
is accompanied by increasing in Sr (to 90 ppm). 

On the BaïSr diagram with logarithmic scales 
(Fig. 13b), carbonatites of India are subdivided 
into groups with low and high concentrations of 
these elements. Among the Neoproterozoic (ca. 
800 Ma) rocks of South India, carbonatites of the 
Samalpatti massif are of key importance. Among 
them, three groups are distinguished: 1) a group 
with low Sr and Ba abundances (Sr = 100ï1000 
ppm, Ba = 100ï1000 ppm, Ba/Sr = 0.5ï4.0), 2) 
a low-Ba group with an elevated Sr content (Sr = 
5000ï15000 ppm, Ba = 100ï1000 ppm, Ba/Sr < 
0.5), and 3) a high-Ba group (Ba = 20000ï
230000 ppm, Ba/Sr > 4.0). The Samalpatti 
benstonite carbonatites belong to the third group, 
in which an increase in Ba from 20 to 230 ppm 
is accompanied by a decrease in Sr from 10 to 
0.7 ppm. A similar subdivision into three groups 
is observed in carbonatites of the Sevattur mas-
sif, which is dominated by rocks with Sr and Ba 
contents comparable to those in the first and sec-
ond groups of the Samalpatti carbonatites. A sin-
gle sample of the Sevattur carbonatite is similar 
to the third group of the Samalpatti carbonatites. 
Data points of the Sevattur carbonatites are 
shifted to the inner part of the triangle (groups 1, 
2, and 3) of the Samalpatti carbonatites. The car-
bonatites of the Joggipatti have Ba and Sr similar 
only to group 2 of the Samalpatti carbonatites. 
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Fig. 13. Ba ï Sr diagrams for rocks of alkaline-carbonatite complexes from South India (Samalpatti and 

Sevattur massifs), China (Weishan massif), and Siberia (Malo-Murunsky and Tomtor massifs) in linear 

scales (a) and in logarithmic ones (b, c). Using linear scales, trends of enrichment of carbonatites in 

barium and strontium are distinguished. Data are from (Vladykin, 2005; Gwalani et al., 1993; Srivastava, 

1997; Vladykin et al., 2008; Banerjee, Chakrabarti, 2019; Wang et al., 2019; Dhote et al., 2021; Vla-

dykin, Pirajno, 2021; Ding et al., 2022). 
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ʈʠʩ. 13. ɼʠʘʛʨʘʤʤ rBa ï Sr ʧʦʨʦʜ ʱʝʣʦʯʥʦ-ʢʘʨʙʦʥʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʖʞʥʦʡ ʀʥʜʠʠ (ʤʘʩ-

ʩʠʚʳ ʉʘʤʘʣʧʘʪʪʠ ʠ ʉʝʚʘʪʪʫʨ), ʂʠʪʘʷ (ʤʘʩʩʠʚ ɺʵʡʰʘʥʴ) ʠ ʉʠʙʠʨʠ (ʄʫʨʫʥʩʢʠʡ ʠ ʊʦʤʪʦʨʩʢʠʡ 

ʤʘʩʩʠʚʳ) ʚ ʣʠʥʝʡʥʳʭ ʰʢʘʣʘʭ (ʘ) ʠ ʚ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ (ʙ, ʚ). ɼʘʥʥʳʝ ʠʟ ʨʘʙʦʪ (Vladykin, 2005; 

Gwalani et al., 1993; Srivastava, 1997; Vladykin et al., 2008; Banerjee, Chakrabarti, 2019; Wang et al., 

2019; Dhote et al., 2021; Vladykin, Pirajno, 2021; Ding et al., 2022). 

Cretaceous-Paleogene (~66 Ma) carbonatites 

of the Amba Dongar massif form a single cloud 

of data points scattered mainly between groups 2 

and 3 of the Samalpatti carbonatites. Some of the 

samples of the Amba Dongar carbonatites are 

isolated within the field of group 1 of Samalpatti. 

Thus, the Cretaceous-Paleogene carbonatites of 

Amba Dongar generally inherit the BaïSr speci-

ficity of the Neoproterozoic carbonatites. Data 

point clouds of silicate alkaline rocks of the Ne-

oproterozoic massifs of South India and the Cre-

taceous-Paleogene massif of Amba Dongar are 

shifted from those of carbonatites with a relative 

decrease in Ba and Sr. 

On the BaïSr diagram with logarithmic 

scales, data points of carbonatites from the Sibe-

rian and North China cratons are generally 

shifted relative to those of Indian carbonatites 

with enrichment in strontium (Fig. 13c). Data 

points of carbonatites from the Malo-Murunsky 

massif are distributed along the line of Ba/Sr = 4. 

Those of carbonatites from other massifs (par-

tially data points of the Malo-Murunsky carbon-

atites) are distributed along the line of Ba/Sr = 

0.5 and below it. Data points of the Weishan car-

bonatites mainly belong to the latter trend, but 

several data points fall at the beginning of the 

BaïSr trend for the Malo-Murunsky carbon-

atites. The clouds of data points of alkaline sili-

cate rocks are sharply shifted towards the area of 

the diagram with a lower strontium concentra-

tion. 

The diagrams in Fig. 13 indicate different pat-

terns of Ba and Sr concentration in the Indian and 

North Asian carbonatites. In the early massifs of 

India (Samalpatti, Sevattur, Joggipatti) three 

components are distinguished. In the late massif 

(Amba Dongar), they give intermediate compo-

sitions perceived as a result of mixing. In the dis-

tribution of Ba and Sr, inheritance of compo-

nents is clearly revealed. In Asia, the Malo-

Murunsky massif, on the one hand, and the 

Tomtor and Weishan massifs, on the other hand, 

form enrichment trends in Ba and Sr (Malo-

Murunsky) and Sr (Tomtor and Weishan), 

respectively. Such a difference in trends serves 

as an addition argument to the general age differ-

ence of carbonatites and their sources in these re-

gions: the limitation of carbonatite magmatism 

in North Asia to the Early Cretaceous and its 

continuation on the Indian subcontinent through-

out the Cenozoic (Figs 6, 7). 

Conclusion 

The character of carbonatite sources in the In-

dian subcontinent was considered in the Samal-

patti and Amba Dongar alkaline massifs in com-

parison with similar massifs occurred in North 

Asia. It was inferred that carbonatites of India 

have similar ages to those of Africa and differ 

from carbonatites of North Asia, where they are 

absent at the latest geodynamic stage, i.e. in the 

past 90 Ma. Another regional difference of car-

bonatites is exhibited in distribution of Ba and 

Sr. In the early massifs of India (Samalpatti, Se-

vattur, Joggipatti), there are three components 

that give intermediate compositions in the late 

massif (Amba Dongar), perceived as a result of 

mixing. The inherited nature of the components 

of carbonatites of different ages in India is 

clearly displayed in the distribution of Ba and Sr 

in carbonatites. In North Asia, carbonatites form 

independent trends of Ba and Sr (Murun) and Sr 

(Tomtor and Weishan) enrichments. 

It is assumed that in the evolution of the tec-

tonosphere of the Indian subcontinent, there was 

a time, when it was part of Gondwana and was 

combined with the subcontinents of Africa, Aus-

tralia, and Antarctica. During the tectonosphere 

activities of the Indian subcontinent about 800 

million years ago, carbonatite melts from the 

protomantle reservoir of 4.26 Ga (in the Early 

Mantle Geodynamic Epoch) were generated that 

sharply differed from the reservoir of the primor-

dial mantle of the solidified magma ocean by low 

ɛ. Further studies are required to clarify the 

origin of Pb isotope signatures in this source. 

After the Indian subcontinent separation from 

Gondwana in the time interval of 130ï100 Ma 

and its merge with Asia about 66 Ma, the source 
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of the low Õ Samalpatti carbonatite reservoir was 

no longer dominated in the tectonosphere of the 

Indian subcontinent. It was replaced by a source 

of ELMU carbonatites and silicate rocks. The 

source of the Amba Dongar carbonatites had the 

protolith of the Early Earth mantle partly modi-

fied in the Middle Geodynamic Epoch of the 

Earth evolution (ca. 2 Ga), when the protoliths 

for silicate melts of the Deccan LIP were gener-

ated. 

A large set of variables in evolution of deep 

continental magmatism resulted in a practice of 

separate consideration of the component compo-

sition of rocks of each area with creation of spe-

cific models for the evolution of mantle and crus-

tal processes. Alkaline-ultramafic complexes 

with carbonatites show general difference in 

their deep sources in cratonic and folded areas of 

continents in terms of Nd and Sr isotopes. In ge-

ological past of continental areas, these isotopic 

signatures require clarification in terms of Pb 

isotope ages of deep photoliths involved in melt-

ing. For sources of carbonatites considered, the 

SmïNd and RbïSr isotope systems show en-

riched signatures. 
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ʢʦʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʢʦʩʝʡʩʤʠʯʝʩʢʠʤ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʚʘʨʠʘʮʠʷʤ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪʘʥʮʠʡ 

ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. ɼʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʝʡʩʤʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ɸʀ ʟʘʧʫʩʢʘʝʪʩʷ ʚ ʦʩ-

ʥʦʚʥʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʩʞʘʪʠʷ ʉʘʷʥʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʩʝʢʪʦʨʘ ʀʥʜʦ-ɸʟʠʘʪʩʢʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ 

(ʉʄʉʀɸʂ), ʘ ʩʝʡʩʤʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʀA ï ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʨʘʩʪʷʞʝʥʠʷ ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴ-

ʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʨʠʜʦʨʘ (ʗɹɻʂ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʤʦʥʠʪʦʨʠʥʛ, ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥ-

ʮʠʘʣ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ɹʘʡʢʘʣ 

Operational Analysis of Crustal Extension and Compression in the 
Baikal Rift System from Real-Time Variations in Groundwater 

                                                 
* * ʉʪʘʪʴʷ ʧʦʣʫʯʝʥʘ: 10.09.2025; ʠʩʧʨʘʚʣʝʥʘ: 15.09.2025; ʧʨʠʥʷʪʘ: 26.09.2025. 
ɼʃʗ ʎʀʊʀʈʆɺɸʅʀʗ: ʈʘʩʩʢʘʟʦʚ ʉ.ɺ., ʏʝʙʳʢʠʥ ɽ.ʇ., ʉʥʦʧʢʦʚ ʉ.ɺ., ɸʩʣʘʤʦʚ ʀ.ɸ., ɸʨʭʠʧʝʥʢʦ ɺ.ʀ., ʀʣʴʷ-

ʩʦʚʘ ɸ.ʄ. ʆʧʝʨʘʪʠʚʥʳʡ ʘʥʘʣʠʟ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʝ ʧʦ ʚʘʨʠʘʮʠʷʤ 

ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ: ʦʮʝʥʢʘ ʩʦʦʪʥʦʰʝʥʠʡ ʩʠʣʦʚʳʭ ʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ // 

ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2025. ʊ. 5, ˉ 3. ʉ. 126ï170. DOI 10.26516/2541-9641.2025.3.126. EDN: VTCVBH 

Article received: 10.09.2025; corrected: 15.09.2025; accepted: 26.09.2025. 

FOR CITATION: Rasskazov S.V., Chebykin E.P., Snopkov S.V., Aslamov I.A., Archipenko V.I., Ilyasova A.M. 

Operational Analysis of Crustal Extension and Compression in the Baikal Rift System from Real-Time Variations in 

Groundwater Oxidation-Reduction Potential: Assessment of the relationship between Force and Seismic pulses // Geol-

ogy and Environment. 2025. Vol. 5, No. 3. P. 126ï170. DOI 10.26516/2541-9641.2025.3.126. EDN: VTCVBH 

https://doi.org/10.26516/2541-9641.2025.3.126
https://elibrary.ru/vtcvbh
https://doi.org/10.26516/2541-9641.2025.3.126
https://elibrary.ru/vtcvbh
https://doi.org/10.26516/2541-9641.2025.3.126
https://elibrary.ru/vtcvbh


ʄʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

127 

 

Oxidation-Reduction Potential: Assessment of the relationship 
between Force and Seismic pulses 
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5Limnological Institute SB RAS, Irkutsk, Russia 

Abstract. The seismogenic state of the earth's crust in the Baikal Rift System (BRS) is assessed in 

the spring and summer 2025. Spatio-temporal distribution of earthquakes are defined two pulses: 1) 

April 30 ï June 12 (pulse AJ) and 2) June 17 ï August 13 (pulse JA). Earthquakes of the former pulse 

are traced in the eastern and western BRS with subsequent concentration and extinction in the west, 

earthquakes of the latter one are identified in the eastern BRS with shift to its center and extinction. 

Seismogenic effects of compression or extension forces of the crust are determined by coseismic co-

ordinated variations in groundwater ORP at the Kultuk area. It is augured that the AJ seismic pulse is 

initiated due to forces of the both Japan-Baikal Geodynamic Corridor (JBGC) and Sayan-Mongolian 

Sector of Indo-Asian Convergence (SMSIAC), while the JA one is resulted only from the JBGC forces. 

Keywords: groundwater, monitoring, oxidation-reduction potential, earthquakes, Baikal 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ 

ʇʦʥʠʤʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʡ-

ʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦ-

ʚʦʡ ʩʠʩʪʝʤʝ (ɹʈʉ) ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʛʠʧʦʪʝʟʝ 

ʝʝ ʥʦʚʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ. ʉʝʡʩʤʠʯʥʦʩʪʴ ʩʣʫ-

ʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʠʥʠʤʘʝ-

ʤʦʡ ʛʠʧʦʪʝʟʳ. ɽʩʣʠ ʛʠʧʦʪʝʟʘ ʥʝ ʦʙʲʷʩʥʷʝʪ 

ʨʘʟʚʠʪʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʦʥʘ ʥʝ 

ʚʝʨʥʘ, ʠ ʜʦʣʞʥʘ ʟʘʤʝʥʷʪʴʩʷ ʜʨʫʛʦʡ ʛʠʧʦʪʝ-

ʟʦʡ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʙʲʷʩʥʷʶʱʝʡ ʠʤʝʶ-

ʱʠʝʩʷ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. ɽʩʣʠ ʞʝ ʛʠʧʦ-

ʪʝʟʘ ʦʙʲʷʩʥʷʝʪ ʨʘʟʚʠʪʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦ-

ʮʝʩʩʘ, ʦʥʘ ʚʝʨʥʘ, ʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʩʝʡʩʤʠʯʥʦʩʪʠ ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʝʝ ʥʦʚʳʝ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʚ ʠʟʫʯʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʨʠʬʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʥʦʚʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚʧʘ-

ʜʠʥ ʦʟ. ɹʘʡʢʘʣ ʠ ʩʫʭʦʜʦʣʴʥʳʭ ʚʧʘʜʠʥ ʩʦʧʨʝ-

ʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʪʨʘʢʪʦʚʘʣʦʩʴ ʚ ʨʘʟʥʦʝ 

ʚʨʝʤʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ, ʢʦʪʦ-

ʨʳʝ ʩʢʣʘʜʳʚʘʣʠʩʴ ʠʟ ʣʠʯʥʦʛʦ ʦʧʳʪʘ ʠ ʧʨʦ-

ʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʥʪʝʨʝʩʦʚ ʘʚʪʦʨʦʚ (ʌʣʦʨʝʥ-

ʩʦʚ, 1948, 1960; ʇʘʚʣʦʚʩʢʠʡ, 1948; ʃʦʛʘʯʝʚ, 

1977, 2023; Molnar, Tapponnier, 1975; ɿʦʥʝʥ-

ʰʘʡʥ ʠ ʜʨ., 1978; ʐʝʨʤʘʥ, ʃʝʚʠ, 1977, 1978; 

ʍʨʝʥʦʚ ʠ ʜʨ., 1975; Tapponnier, Molnar, 1979; 

Logatchev, Zorin, 1992; ʋʬʠʤʮʝʚ, 1987; ɿʦ-

ʨʠʥ, ʂʦʨʜʝʣ, 1991; ʐʝʨʤʘʥ, 2014). ɺ ʵʪʠʭ 

ʛʠʧʦʪʝʟʘʭ ʥʝ ʫʯʠʪʳʚʘʣʩʷ ʭʘʨʘʢʪʝʨ ʚʫʣʢʘʥʠ-

ʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ (ʈʘʩʩʢʘʟʦʚ, 

ʏʫʚʘʰʦʚʘ, 2023). 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ 

ʜʘʥʥʳʝ ʦ ʩʪʨʘʪʠʛʨʘʬʠʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝ-

ʥʠʡ ʨʠʬʪʦʚʳʭ ʚʧʘʜʠʥ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝ-

ʤʝʥʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʫʣʢʘʥʠʟʤʘ ʠ ʝʛʦ 

ʛʣʫʙʠʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʥʘ ʥʦʚʝʡʰʝʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʵʪʘʧʝ ʚʫʣ-

ʢʘʥʠʟʤ ɹʈʉ ʨʘʟʚʠʚʘʣʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʩʪʷ-

ʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ, ʩʦʟʜʘʚʘʚʰʠʭʩʷ ʚ ʣʠʪʦ-

ʩʬʝʨʝ ʝʝ ʚʦʩʪʦʢʘ ʠ ʮʝʥʪʨʘ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦ-

ʨʠʜʦʨʘ (ʗɹɻʂ) ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʩʠʣʦʚʦʤ 

ʵʬʬʝʢʪʝ ʩʞʠʤʘʶʱʠʭ ʫʩʠʣʠʡ ʥʘ ʣʠʪʦʩʬʝʨʫ 

ʟʘʧʘʜʘ ɹʈʉ ʚ ʉʘʷʥʦ-ʄʦʥʛʦʣʴʩʢʦʤ ʩʝʢʪʦʨʝ 

ʀʥʜʦ-ɸʟʠʘʪʩʢʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ (ʉʄʉʀɸʂ). 

ʀʩʪʦʯʥʠʢʠ ʚʫʣʢʘʥʠʟʤʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʟʚʠ-

ʪʠʝʤ ʗɹɻʂ, ʥʘʭʦʜʠʣʠʩʴ ʚ ʛʣʫʙʦʢʦʡ ʤʘʥʪʠʠ, 

ʪʦʛʜʘ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʚʫʣʢʘʥʠʟʤʘ, ʩʚʷʟʘʥʥʦʛʦ 

ʩ ʨʘʟʚʠʪʠʝʤ ʉʄʉʀɸʂ, ʚ ʦʩʥʦʚʥʦʤ ʦʛʨʘʥʠʯʠ-

ʚʘʣʠʩʴ ʝʝ ʣʠʪʦʩʬʝʨʥʦʡ ʯʘʩʪʴʶ, ʪ.ʝ. ʠʤʝʣʠ ʚ 

ʮʝʣʦʤ ʤʝʥʴʰʠʝ ʛʣʫʙʠʥʳ, ʯʝʤ ʠʩʪʦʯʥʠʢʠ 

ʗɹɻʂ (Chuvashova et al., 2017; ʈʘʩʩʢʘʟʦʚ, ʏʫ-

ʚʘʰʦʚʘ, 2018). ʍʦʪʷ ʩʝʡʩʤʠʯʥʦʩʪʴ ʦʛʨʘʥʠʯʠ-

ʚʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʛʣʫʙʠʥʘʤʠ ʟʝʤʥʦʡ 

ʢʦʨʳ, ʨʘʟʣʠʯʠʝ ʛʝʦʜʠʥʘʤʠʢʠ ʚʦʩʪʦʯʥʦʛʦ ʠ ʟʘ-

ʧʘʜʥʦʛʦ ʦʢʦʥʯʘʥʠʡ ɹʈʉ ʥʝ ʤʦʞʝʪ ʥʝ 



ɻʝʦʣʦʛʠʷ ʠ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ. 2025. ʊ. 5, ˉ 3 

 

128 

 

ʩʢʘʟʘʪʴʩʷ ʥʘ ʭʘʨʘʢʪʝʨʝ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨ-

ʤʘʮʠʡ. 

ʆʧʳʪ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, 

ʥʘʢʦʧʣʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩ 

2012 ʛ., ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʫʚʝʨʝʥʥʳʡ ʩʨʝʜʥʝʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ ʛʝ-

ʥʝʨʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

ʚ ɹʈʉ. ɺ 2020ï2025 ʛʛ. ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨ-

ʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʥʠ-

ʪʦʨʠʥʛʘ, ʚʩʝʣʷʶʱʠʝ ʦʧʪʠʤʠʟʤ ʚ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʦʮʝʥʢʠ ʧʦʜʛʦʪʦʚʢʠ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʢʨʘʪʢʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʛʝʦʭʠʤʠ-

ʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ, ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ 

ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʵʢʩʧʨʝʩʩʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʡ Li, Na, Si ʠ ʫʨʘʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

(ʢʦʥʮʝʥʪʨʘʮʠʡ 238U, 234U, ʦʪʥʦʰʝʥʠʷ 
234U/238U). ʏʪʦʙʳ ʧʦʣʫʯʘʪʴ ʦʧʝʨʘʪʠʚʥʫʶ ʛʠʜ-

ʨʦʛʝʦʭʠʤʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʱʫʶ ʦ ʛʨʷʜʫʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ, 

ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʧʨʦʙ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʩ-ʩʧʝʢ-

ʪʨʦʤʝʪʨʘ. ɺ ʦʜʠʥ ʜʝʥʴ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʩʝʨʠʷ 

ʜʦ 50 ʧʨʦʙ. ʌʘʢʪʠʯʝʩʢʠ, ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ ʟʘʧʘʟʜʳʚʘʶʪ. ʇʨʠʥʮʠʧ ʥʝʧʨʝʨʳʚ-

ʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝʠʟʙʝʞʥʦ ʥʘʨʫʰʘʝʪʩʷ. ʇʨʠʟʥʘʢʠ ʧʨʠʙʣʠʞʝ-

ʥʠʷ ʩʠʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʣʠʰʴ ʚ ʩʣʫʯʘʝ ʠʭ ʫʜʘʯʥʦʛʦ ʩʦʚ-

ʧʘʜʝʥʠʷ ʩ ʜʥʝʤ ʘʥʘʣʠʟʘ ʩʝʨʠʠ ʧʨʦʙ. 

ɿʘʜʘʯʘ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪʩʷ ʧʦʣʫʯʝʥʠʝʤ 

ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɺ ʩʫʱ-

ʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛ ʚ ʪʘʢʦʤ ʨʝʞʠʤʝ ʠʤʝʝʪ 

ʩʤʳʩʣ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʛʥʦʟʘ ʨʘʟʚʠʪʠʷ ʧʨʦ-

ʮʝʩʩʘ ʙʣʠʞʘʡʰʝʛʦ ʙʫʜʫʱʝʛʦ. ɽʩʣʠ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝ ʫʞʝ ʩʣʫʯʠʣʦʩʴ, ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʪʘʥʦʚʷʪʩʷ ʙʝʩ-

ʧʦʣʝʟʥʳʤʠ. ʈʘʟʫʤʝʝʪʩʷ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʪʘʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʩʫʪ 

ʢʣʶʯʝʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩ-

ʭʦʜʷʱʠʭ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ. ʇʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʨʦʣʴ ʤʦʞʝʪ 

ʠʛʨʘʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦ-

ʪʝʥʮʠʘʣ ʧʦʜʟʝʤʥʳʭ ʚʦʜ (ʆɺʇ), ʠʟʤʝʨʷʝʤʳʡ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ɿʥʘʯʝʥʠʷ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʩʞʘʪʠʠ ʟʝʤʥʦʡ 

ʢʦʨʳ ʠ ʩʥʠʞʘʶʪʩʷ ʧʨʠ ʝʝ ʨʘʩʪʷʞʝʥʠʠ (ʈʘʩ-

ʩʢʘʟʦʚ ʠ ʜʨ., 2023). ʊʝʦʨʝʪʠʯʝʩʢʠ, ʩʞʘʪʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ ʚʳʟʳʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʧʴʝʟʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʳʨ ʚ ʢʚʘʨʮʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʚʦʟʨʘʩʪʘʝʪ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʠʛʨʘʶʱʠʭ 

ʨʦʣʴ ʵʣʝʢʪʨʦʣʠʪʘ (Freund, 2013). ʈʘʩʪʷʞʝʥʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ ʥʠʚʝʣʠʨʫʝʪ ʵʬʬʝʢʪ ʧʴʝʟʦʵʣʝʢ-

ʪʨʠʯʝʩʢʠʭ ʜʳʨ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʦʧʝʨʘʪʠʚ-

ʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʘʤ ʩʚʷʟʝʡ ʚʘ-

ʨʠʘʮʠʡ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʚʝʩʪʠ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʳʡ 

ʧʨʦʛʥʦʟ ʩʝʡʩʤʦʦʧʘʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʝʤʥʦʡ 

ʢʦʨʳ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʢʨʘʪʢʦʩʨʦʯʥʳʡ ʧʨʦ-

ʛʥʦʟ ʪʨʝʙʫʝʪ ʦʧʝʨʘʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʆɺʇ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʧʦʜʛʦʪʦʚʢʝ ʠ ʨʝʘʣʠʟʘʮʠʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʘʨʠʘʮʠʡ ʆɺʇ 

ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʜʣʷ ʧʨʦʛʥʦʟʘ ʩʝʡʩʤʠʯʥʦ-

ʩʪʠ ʚʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʂʫʣʪʫʢʩʢʦʤ 

ʧʦʣʠʛʦʥʝ ɹʈʉ, ʥʘ ʢʦʪʦʨʦʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴ-

ʥʦʛʦ ʚʨʝʤʝʥʠ (ʢʘʞʜʳʝ 2 ʤʠʥʫʪʳ) ʧʨʦʚʦʜʷʪʩʷ 

ʠʟʤʝʨʝʥʠʷ ʆɺʇ, ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʝʥʩʦʨʳ 

ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʥʘʯʘʣʝ ʜʝʢʘʙʨʷ 2023 ʛ. ʥʘ 

ʜʚʫʭ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʪʘʥʮʠʷʭ: ʩʪ. 9 ï ɿʝʤ-

ʣʷʥʠʯʥʘʷ ʂɹɾɼ ʠ ʩʪ. 184 ï ʐʢʦʣʴʥʘʷ. ʇʝʨ-

ʚʘʷ ʠʟ ʥʠʭ ʥʘʭʦʜʠʪʩʷ ʚ ʢʨʘʝʚʦʤ ʆʙʨʫʯʝʚʩʢʦʤ 

ʨʘʟʣʦʤʝ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ, ʚʪʦʨʘʷ 

ï ʥʘ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʦʩʝ-

ʚʦʡ ʯʘʩʪʠ ɹʈʉ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ɿʝʤʣʷʥʠʯʥʘʷ ʂɹɾɼ) ʠ ʩʪ. 184 

(ʐʢʦʣʴʥʘʷ) ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʩʝʥʩʦʨʘʤʠ ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʆɺʇ, ʨʅ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʝʞʠʤʝ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʟʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ ʦʟ. ɹʘʡʢʘʣ (ʧʦʩ. ʂʫʣʪʫʢ). ʋʩʣʦʚʠʷ ʫʩʪʘʥʦʚʢʠ ʩʝʥʩʦʨʦʚ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ ʨʘʙʦʪʝ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2023). ʇʘʣʝʦʩʝʡʩʤʦʜʠʩʣʦʢʘʮʠʠ ʚ ʰʦʚʥʦʡ ʟʦʥʝ ɻʣʘʚ-

ʥʦʛʦ ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʧʦʢʘʟʘʥʳ ʧʦ ʨʘʙʦʪʝ (ʏʠʧʠʟʫʙʦʚ, ʉʤʝʢʘʣʠʥ, 1999). 

Fig. 1. Layout of monitoring wells station 9 (Zemlyanichnaya, Circum-Baikal Railway) and station 184 

(Shkolnaya) on the western coast of Lake Baikal (Kultuk settlement) with installed sensors for real-time 

measuring ORP, pH, and temperature. The installation conditions of the sensors are described by (Ras-

skazov et al., 2023). Paleoseismic dislocations at the suture zone of the Main Sayan Fault are shown 

after (Chipizubov, Smekalin, 1999). 

ʋʩʪʘʥʦʚʢʘ ʜʚʫʭ ʩʝʥʩʦʨʦʚ ʧʦʪʨʝʙʦʚʘʣʘʩʴ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʣʦʚʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝ-

ʥʠʡ ʧʝʨʝʭʦʜ ʦʪ ʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭ ʚʘʨʠʘʮʠʡ 

ʆɺʇ ʩʪʘʥʮʠʡ ʨʘʟʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢ-

ʪʫʨ ʢ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʚʘʨʠʘʮʠʷʤ, ʢʦʪʦʨʳʝ, 

ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʝʨʝʭʦʜʫ 

ʢ ʦʙʱʝʤʫ ʩʞʘʪʠʶ ʠʣʠ ʨʘʩʪʷʞʝʥʠʶ ʟʝʤʥʦʡ 

ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʤʫ ʨʝʘʣʠʟʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ɹʈʉ. ʇʝʨ-

ʚʦʥʘʯʘʣʴʥʦ ʩʪʘʚʠʣʘʩʴ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʩʠʛ-

ʥʘʣʦʚ ʆɺʇ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʠʛ-

ʥʘʣʘ, ʫʢʘʟʳʚʘʶʱʝʛʦ ʥʘ ʧʨʝʜʩʝʡʩʤʦʛʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʢʦʨʳ ʩ ʜʘʣʴʥʝʡʰʠʤ ʧʦʜʪʚʝʨʞʜʝ-

ʥʠʝʤ ʪʘʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ ʛʠʜ-

ʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ʇʦʢʘ ʥʝʷʩʥʦ, 

ʤʦʞʝʪ ʣʠ ʤʦʥʠʪʦʨʠʥʛ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʦʙʝʩʧʝʯʠʪʴ ʢʨʘʪʢʦʩʨʦʯʥʳʡ ʧʨʦʛʥʦʟ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ ɹʈʉ ʚ ʪʘʢʦʡ ʞʝ ʤʝʨʝ ʢʘʢ ʛʠʜʨʦʛʝʦ-

ʭʠʤʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ? 

ɺ ʩʘʤʦʤ ʥʘʯʘʣʝ ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʝʞʠʤʝ ʨʝ-

ʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʟʦʰʣʦ ʉʝʚʝʨʦ-

ɹʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 15 ʷʥʚʘʨʷ 2024 ʛ. 

(ʂ=14.4). ʅʘ ʝʛʦ ʧʦʜʛʦʪʦʚʢʫ ʙʳʣ ʧʦʣʫʯʝʥ ʷʨ-

ʢʠʡ ʦʪʢʣʠʢ ʚ ʚʠʜʝ ʤʘʢʩʠʤʫʤʘ ʆɺʇ ʩʪ. 9 (ʈʘʩ-

ʩʢʘʟʦʚ ʠ ʜʨ., 2024). ɺ ʭʦʜʝ ʜʘʣʴʥʝʡʰʝʛʦ ʤʦ-

ʥʠʪʦʨʠʥʛʘ ʚʳʷʩʥʠʣʦʩʴ, ʦʜʥʘʢʦ, ʯʪʦ ʆɺʇ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʝʪ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘ-

ʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ, ʥʦ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. ʅʘ ʢʘʢʦʤ-ʪʦ ʚʨʝʤʝʥʥʦʤ ʦʪʨʝʟʢʝ ʚ 

ʚʘʨʠʘʮʠʷʭ ʆɺʇ ʧʨʦʷʚʣʷʝʪʩʷ ʦʜʠʥ ʠʟ ʥʠʭ, ʥʘ 

ʜʨʫʛʦʤ ʚʨʝʤʝʥʥʦʤ ʦʪʨʝʟʢʝ ʚʣʠʷʥʠʝ ʜʝʡʩʪʚʫ-

ʶʱʝʛʦ ʬʘʢʪʦʨʘ ʦʩʣʘʙʝʚʘʝʪ, ʠ ʚ ʚʘʨʠʘʮʠʷʭ 

ʆɺʇ ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʜʨʫʛʦʛʦ ʬʘʢʪʦʨʘ. 

ʉʝʥʩʦʨ ʩʪ. 9 ʥʘʭʦʜʠʪʩʷ ʚ ʩʢʚʘʞʠʥʝ ʥʘ 

ʫʨʦʚʥʝ ʟʝʨʢʘʣʘ ʦʟ. ɹʘʡʢʘʣ, ʧʦʵʪʦʤʫ ʚ ʭʦʜʝ ʣʝ-

ʜʦʩʪʘʚʘ ʚ ʧʦʢʘʟʘʥʠʷʭ ʆɺʇ ʦʙʨʘʟʫʶʪʩʷ ʛʣʫʙʦ-

ʢʠʝ ʤʠʥʠʤʫʤʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʠʣʴʥʳʝ ʧʴʝʟʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʣʴʜʘ, ʢʦʪʦʨʳʝ ʚʨʝʤʝ-

ʥʘʤʠ ʫʩʠʣʠʚʘʶʪʩʷ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʤʠ 

ʧʨʠʣʠʚʘʤʠ ʠʣʠ ʤʘʛʥʠʪʥʳʤʠ ʙʫʨʷʤʠ (ɸʩʣʘ-

ʤʦʚ ʠ ʜʨ., 2024; ʏʝʙʳʢʠʥ ʠ ʜʨ., 2024; 
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ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʘ). ɺ ʦʪʩʫʪʩʪʚʠʠ ʣʴʜʘ ʥʘ 

ʦʟ. ɹʘʡʢʘʣ ʵʪʠ ʵʬʬʝʢʪʳ ʥʝ ʧʨʦʷʚʣʷʶʪʩʷ, ʜʝʡ-

ʩʪʚʠʝ ʣʫʥʥʦ-ʩʦʣʥʝʯʥʳʭ ʧʨʠʣʠʚʦʚ ʠʣʠ ʤʘʛ-

ʥʠʪʥʳʭ ʙʫʨʴ ʣʠʙʦ ʩʣʘʙʦ ʚʳʨʘʞʝʥʦ, ʣʠʙʦ ʦʪ-

ʩʫʪʩʪʚʫʝʪ. ɺ ʟʠʤʥʝʝ ʚʨʝʤʷ ʥʘʣʦʞʝʥʥʳʝ ʧʴʝ-

ʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʣʴʜʘ ʦʟ. ɹʘʡʢʘʣ 

ʟʘʛʣʫʰʘʶʪ ʚʘʨʠʘʮʠʠ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 

9, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʨʝʘʣʠʟʘʮʠʝʡ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʭʦʪʷ ʣʝʜʦʩʪʘʚ ʥʝ ʦʪʨʘʞʘʝʪʩʷ 

ʚ ʧʦʢʘʟʘʥʠʷʭ ʆɺʇ ʩʪ. 184, ʩʝʥʩʦʨ ʢʦʪʦʨʦʡ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ 20 ʤ ʚʳʰʝ ʟʝʨʢʘʣʘ ʦʟ. ɹʘʡʢʘʣ. 

ʏʪʦʙʳ ʠʟʚʣʝʯʴ ʠʟ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʧʦʣʝʟʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷʤ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʝʣʠʪʴ ʦʪ ʥʠʭ ʥʝ ʪʦʣʴʢʦ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʣʴʜʘ ʦʟ. ɹʘʡʢʘʣ, 

ʥʦ ʠ ʜʨʫʛʠʝ ʤʝʰʘʶʱʠʝ ʵʬʬʝʢʪʳ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ 

ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʦʚʦʜʠʪʩʷ ʥʝʧʨʝʨʳʚʥʦʝ ʦʧʝʨʘ-

ʪʠʚʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʆɺʇ ʚ ʨʝ-

ʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʝʞʝʜʥʝʚʥʳʤ 

ʜʝʪʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʩʦʦʪʥʦʰʝʥʠʡ ʵʪʦʛʦ ʧʘ-

ʨʘʤʝʪʨʘ ʩ ʩʝʡʩʤʠʯʥʦʩʪʴʶ. ʇʝʨʚʳʡ ʦʧʳʪ ʦʧʝ-

ʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ 5-ʜʥʝʚʥʳʤ 

ʦʪʨʝʟʢʘʤ ʧʦʣʫʯʝʥ ʚʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩ 

28 ʤʘʷ ʜʦ 10 ʠʶʣʷ 2025 ʛ. ʠ ʟʘʢʨʝʧʣʝʥ ʚ ʩʪʘ-

ʪʴʝ, ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʧʝʨʚʳʭ ʯʠʩʣʘʭ ʠʶʣʷ 

(ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʙ). ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ 

ʜʝʣʘʝʪʩʷ ʘʢʮʝʥʪ ʥʘ ʚʳʷʚʣʝʥʠʝ ʩʚʷʟʠ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ 

ɹʈʉ, ʩ ʵʧʠʟʦʜʘʤʠ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʚʘʨʠʘʮʠʡ 

ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʠ 184, ʩʚʷʟʘʥʥʳʭ 

ʣʠʙʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʩʞʘʪʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ 

ʨʘʟʣʦʤʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʨʘʩ-

ʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫ-

ʧʝʥʴʶ (ʪ.ʝ. ʚ ʦʩʠ ɹʈʉ), ʣʠʙʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ 

ʨʘʩʪʷʞʝʥʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʧʨʠ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦʤ ʫʩʠʣʝʥʠʠ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣ-

ʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ʉʭʝʤʘʪʠʯʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʪʢʣʠʢʦʚ ʆɺʇ ʥʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʟʥʳʭ ʯʘʩʪʝʡ 

ɹʈʉ ʧʨʠ ʩʞʘʪʠʠ ʠ ʨʘʩʪʷʞʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ï ʧʦʜ ʩʪ. 9 (ʘ) ʠ ʧʨʠ ʢʦʤʧʝʥ-

ʩʘʮʠʠ ʠ ʫʩʠʣʝʥʠʠ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ ï ʧʦʜ ʩʪ. 184 (ʙ). ɿʜʝʩʴ ʠ 

ʜʘʣʝʝ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ɹʈʉ ʜʘʝʪʩʷ ʮʚʝʪʦʤ: ʥʘ ʚʦʩʪʦʢʝ ï ʢʨʘʩʥʳʤ, ʚ ʮʝʥʪʨʝ ï ʨʦ-

ʟʦʚʳʤ, ʥʘ ʟʘʧʘʜʝ ï ʤʘʣʠʥʦʚʳʤ. ʉʞʘʪʠʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʟʝʣʝʥʳʤ ʮʚʝʪʦʤ, ʨʘʩʪʷʞʝʥʠʝ ï ʩʠʥʠʤ. 

Fig. 2. Schematic diagrams interpreting responses of the ORP to earthquakes in different parts of the 

BRS during crustal compression and extension in the Obruchev Fault ï under station 9 (a) and during 

compensation and amplification of extension beneath the Kultuk tectonic step ï under station 184 (ʙ). 

From here on, information on BRS earthquakes is color-coded: red in the east, pink in the center, and 

crimson in the west. Compression is shown in green, extension in blue. 

ɻʨʘʬʠʢʠ ʆɺʇ ʩʦʚʤʝʱʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩ 

ʛʨʘʬʠʢʘʤʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʘʷ ʚʦ ʚʨʝʤʷ 

ʧʨʦʢʘʯʢʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʢʚʘʞʠʥ ʤʦʞʝʪ ʤʝ-

ʥʷʪʴʩʷ, ʣʠʙʦ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ. ʇʨʦʢʘʯʢʘ 

ʤʦʞʝʪ ʦʪʨʘʞʘʪʴʩʷ ʚ ʠʟʤʝʥʝʥʠʷʭ ʆɺʇ, ʧʦ-

ʵʪʦʤʫ ʛʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʚʘʨʠʘʮʠʡ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘ, ʧʦʣʝʟʥʘʷ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ 
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ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʜʘʥʥʳʭ. ʀʟ-

ʤʝʨʝʥʠʷ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʨʦʚʦʜʷʪʩʷ ʩ 

ʩʠʣʴʥʦʡ ʧʨʦʢʘʯʢʦʡ ʩʢʚʘʞʠʥʳ ʩʪ. 9 ʠ ʙʦʣʝʝ 

ʩʣʘʙʦʡ ï ʩʪ. 184. ʈʘʟʥʠʮʘ ʚ ʧʨʦʢʘʯʢʝ ʩʢʚʘʞʠʥ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʘʨʠʘʮʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ɺʘʨʠʘʮʠʠ ʨʅ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚʳʷʩʥʝʥʠʝ ʧʨʠʯʠʥ ʢʠʩ-

ʣʦʪʥʦ-ʱʝʣʦʯʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʚʳʭʦ-

ʜʷʱʝʛʦ ʟʘ ʨʘʤʢʠ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʝʨʘʪʠʚ-

ʥʳʤ ʦʪʩʣʝʞʠʚʘʥʠʝʤ ʠʟʤʝʥʝʥʠʡ ʆɺʇ, 

ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ ʦʮʝʥʢʫ ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝ-

ʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ. 

ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝ-

ʤʝʥʠ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʚʫʭ ʩʢʚʘʞʠʥ ʂʫʣ-

ʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʩ ʷʥʚʘʨʷ ʜʦ ʥʘʯʘʣʘ ʤʘʨʪʘ 

2025 ʛ. ʚʳʷʚʣʝʥ ʦʩʥʦʚʥʦʡ ʢʦʥʪʨʦʣʠʨʫʶʱʠʡ 

ʬʘʢʪʦʨ ʚʦʟʤʫʱʝʥʠʡ ʆɺʇ ʤʘʛʥʠʪʥʳʤʠ ʙʫ-

ʨʷʤʠ ʩ ʟʘʧʘʟʜʳʚʘʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʭ. 

ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ ʨʘʟʥʦʤ ʭʘʨʘʢʪʝʨʝ ʩʦʦʪʥʦʰʝ-

ʥʠʡ ʆɺʇ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʩ ʣʫʥʥʦ-ʩʦʣ-

ʥʝʯʥʳʤʠ ʧʨʠʣʠʚʘʤʠ ʠ ʦʙ ʠʟʤʝʥʝʥʠʠ ʫʩʣʦʚʠʡ 

ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 2025 ʛ., ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ 2024 ʛ. (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʘ). ɺʳ-

ʧʦʣʥʝʥʥʳʡ ʦʧʝʨʘʪʠʚʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʚʦ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩ 28 ʤʘʷ ʜʦ 10 ʠʶʣʷ 

2025 ʛ. ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʚʘʨʠ-

ʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʢ ʩʝʡʩʤʦʛʝʥʥʳʤ 

ʜʝʬʦʨʤʘʮʠʷʤ ʟʝʤʥʦʡ ʢʦʨʳ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 

2025ʙ). ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʦʙʦʩʥʦʚʘʪʴ 

ʥʦʚʦʝ ʷʚʣʝʥʠʝ ʚ ɹʈʉ ï ʧʨʦʷʚʣʝʥʠʝ ʩʝʡʩʤʠʯʝ-

ʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ, ʧʨʦʠʟ-

ʚʦʜʥʳʭ ʗɹɻʂ ʠ ʉʄʉʀɸʂ, ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʙ-

ʩʪʘʥʦʚʦʢ ʨʝʘʣʠʟʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ʫʩʣʦ-

ʚʠʷʭ ʩʞʘʪʠʷ ʠʣʠ ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʂʫʣʪʫʢʩʢʦʤ 

ʧʦʣʠʛʦʥʝ (ʨʠʩ. 2) ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʚʨʝʤʝʥ-

ʥʦʤ ʠʥʪʝʨʚʘʣʝ (ʩ 29 ʘʧʨʝʣʷ ʜʦ 19 ʘʚʛʫʩʪʘ 2025 

ʛ.). 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 
ʤʦʥʠʪʦʨʠʥʛʦʚʦʛʦ ʨʷʜʘ ʆɺʇ ʚ 
ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ 

29 ʘʧʨʝʣʷ ï 05 ʤʘʷ 

ʅʘ ʩʪ. 9 ʥʠʞʥʷʷ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ ʆɺʇ 

ʧʦʯʪʠ ʧʘʨʘʣʣʝʣʴʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ, ʪʦʛʜʘ ʢʘʢ 

ʚʝʨʭʥʷʷ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ ʩʣʝʛʢʘ ʧʦʜʥʠʤʘ-

ʝʪʩʷ ʠ ʧʣʘʚʥʦ ʩʥʠʞʘʝʪʩʷ ʢ ʢʦʥʮʫ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ. ʆɺʇ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʨʦʢʘʯʢʝ 

ʩʢʚʘʞʠʥʳ, ʦʪʨʘʞʘʷ ʫʩʣʦʚʠʷ ʩʞʘʪʠʷ ʟʝʤʥʦʡ 

ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ. ɺʦ ʚʨʝʤʷ ʂʘ-

ʤʝʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 29 ʘʧʨʝʣʷ ʚ ʮʝʥʪʨʝ 

ɹʈʉ ʩʞʘʪʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʩʣʘʙʦ ʠ ʚʦʟʨʘʩʪʘʝʪ ʩ 

30 ʘʧʨʝʣʷ ʜʦ 02 ʤʘʷ ʧʨʠ ʯʝʨʝʜʦʚʘʥʠʠ ʜʚʫʭ 

ʍʫʙʩʫʛʫʣʴʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʧʘʜʘ ʠ ʋʜʦ-

ʢʘʥʩʢʦʛʦ, ʋʤʭʝʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʩʪʦʢʘ 

ɹʈʉ. 05 ʤʘʷ ʘʤʧʣʠʪʫʜʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʩʦʢʨʘ-

ʱʘʝʪʩʷ ʧʨʠ ʥʠʟʢʦʤ ʟʥʘʯʝʥʠʠ ʵʪʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ, ʦʪʨʘʞʘʶʱʝʤ ʫʩʣʦʚʠʷ ʨʘʩʪʷʞʝʥʠʷ ʟʝʤ-

ʥʦʡ ʢʦʨʳ. 

ʅʘ ʩʪ. 184 ʚʝʨʭʥʷʷ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ ʆɺʇ 

ʧʦʯʪʠ ʧʘʨʘʣʣʝʣʴʥʘ ʚʨʝʤʝʥʥʦʡ ʦʩʠ, ʪʦʛʜʘ ʢʘʢ 

ʥʠʞʥʷʷ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ ʦʙʦʟʥʘʯʘʝʪ ʛʣʫʙʦ-

ʢʠʝ ʤʠʥʠʤʫʤʳ ʆɺʇ, ʦʪʨʘʞʘʶʱʠʝ ʨʘʩʪʷʞʝ-

ʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʡ ʩʪʫʧʝʥʴʶ, ʠ ʦʪʨʝʟʢʠ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜ, ʥʘ 

ʢʦʪʦʨʳʭ ʵʬʬʝʢʪ ʩʞʘʪʠʷ ʢʦʤʧʝʥʩʠʨʫʝʪ ʨʘʩʪʷ-

ʞʝʥʠʝ. ɺʩʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨ-

ʚʘʣʘ 29 ʘʧʨʝʣʷ ï 02 ʤʘʷ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʦʪʨʝʟ-

ʢʘʭ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜ ʆɺʇ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ 

ʵʪʦ ʚʨʝʤʷ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʦʧʨʝʜʝʣʷ-

ʶʪʩʷ ʩʞʠʤʘʶʱʠʤʠ ʫʩʠʣʠʷʤʠ ʚ ʢʦʨʝ. ɿʝʤʣʝ-

ʪʨʷʩʝʥʠʶ 05 ʤʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʫʙʦʢʠʡ ʤʠ-

ʥʠʤʫʤ ʆɺʇ ʩʪ. 184. ʋʩʠʣʝʥʠʝ ʨʘʩʪʷʞʝʥʠʷ 

ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʩʪʫʧʝʥʴʶ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʩ-

ʪʷʞʝʥʠʝʤ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ (ʨʠʩ. 3). 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ 29 ʘʧʨʝʣʷ ï 02 ʤʘʷ ʨʘʟʥʳʭ 

ʯʘʩʪʝʡ ɹʈʉ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʋʤʭʝʡ-

ʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ 05 ʤʘʷ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʨʘʩʪʷʞʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ. 
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ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 29 ʘʧʨʝʣʷ ʜʦ 05 

ʤʘʷ 2025 ʛ. ʥʘ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʵʪʠʭ ʞʝ 

ʩʪʘʥʮʠʷʭ (ʚ, ʛ). ʍʋ, ʋɼ, ʋʄ ï ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ, ʋʜʦʢʘʥʩʢʦʛʦ ʠ 

ʋʤʭʝʡʩʢʦʛʦ ʢʣʘʩʪʝʨʦʚ. ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʦʙʦʟʥʘʯʘʶʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɹʈʉ ʩ ʩʘʡʪʘ (ʂʘʨʪʘé, 2025). 

Fig. 3. Diagram of ORP groundwater variations from April 29 to May 5, 2025 at station 9 (a) and station 

184 (ʙ) in comparison with variations in water temperature at the same stations (ʚ, ʛ). ʍʋ, ʋɼ, ʋʄ ï 

Khuvsgul, Udokan, and Umkhey clusters of earthquakes, respectively. From here on, the BRS earth-

quakes are designated from the site (Mapé, 2025). 

05 ï 11 ʤʘʷ 

ʅʘ ʩʪ. 9 ʥʠʞʥʷʷ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ ʆɺʇ 

ʧʦ-ʧʨʝʞʥʝʤʫ ʧʘʨʘʣʣʝʣʴʥʘ ʦʩʠ ʚʨʝʤʝʥʠ. 

ɺʝʨʭʥʷʷ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ ʧʦʜʥʠʤʘʝʪʩʷ 06 

ʤʘʷ ʚ ʩʚʷʟʠ ʩ ʧʨʦʢʘʯʢʦʡ ʩʢʚʘʞʠʥʳ ʠ ʜʦ 10 ʤʘʷ 

ʦʙʨʘʟʫʝʪ ʧʣʘʪʦ, ʥʝʩʢʦʣʴʢʦ ʩʥʠʞʘʷʩʴ ʢ 11 ʤʘʷ. 

ʅʘ ʩʪ. 184 ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʦʛʠʙʘʶʱʠʝ ʣʠ-

ʥʠʠ ʧʣʘʚʥʦ ʩʥʠʞʘʶʪʩʷ ʢ ʤʠʥʠʤʫʤʫ 07 ʤʘʷ 

(ʨʘʩʪʷʞʝʥʠʝ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʩʪʫʧʝʥʴʶ ʫʩʠ-

ʣʠʚʘʝʪʩʷ) ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʣʝʛʢʘ ʧʦʜʥʠʤʘ-

ʶʪʩʷ (ʨʘʩʪʷʞʝʥʠʝ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʩʪʫʧʝʥʴʶ 

ʚ ʮʝʣʦʤ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ). ʅʘ ʵʪʦʤ ʧʦʜʲʝʤʝ 

ʨʝʘʣʠʟʫʶʪʩʷ ʍʵʥʪʵʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʍʅ) 

08 ʤʘʷ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ, ʆʨʣʠʢʩʢʦʝ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝ (ʆʈ) 10 ʤʘʷ ʥʘ ʟʘʧʘʜʝ ɹʈʉ ʠ ʋʤʭʝʡʩʢʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʋʄ) 11 ʤʘʷ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ. 

ɺʩʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʧʨʠʭʦʜʷʪʩʷ ʥʘ 
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ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʦʪʨʝʟʢʠ ʆɺʇ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʩʪ. 184, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʝʥʩʘʮʠʠ 

ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ. 

ʇʦʩʣʝ ʦʜʠʥʦʯʥʦʛʦ ʋʤʭʝʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ 05 ʤʘʷ, ʨʝʘʣʠʟʫʶʱʝʛʦʩʷ ʧʨʠ ʨʘʩʪʷʞʝ-

ʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ 08ï11 ʤʘʷ 

ʧʨʦʠʩʭʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ ʝʝ ʩʞʘʪʠʷ. 

 

 

ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 05 ʜʦ 11 ʤʘʷ 

2025 ʛ. ʥʘ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʵʪʠʭ ʞʝ 

ʩʪʘʥʮʠʷʭ (ʚ, ʛ). ʋʄ ï ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʋʤʭʝʡʩʢʦʛʦ ʢʣʘʩʪʝʨʘ (ʩʝʚʝʨ ɹʘʨʛʫʟʠʥʩʢʦʡ ʜʦʣʠʥʳ). ʍʅ ï 

ʍʵʥʪʵʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʆʈ ï ʆʨʣʠʢʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 4. Diagram of ORP groundwater variations in May 05ï11, 2025 at station 9 (a) and station 184 (ʙ) 

in comparison with variations in water temperature at the same stations (ʚ, ʛ). ʋʄ ï earthquake of the 

Umkhei cluster (north of the Barguzin Valley). ʍʅ ï Khentey earthquake. ʆʈ ï Orlik earthquake. 

11 ï 23 ʤʘʷ 

ʇʦʩʣʝ ʋʤʭʝʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʫʩʣʦ-

ʚʠʷʭ ʩʞʘʪʠʷ ʥʠʞʥʷʷ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ ʆɺʇ 

ʩʪ. 9 ʧʦʜʥʠʤʘʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 13 ʤʘʷ 

(ʫʩʠʣʠʚʘʝʪʩʷ ʩʞʘʪʠʝ) ʠ ʦʩʪʘʝʪʩʷ ʚ ʪʘʢʦʤ ʧʦ-

ʣʦʞʝʥʠʠ. ʂʦʣʝʙʘʥʠʷ ʆɺʇ ʩ ʚʳʯʝʨʯʠʚʘʥʠʝʤ 

ʤʠʥʠʤʫʤʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʚʘʟʠʧʝʨʠʦ-

ʜʠʯʝʩʢʦʤ ʧʨʦʷʚʣʝʥʠʠ ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ 

ʢʦʨʳ ʥʘ ʬʦʥʝ ʩʞʘʪʠʷ (ʨʠʩ. 5). ʇʨʠ ʧʦʚʳʰʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʷʭ ʆɺʇ (ʚ ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ) 18 

ʤʘʷ ʧʨʦʠʩʭʦʜʠʪ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʋɼ2 ʩ ʧʦʚʳ-

ʰʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ, ʧʦʩʣʝ 
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ʢʦʪʦʨʦʛʦ ʆɺʇ ʩʥʠʞʘʝʪʩʷ (ʫʩʠʣʠʚʘʝʪʩʷ ʨʘʩʪʷ-

ʞʝʥʠʝ). ʇʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ 

ʫʩʣʦʚʠʡ ʥʘ ʜʚʫʭ ʩʪʘʥʮʠʷʭ 21 ʤʘʷ ʨʝʘʣʠʟʫʝʪʩʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʋɼ3 (ʨʠʩ. 6). 

ʋʤʭʝʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 11 ʤʘʷ ʠ ʋʜʦ-

ʢʘʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ʋɼ2) 18 ʤʘʷ 

ʦʪʚʝʯʘʶʪ ʩʞʘʪʠʶ ʟʝʤʥʦʡ ʢʦʨʳ, ʩʣʝʜʫʶʱʝʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ ʋʜʦʢʘʥʩʢʦʤ ʢʣʘʩʪʝʨʝ (ʋɼ3) 

21 ʤʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʪʷʞʝʥʠʶ. 

 

 

ʈʠʩ. 5. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 11 ʜʦ 17 ʤʘʷ 

2025 ʛ. ʥʘ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʵʪʠʭ ʞʝ 

ʩʪʘʥʮʠʷʭ (ʚ, ʛ). 

Fig. 5. Diagram of ORP groundwater variations in May 11ï17, 2025 at station 9 (a) and station 184 (ʙ) 

in comparison with variations in water temperature at the same stations (ʚ, ʛ). 
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ʈʠʩ. 6. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 17 ʜʦ 23 ʤʘʷ 

2025 ʛ. ʥʘ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʵʪʠʭ ʞʝ 

ʩʪʘʥʮʠʷʭ (ʚ, ʛ). ʋɼ ï ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʋʜʦʢʘʥʩʢʦʛʦ ʢʣʘʩʪʝʨʘ. ʍɼ ï ʍʘʤʘʨʜʘʙʘʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 6. Diagram of ORP groundwater variations in May 17ï23, 2025 at station 9 (a) and station 184 (ʙ) 

in comparison with variations in water temperature at the same stations (ʚ, ʛ). ʋɼ ï Udokan cluster 

earthquake. ʍɼ ï Hamar-Daban earthquake. 

23 ï 31 ʤʘʷ 

ʆʪʢʣʠʢʠ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʙʦʟʥʘʯʘʶʪ 

ʤʘʢʩʠʤʫʤ ʥʘ ʩʪ. 9 (ʠʤʧʫʣʴʩ ʩʞʘʪʠʷ ʚ ʆʙʨʫ-

ʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ) ʧʝʨʝʜ ɹʫʛʫʣʴʜʝʡʩʢʠʤ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʝʤ ʠ ʤʠʥʠʤʫʤ ʥʘ ʩʪ. 184 (ʠʤʧʫʣʴʩ 

ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʫʧʝʥʠ) ʧʦʩʣʝ ʥʝʛʦ (ʨʠʩ. 7). ʅʘʯʘʣʴʥʘʷ ʨʝʘʢ-

ʮʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʩʞʘʪʠʝ ʟʝʤʥʦʡ ʢʦʨʳ 

ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟ-

ʣʦʤʝ ʧʦʜ ʩʪ. 9 ʩʤʝʥʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʩʣʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʷ ʧʦʜ ʩʪ. 184 ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʡ ʩʪʫʧʝʥʠ. ʆʪʢʣʠʢʠ ʆɺʇ ʵʪʠʭ ʩʪʘʥʮʠʡ ʥʝ 

ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. ɿʝʤʣʝʪʨʷʩʝ-

ʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ ʤʝʞʜʫ ʦʪʢʣʠʢʘʤʠ ʆɺʇ ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʛʣʫʙʦʢʦʤʫ ʤʠʥʠʤʫʤʫ ʩʪ. 184. 

ɹʫʛʫʣʴʜʝʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 27 ʤʘʷ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ ʦʪ ʩʞʘʪʠʷ ʢ ʨʘʩʪʷ-

ʞʝʥʠʶ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 

ɺʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʛʣʘʚʥʳʝ ʦʪʢʣʠʢʠ 

ʆɺʇ ʩʪʘʥʮʠʡ 9 ʠ 184 ʥʝ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ 

ʤʝʞʜʫ ʩʦʙʦʡ, ʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʦʧʘʜʘʝʪ ʥʘ 

ʛʣʫʙʦʢʠʡ ʤʠʥʠʤʫʤ ʩʪ. 184, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦʙ ʵʧʠʟʦʜʝ ʨʘʩʪʷʞʝʥʠʷ. 
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ʈʠʩ. 7. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 23 ʜʦ 31 ʤʘʷ 

2025 ʛ. ʥʘ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʵʪʠʭ ʞʝ 

ʩʪʘʥʮʠʷʭ (ʚ, ʛ). ɹʋɻ ï ɹʫʛʫʣʴʜʝʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 7. Diagram of ORP groundwater variations in May 23ï31, 2025 at station 9 (a) and station 184 (ʙ) 

in comparison with variations in water temperature at the same stations (ʚ, ʛ). ɹʋɻ ïBuguldeika earth-

quake. 

30 ʤʘʷ ï 03 ʠʶʥʷ 

ɺ ʥʘʯʘʣʝ ʠʥʪʝʨʚʘʣʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 

184 ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʛʣʫʙʦʢʠʝ ʤʠʥʠʤʫʤʳ 

ʆɺʇ (ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʩʪʫʧʝʥʴ  ʁʬʠʢʩʠʨʫʝʪʩʷ 

ʵʧʠʟʦʜʠʯʝʩʢʦʝ ʨʘʩʪʷʞʝʥʠʝ). 01 ʠʶʥʷ ʛʣʫʙʦ-

ʢʠʝ ʤʠʥʠʤʫʤʳ ʩʤʝʥʷʶʪʩʷ ʩʣʘʙʳʤʠ ʢʦʣʝʙʘ-

ʥʠʷʤʠ ʆɺʇ (ʨʘʩʪʷʞʝʥʠʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʩʞʠʤʘʶʱʠʤʠ ʫʩʠʣʠʷʤʠ). ɺ ʵʪʦʪ ʞʝ ʜʝʥʴ ʚ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ 

ʧʦʜʲʝʤ ʆɺʇ (ʚ ʧʨʦʢʘʯʢʝ ʩʢʚʘʞʠʥʳ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜ ʧʨʦʷʚʣʷʝʪʩʷ ʩʞʘʪʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʆʙ-

ʨʫʯʝʚʩʢʦʛʦ ʨʘʟʣʦʤʘ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʥʠʞʝ-

ʥʠʝʤ ʝʛʦ ʟʥʘʯʝʥʠʡ (ʨʝʣʘʢʩʘʮʠʝʡ ʚʳʟʚʘʥʥʦʛʦ 

ʚʦʟʤʫʱʝʥʠʷ) (ʨʠʩ. 8). 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ 01 ʠ 02 ʠʶʥʷ 

(ʉʝʣʝʥʛʠʥʩʢʦʝ ʠ ʋʜʦʢʘʥʩʢʦʝ). ʇʝʨʚʦʝ ʠʟ ʥʠʭ 

(ʉʝʣʝʥʛʠʥʩʢʦʝ) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʠʥʪʝʨʚʘʣ ʨʘʩ-

ʪʷʞʝʥʠʷ ʢʦʨʳ (ʠʥʪʝʨʚʘʣ ʩʥʠʞʝʥʠʷ ʆɺʇ) ʥʘ 

ʦʙʝʠʭ ʩʪʘʥʮʠʷʭ. ɺʪʦʨʦʝ (ʋʜʦʢʘʥʩʢʦʝ) 
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ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚ ʦʙʱʝʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʨʘʩ-

ʪʘʥʠʶ ʨʦʣʠ ʩʞʠʤʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʆʙʨʫ-

ʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ (ʠʥʪʝʨʚʘʣʫ ʚʳʩʦʢʦʛʦ ʆɺʇ 

ʩʪ. 9) ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣʪʫʢ-

ʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ (ʠʥʪʝʨʚʘʣʫ ʩ 

ʩʦʢʨʘʪʠʚʰʝʡʩʷ ʘʤʧʣʠʪʫʜʦʡ ʆɺʇ ʢʦʣʝʙʘʥʠʡ 

ʩʪ. 184). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʧʦʜʲʝʤʦʤ ʆɺʇ 

ʩʪ. 9 ʩʣʝʜʫʶʪ ʜʚʘ ʩʣʘʙʳʭ ʤʠʥʠʤʫʤʘ, ʢʦʪʦʨʳʤ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʋʜʦʢʘʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

ʕʪʠ ʢʦʣʝʙʘʥʠʷ ʆɺʇ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʆɺʇ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. 

ɺʦ ʚʨʝʤʷ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʠ ʋʜʦʢʘʥʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ 01 ʠ 02 ʠʶʥʷ ʦʪʢʣʠʢʠ ʆɺʇ 

ʩʪʘʥʮʠʡ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʨʝʘʣʠʟʘ-

ʮʠʶ ʉʝʣʝʥʛʠʥʩʢʦʛʦ ʠ ʋʜʦʢʘʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʡ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʫʩʣʦʚʠʡ ʨʘʩʪʷʞʝʥʠʷ 

(ʉʝʣʝʥʛʠʥʩʢʦʝ ʩʦʙʳʪʠʝ) ʢ ʫʩʣʦʚʠʷʤ ʩʞʘʪʠʷ 

ʟʝʤʥʦʡ ʢʦʨʳ (ʋʜʦʢʘʥʩʢʦʝ ʩʦʙʳʪʠʝ) ʥʘ ʂʫʣ-

ʪʫʢʩʢʦʤ ʧʦʣʠʛʦʥʝ. 

 

ʈʠʩ. 8. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 30 ʤʘʷ ʜʦ 03 

ʠʶʥʷ 2025 ʛ. ʥʘ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʵʪʠʭ 

ʞʝ ʩʪʘʥʮʠʷʭ (ʚ, ʛ). ʉɽʃ ï ʉʝʣʝʥʛʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 8. Diagram of ORP groundwater variations in May 30 ïJune 03, 2025 at station 9 (a) and station 

184 (ʙ) in comparison with variations in water temperature at the same stations (ʚ, ʛ). ʉɽʃ ï Selenga 

earthquake. 
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03 ï 07 ʠʶʥʷ 

ɺ ʵʪʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 4 ʠʶʥʷ ʧʨʦ-

ʠʩʭʦʜʠʪ ɹʫʩʠʡʥʛʦʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʫʤʝ-

ʨʝʥʥʦʡ ʩʠʣʳ (K = 12.7) ʠ 7 ʠʶʥʷ ï ʤʝʥʝʝ ʩʠʣʴ-

ʥʦʝ ʋʰʢʘʥʴʝ (K = 11.9). ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ 

ʦʪ ʥʘʯʘʣʴʥʦʛʦ ɹʫʛʫʣʴʜʝʡʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʩʝʨʠʠ (ɹʫʛ, ʉʝʣ, ʋʜ) ʜʦ ʥʘʯʘʣʴʥʦʛʦ ɹʫʩʠʡʥ-

ʛʦʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʝʨʠʠ ʩʦʩʪʘʚʣʷʝʪ 8 

ʜʥʝʡ 9 ʯ. ʇʦʚʳʰʝʥʥʘʷ ʩʠʣʘ ɹʫʩʠʡʥʛʦʣʴʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʋʰʢʘʥʴʠʤ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʝʦʙʣʘʜʘʶʱʠʝ 

ʩʝʡʩʤʦʛʝʥʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʩʦ-

ʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʟʘʧʘʜʝ ɹʈʉ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 

2025ʙ). 

ʅʘ ʩʪ. 184 ʚʦʟʤʫʱʝʥʠʷ ʆɺʇ ʚ ʚʠʜʝ ʤʠʥʠ-

ʤʫʤʦʚ ʧʨʝʜʰʝʩʪʚʫʶʪ ɹʫʛʫʣʴʜʝʡʩʢʦʤʫ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʶ, ʧʨʦʠʟʦʰʝʜʰʝʤʫ 4 ʠʶʥʷ ʚ 18 ʯ. 23 

ʤʠʥ. ʄʠʥʠʤʫʤ 4 ʠʶʥʷ (ʩʥʠʞʝʥʠʝ ʆɺʇ ʦʪ 388 

ʜʦ 380 ʤɺ) ʠʥʠʮʠʠʨʫʝʪʩʷ ʚ 05 ʯ. 38 ʤʠʥ. (ʟʘ 

12 ʯ. 58 ʤʠʥ. ʜʦ ɹʫʩʠʡʥʛʦʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ). ʄʠʥʠʤʫʤ 6 ʠʶʥʷ (ʩʥʠʞʝʥʠʝ ʆɺʇ ʦʪ 

391 ʜʦ 381 ʤɺ) ʠʥʠʮʠʠʨʫʝʪʩʷ ʚ 05 ʯ. 52 ʤʠʥ. 

(ʟʘ 28 ʯ. 44 ʤʠʥ. ʜʦ ʋʰʢʘʥʴʝʛʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ, ʧʨʦʠʟʦʰʝʜʰʝʛʦ 7 ʠʶʥʷ ʚ 10 ʯ. 36 ʤʠʥ.). 

ʅʘ ʩʪ. 9 ʦʩʦʙʳʭ ʚʦʟʤʫʱʝʥʠʡ ʆɺʇ ʧʝʨʝʜ 

ɹʫʩʠʡʥʛʦʣʴʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 04 ʠʶʥʷ 

2025 ʛ. ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺʦʟʤʫʱʝʥʠʷ ʆɺʇ 

ʧʨʦʠʩʭʦʜʷʪ ʧʦʩʣʝ ʥʝʛʦ. ʕʪʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʥʘʯʠʥʘʝʪʩʷ ʚ 18 ʯ. 23 ʤʠʥ., ʘ ʚʦʟʤʫʱʝʥʠʝ 

ʆɺʇ ʥʘʯʠʥʘʝʪʩʷ ʯʝʨʝʟ 11 ʤʠʥ. (ʚ 13 ʯ. 34 

ʤʠʥ.). ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪ. 9 ʜʦ ʵʧʠʮʝʥʪʨʘ ɹʫ-

ʩʠʡʥʛʦʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 365 

ʢʤ. ɽʩʣʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʟʘʧʘʟʜʳʚʘʥʠʝ 

ʥʘʯʘʣʘ ʚʦʟʤʫʱʝʥʠʷ ʆɺʇ, ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ 

ʧʨʠʭʦʜʘ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ, ʝʝ ʩʨʝʜʥʷʷ 

ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪ ʵʧʠʮʝʥʪʨʘ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ ʜʦ ʩʪʘʥʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ (0.55 

ʢʤ/ʩʝʢ) ʙʳʣʘ ʷʚʥʦ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ. ʄʳ ʧʨʝʜʧʦʣʘ-

ʛʘʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʷʚʣʷʝʪʩʷ ʵʬ-

ʬʝʢʪ ʧʨʝʣʦʤʣʝʥʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʚʦʣʥʳ. 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʠʭʦʜʘ ʵʪʦʡ ʚʦʣʥʳ ʪʨʝʙʫʝʪ 

ʦʪʜʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɺʦʟʤʫʱʝʥʠʝ, 

ʚʢʣʶʯʘʶʱʝʝ 3 ʤʠʥʠʤʫʤʘ ʆɺʇ, ʧʨʦʜʦʣʞʘ-

ʝʪʩʷ 25 ʯ. 36 ʤʠʥ (ʟʘʚʝʨʰʘʝʪʩʷ 05 ʠʶʥʷ ʚ 20 

ʯ. 10 ʤʠʥ.). ʇʝʨʚʳʡ ʤʠʥʠʤʫʤ ʦʙʦʟʥʘʯʘʝʪ ʧʘ-

ʜʝʥʠʝ ʆɺʇ ʦʪ 351 ʜʦ 347 ʤɺ, ʚʪʦʨʦʡ ï ʦʪ 352 

ʜʦ 247 ʤɺ, ʪʨʝʪʠʡ ï ʦʪ 351 ʜʦ 244 ʤɺ (ʨʠʩ. 9). 

ʉʫʜʷ ʧʦ ʚʘʨʠʘʮʠʷʤ ʆɺʇ 04 ʠ 07 ʠʶʥʷ 2025 

ʛ., ʂʫʣʪʫʢʩʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʫʧʝʥʴ ʦʩʝʚʦʡ 

ʯʘʩʪʠ ɹʈʉ (ʩʪ. 184) ʚʭʦʜʠʪ ʚ ʨʝʟʦʥʘʥʩ ʩ ʛʣʘʚ-

ʥʳʤʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʪʨʘʞʘʶ-

ʱʠʤʠʩʷ ʚ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʫʤʝʨʝʥʥʦʡ ʩʠʣʳ (K 

= 11.9ï12.7), ʪʦʛʜʘ ʢʘʢ ʢʨʘʝʚʦʡ ʆʙʨʫʯʝʚʩʢʠʡ 

ʨʘʟʣʦʤ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ (ʩʪ. 9) 

ʪʘʢʞʝ ʷʚʥʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʨʦʠʟʦʰʝʜʰʝʝ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʝ ʤʠʥʠʤʫʤʘʤʠ ʠ ʤʘʢʩʠʤʫʤʘʤʠ 

ʆɺʇ 04 ʠ 05 ʠʶʥʷ, ʥʦ ʣʠʰʴ ʧʦʩʪʬʘʢʪʫʤ (ʨʠʩ. 

9). ʇʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 07 ʠʶʥʷ ʥʘʙʣʶʜʘ-

ʝʪʩʷ ʟʘʤʝʪʥʦʝ ʧʦʜʥʷʪʠʝ ʆɺʇ ʩʪ. 9 ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʧʨʦʢʘʯʢʠ ʩʢʚʘʞʠʥʳ ʥʘ ʬʦʥʝ ʩʞʘʪʠʷ ʟʝʤ-

ʥʦʡ ʢʦʨʳ ʆʙʨʫʯʝʚʩʢʦʛʦ ʨʘʟʣʦʤʘ. 

ɹʫʩʠʡʥʛʦʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 04 ʠʶʥʷ 

ʧʦʚʳʰʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ 

(ʂ=12.7) ʥʘ ʟʘʧʘʜʝ ɹʈʉ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʘʩʪʷʞʝʥʠʝʤ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ ʂʫʣʪʫʢʩʢʦʤ 

ʧʦʣʠʛʦʥʝ, ʪʦʛʜʘ ʢʘʢ ʩʣʝʜʫʶʱʝʝ ʟʘ ʥʠʤ 07 

ʠʶʥʷ ʙʦʣʝʝ ʩʣʘʙʦʝ ʋʰʢʘʥʴʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 

ʮʝʥʪʨʘ ɹʈʉ (ʂ=11.9) ï ʧʝʨʝʭʦʜʦʤ ʢ ʩʞʘ-

ʪʠʶ. 
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ʈʠʩ. 9. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 03 ʜʦ 07 ʠʶʥʷ 

2025 ʛ. ʥʘ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ ʵʪʠʭ ʞʝ 

ʩʪʘʥʮʠʷʭ (ʚ, ʛ). ʋʐ ï ʋʰʢʘʥʴʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 9. Diagram of ORP groundwater variations in June 03ï07, 2025 at station 9 (a) and station 184 (ʙ) 

in comparison with variations in water temperature at the same stations (ʚ, ʛ). ʋʐ ï Ushkanye earth-

quake. 

07 ï 11 ʠʶʥʷ 

ʈʘʟʣʠʯʠʝ ʚ ʧʦʢʘʟʘʥʠʷʭ ʆɺʇ ʩʪʘʥʮʠʡ 9 ʠ 
184 ʩʦʭʨʘʥʷʝʪʩʷ. ʅʘ ʩʪ. 184 07 ʠʶʥʷ ʠ ʙʦʣʴ-
ʰʫʶ ʯʘʩʪʴ ʩʫʪʦʢ 08 ʠʶʥʷ ʚʦʟʤʫʱʝʥʠʷ ʆɺʇ 
ʦʪʩʫʪʩʪʚʫʶʪ. ʇʝʨʚʳʡ ʤʠʥʠʤʫʤ ʥʘʙʣʶʜʘʝʪʩʷ 
08 ʠʶʥʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 18 ʯ. 40 ʤʠʥ. ʜʦ 19 ʯ. 
30 ʤʠʥ., ʚʪʦʨʦʝ ï 09 ʠʶʥʷ ʦʪ 04 ʯ. 14 ʤʠʥ. ʜʦ 
08 ʯ. 20 ʤʠʥ., ʪʨʝʪʴʝ ï 10 ʠʶʥʷ ʦʪ 01 ʯ. 44 ʤʠʥ. 
ʜʦ 08 ʯ. 20 ʤʠʥ., ʯʝʪʚʝʨʪʦʝ ï 11 ʠʶʥʷ ʦʪ 04 ʯ. 
20 ʤʠʥ. ʜʦ 11 ʯ. 10 ʤʠʥ. ʇʝʨʚʳʝ ʜʚʘ 

ʚʦʟʤʫʱʝʥʠʷ (08 ʠ 09 ʠʶʥʷ) ï ʩʣʘʙʳʝ, ʜʚʘ ʧʦ-
ʩʣʝʜʥʠʝ (10 ʠ 11 ʠʶʥʷ) ï ʙʦʣʝʝ ʩʠʣʴʥʳʝ. 
ɺʦ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʧʦʧʘʜʘʶʪ ʪʨʠ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ: ʋʰʢʘʥʴʝ (K=11.9), ɼʝʣʴʪʦʚʦʝ 
(K=9.5) ʠ ɹʫʩʠʡʥʛʦʣʴʩʢʦʝ-2 (K=11.2) (ʨʠʩ. 
10). ʉʣʝʜʫʷ ʣʦʛʠʢʝ ʩʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʷʤʠ ʠ ʤʠʥʠʤʫʤʘʤʠ ʆɺʇ 03ï07 
ʠʶʥʷ (ʩʤ. ʨʠʩ. 9), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 
ʜʚʘ ʧʝʨʚʳʭ ʩʣʘʙʳʭ ʤʠʥʠʤʫʤʘ ʩʪ. 184 ʥʘ ʨʠʩ. 
10 ʧʨʝʜʰʝʩʪʚʫʶʪ ʩʣʘʙʦʤʫ ɼʝʣʴʪʦʚʦʤʫ ʟʝʤ-
ʣʝʪʨʷʩʝʥʠʶ (K=9.5), ʘ ʜʚʘ ʧʦʩʣʝʜʥʠʭ ʙʦʣʝʝ 
ʩʠʣʴʥʳʭ ï ʧʨʝʜʰʝʩʪʚʫʶʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
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ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ ɹʫʩʠʡʥʛʦʣʴ-
ʩʢʦʤʫ-2 (K=11.2). 
ʅʘ ʩʪ. 9 07 ʠʶʥʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʢʘʯʢʘ 

ʩʢʚʘʞʠʥʳ, ʠʥʠʮʠʠʨʫʶʱʘʷ ʨʝʟʢʠʡ ʧʦʜʲʝʤ 
ʆɺʇ ʚ 21 ʯ. 24 ʤʠʥ., ʦʙʦʟʥʘʯʘʶʱʠʡ ʩʞʘʪʠʝ ʚ 
ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ. ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʨʝʟ-
ʢʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʆɺʇ ʵʪʦʡ ʩʪʘʥʮʠʠ (ʩʞʘʪʠʝ 
ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ) ʠʥʠʮʠʠʨʫʝʪʩʷ 
ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʢʘʯʢʠ 11 ʠʶʥʷ ʚ 18 ʯ. 54 ʤʠʥ. 
ɼʨʫʛʠʭ ʟʘʤʝʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʛʨʘʬʠʢʝ 
ʆɺʇ ʩʪ. 9 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 
ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʧʫʣʴʩ ʩʞʘʪʠʷ ʚ ʆʙʨʫ-

ʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʆɺʇ ʵʬʬʝʢʪʝ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʪʦʣʴʢʦ ʚ ʨʝʞʠʤʝ ʧʨʦʢʘʯʢʠ ʩʪ. 
9. ɹʝʟ ʧʨʦʢʘʯʢʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʵʪʦʡ ʩʢʚʘ-
ʞʠʥʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ 
ʩʝʡʩʤʦʛʝʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʟʝʤʥʦʡ ʢʦʨʳ 
ɹʈʉ, ʪʦʛʜʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʢʚʘʞʠʥʳ ʩʪ. 
184 ʦʪʢʣʠʢʠ ʆɺʇ ʷʨʢʦ ʚʳʨʘʞʝʥʳ ʚʥʝ ʨʝʞʠʤʘ 
ʧʨʦʢʘʯʢʠ, ʭʦʪʷ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʦʢʘʯʢʘ ʪʘʢʞʝ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʤʠʥʠʤʫʤʦʚ ʆɺʇ. 
ʋʰʢʘʥʴʝʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ 07 ʠʶʥʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʞʘʪʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢ-
ʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʪʦʛʜʘ ʢʘʢ ɼʝʣʴʪʦʚʦʤʫ ʠ ɹʫ-
ʩʠʡʥʛʦʣʴʩʢʦʤʫ-2 ï ʝʝ ʨʘʩʪʷʞʝʥʠʝ. 

 

ʈʠʩ. 10. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ 07ï11 ʠʶʥʷ 2025 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 

184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ ʩʢʚʘʞʠʥʘʭ (ʚ, ʛ). ɼɽʃ ï ɼʝʣʴʪʦʚʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 10. Graphs of temporal variations of ORP on June 7ï11, 2025 in groundwater at stations 9 (a) and 

184 (b) in comparison with temperature variations at the same wells (ʚ, ʛ). ɼɽʃ ï Delta earthquake. 

11 ï 15 ʠʶʥʷ 2025 ʛ. 

ɺ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʨʦʠʩ-
ʭʦʜʷʪ ʜʚʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ï ɹʫʩʠʡʥʛʦʣʴʩʢʦʝ-2 

(K=11.2) ʠ ʂʳʨʝʥʩʢʦʝ (K=9.8), ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ, 11 ʠ 12 ʠʶʥʷ. ʕʪʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘ-
ʚʝʨʰʘʶʪ ʩʝʨʠʶ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ɹʈʉ, 
ʥʘʯʘʚʰʠʭʩʷ ʩ ɹʫʩʠʡʥʛʦʣʴʩʢʦʛʦ ʩʦʙʳʪʠʷ 04 
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ʠʶʣʷ. ʉʝʨʠʷ ʧʨʦʜʦʣʞʘʝʪʩʷ 7 ʜʥʝʡ 4 ʯ. (ʨʠʩ. 
11). 
ʇʝʨʚʦʝ ʠʟ ʥʠʭ (ɹʫʩʠʡʥʛʦʣʴʩʢʦʝ-2) ʨʝʘʣʠ-

ʟʫʝʪʩʷ 11 ʠʶʥʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ, 
ʚʪʦʨʦʝ (ʂʳʨʝʥʩʢʦʝ) ʧʨʦʠʩʭʦʜʠʪ 12 ʠʶʥʷ ʥʘ 
ʬʦʥʝ ʩʥʠʞʝʥʠʷ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʠʥʠʤʫʤʘ 13 ʠʶʥʷ ʚ 10 ʯ. 24 
ʤʠʥ. (ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʧʦʩʣʝ ʩʞʘʪʠʷ 
ʧʨʦʷʚʣʷʝʪʩʷ ʨʘʩʪʷʞʝʥʠʝ). 
ʆɺʇ ʤʠʥʠʤʫʤʳ ʧʨʦʜʦʣʞʘʶʪ ʧʨʦʷʚʣʷʪʴʩʷ 

ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 184 (ʚ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢ-
ʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʜʝʡʩʪʚʫʝʪ ʨʘʩʪʷʞʝʥʠʝ) 
ʜʦ ʤʠʥʠʤʫʤʘ 14 ʠʶʥʷ ʚ 09 ʯ. 20 ʤʠʥ. ʈʝʞʠʤ 
ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʵʪʦʡ ʩʪʘʥʮʠʠ ʥʠʚʝʣʠʨʫʝʪʩʷ 14 
ʠʶʥʷ ʚ 09 ʯ. 30 ʤʠʥ., ʘ ʥʘ ʩʪ. 9 ʚ 19 ʯ. 00 ʤʠʥ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʠʘʮʠʠ ʆɺʇ ʧʦʜʟʝʤʥʳʭ 
ʚʦʜ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʚʳʚʦʜʦʤ ʦ ʪʦʤ, ʯʪʦ ʂʳʨʝʥ-
ʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 13 ʠʶʥʷ ʟʘʚʝʨʰʘʝʪ ʩʝʨʠʶ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ, ʥʘʯʠʥʘʷ ʩ ɹʫ-
ʩʠʡʥʛʦʣʴʩʢʦʛʦ (ɹʋʉ, ʂ=12.7) 04 ʠʶʥʷ ʜʦ 12 

ʠʶʥʷ. ɿʘ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ɹʋʉ, ʦʙʦʟʥʘʯʠʚ-
ʰʠʤʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʷʞʝʥʠʷ), ʩʣʝʜʫʝʪ ʧʝʨʝ-
ʩʪʨʦʡʢʘ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʦʜʠʥʦʯʥʦʛʦ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʡ ʋʐʂ (07 ʠʶʥʷ) ʚ ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ ʠ 
ʧʦʩʣʝʜʫʶʱʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ɼʝʣʴʪʦʚʦʛʦ, 
ɹʋʉ-2 ʠ ʂʳʨʝʥʩʢʦʛʦ) ï ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʷʞʝ-
ʥʠʷ. ʕʪʦ ʩʦʩʪʦʷʥʠʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʟʝʤʥʦʡ 
ʢʦʨʝ ʂʫʣʪʫʢʩʢʦʡ ʩʪʫʧʝʥʠ ʧʦʩʣʝ 13 ʠʶʥʷ ʠ ʧʝ-
ʨʝʭʦʜʠʪ ʚ ʥʝʡʪʨʘʣʴʥʳʡ ʨʝʞʠʤ (ʨʝʞʠʤ ʢʦʤ-
ʧʝʥʩʘʮʠʠ ʨʘʩʪʷʞʝʥʠʷ) ʧʦʩʣʝ ʤʠʥʠʤʫʤʘ ʩʪ. 
184 14 ʠʶʥʷ 09 ʯ. 20 ʤʠʥ. ï 09 ʯ. 30 ʤʠʥ. 
ɼʦ 14 ʠʶʥʷ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʩʦʩʪʦʷʥʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ, ʨʝʘʣʠʟʫʶʱʝʡʩʷ ʩʝʨʠʝʡ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʡ ʋʐʂ, ɼʝʣʴʪʦʚʦʛʦ, ɹʋʉ-2 ʠ ʂʳʨʝʥ-
ʩʢʦʛʦ 07ï12 ʠʶʥʷ ʧʦʩʣʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɹʋʉ 
(ʂ=12.7) 04 ʠʶʥʷ. ɺʩʝ ʩʦʙʳʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫ-
ʶʪʩʷ ʨʘʩʪʷʞʝʥʠʝʤ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢ-
ʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʷ ʋʐʂ, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʞʘ-
ʪʠʝ. 
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ʈʠʩ. 11. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ 11ï15 ʠʶʥʷ 2025 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 

184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). ʂʓ ï ʂʳʨʝʥʩʢʦʝ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʝ. ʊɻ ï ʊʘʮʠʡʥʛʦʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 11. Graphs of time variations of redox potential on June 11ï15, 2025 in groundwater at station 9 

(a) and station 184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). ʂʓ ï Kyren 

earthquake. ʊɻ ï Tatsiyngol earthquake. 

15 ï 19 ʠʶʥʷ 2025 ʛ. 

ɺ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʦʜʠʥʦʯʥʦʝ 

(ʋʜʦʢʘʥʩʢʦʝ) ʟʝʤʣʝʪʨʷʩʝʥʠʝ 17 ʠʶʥʷ 

(K=10.5). ʕʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦʝ ʩʝʡʩʤʠʯʝ-

ʩʢʦʝ ʩʦʙʳʪʠʝ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ 

ʩʝʨʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝʙʦʣʴʰʠʤ ʘʩʝʡʩʤʠʯ-

ʥʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʜʣʠʚʰʠʤʩʷ 04 ʜʥʷ 10 ʯ. 

ɺ ʧʣʘʚʥʦ ʦʧʫʩʢʘʶʱʝʡʩʷ ʣʠʥʠʠ ʆɺʇ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʥʝ ʚʳʨʘʞʝʥʦ, 

ʥʦ ʚʧʠʩʳʚʘʝʪʩʷ ʚʦ ʚʪʦʨʦʡ ʤʠʥʠʤʫʤ ʆɺʇ 17 

ʠʶʥʷ 08 ʯ. 24 ʤʠʥ. ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 184, ʢʦ-

ʪʦʨʳʡ ʦʙʦʟʥʘʯʘʝʪ ʨʘʩʪʷʞʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ 

ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ. ɺ ʢʦʥʮʝ 

ʠʥʪʝʨʚʘʣʘ, 18 ʠ 19 ʠʶʥʷ, ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ 

ʩʪ. 9 ʧʨʦʠʩʭʦʜʷʪ ʚʦʟʤʫʱʝʥʠʷ ʆɺʇ, ʚʳʟʚʘʥ-

ʥʳʝ ʧʨʦʢʘʯʢʦʡ ʩʢʚʘʞʠʥʳ ʠ ʦʪʨʘʞʘʶʱʠʝ ʩʞʘ-

ʪʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ, ʪʦ-

ʛʜʘ ʢʘʢ ʚ ʤʠʥʠʤʫʤʘʭ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 

184 ʧʦ-ʧʨʝʞʥʝʤʫ ʦʪʨʘʞʘʝʪʩʷ ʛʦʩʧʦʜʩʪʚʫʶ-

ʱʝʝ ʨʘʩʪʷʞʝʥʠʝ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʫʧʝʥʠ (ʨʠʩ. 12). 

ʋʜʦʢʘʥʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ 17 ʠʶʥʷ ʧʦ-

ʧʨʝʞʥʝʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʪʷʞʝʥʠʝ ʟʝʤ-

ʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 

 

ʈʠʩ. 12. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ 15ï19 ʠʶʥʷ 2025 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 

184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). 
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Fig. 12. Graphs of ORP temporal variations on June 15ï19, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). 

19 ï 23 ʠʶʥʷ 2025 ʛ. 

ʇʦʩʣʝ 17 ʠʶʥʷ ʚ ɹʈʉ ʥʘʩʪʫʧʘʝʪ ʘʩʝʡʩʤʠʯ-
ʥʳʡ ʨʝʞʠʤ, ʧʨʦʜʦʣʞʘʶʱʠʡʩʷ ʜʦ 25 ʠʶʥʷ. 
ʀʥʪʝʨʚʘʣ 19ï23 ʠʶʥʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʝʨʝ-
ʜʠʥʫ ʵʪʦʛʦ ʘʩʝʡʩʤʠʯʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. 
ʅʘ ʩʪ. 9 ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ ʧʦʜʲʝʤʘ ʠ ʦʧʫʩ-

ʢʘʥʠʷ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝ-
ʨʠʟʫʶʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʞʘʪʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ 
ʨʘʟʣʦʤʝ. ʕʪʘ ʣʠʥʠʷ ʦʩʣʦʞʥʷʝʪʩʷ ʤʥʦʛʦʯʠʩ-
ʣʝʥʥʳʤʠ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ, 
ʦʪʨʘʞʘʶʱʠʤʠ ʥʘʣʦʞʝʥʠʝ ʩʣʘʙʳʭ ʠʤʧʫʣʴʩʦʚ 
ʨʘʩʪʷʞʝʥʠʷ. 
ʅʘ ʩʪ. 184 ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʘʷ ʩʤʝʥʘ ʛʣʫʙʦʢʠʭ ʤʠʥʠʤʫʤʦʚ ʆɺʇ ʧʦʜʟʝʤ-
ʥʳʭ ʚʦʜ ʠʥʪʝʨʚʘʣʘ 16ï19 ʠʶʥʷ ʯʘʩʪʳʤʠ ʤʘ-
ʣʦʘʤʧʣʠʪʫʜʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ ʩ 

ʤʝʥʷʶʱʝʡʩʷ ʢʚʘʟʠʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ɿʘ ʛʣʫ-
ʙʦʢʠʤ ʤʠʥʠʤʫʤʦʤ 19 ʠʶʥʷ ʚ 09 ʯ. 12 ʤʠʥ. 
ʩʣʝʜʫʝʪ ʤʘʣʳʡ ʤʠʥʠʤʫʤ (ʚ 23 ʯ. 28 ʤʠʥ.) ʠ 
ʝʱʝ ʜʚʘ ʤʠʥʠʤʫʤʘ 20 ʠʶʥʷ (ʚ 07 ʯ. 44 ʤʠʥ. ʠ 
ʚ 12 ʯ. 54 ʤʠʥ.). ʅʘʯʠʥʘʷ ʩ ʩʝʨʝʜʠʥʳ ʜʥʷ 20 
ʠʶʥʷ, ʥʠʞʥʷʷ ʦʛʠʙʘʶʱʘʷ ʣʠʥʠʷ ʧʨʦʪʷʛʠʚʘ-
ʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʘʙʩʮʠʩʩ. ɸʤʧʣʠʪʫʜʳ 
ʢʦʣʝʙʘʥʠʡ ʆɺʇ ʤʝʥʷʶʪʩʷ ʧʦ ʦʪʨʝʟʢʘʤ. 
ʆʩʦʙʦ ʚʳʜʝʣʷʝʪʩʷ ʦʪʨʝʟʦʢ 23 ʠʶʥʷ ʩ 00 ʯ. 48 
ʤʠʥ. ʜʦ 12 ʯ. 08 ʤʠʥ., ʚ ʢʦʪʦʨʦʤ ʘʤʧʣʠʪʫʜʘ 
ʢʦʣʝʙʘʥʠʡ ʆɺʇ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʘʤʧʣʠʪʫʜ ʆɺʇ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠ 
ʧʦʩʣʝʜʫʶʱʠʭ ʟʘʧʠʩʷʭ (ʨʠʩ. 13). 
ɺʭʦʞʜʝʥʠʝ ʚ ʘʩʝʡʩʤʠʯʥʳʡ ʠʥʪʝʨʚʘʣ ɹʈʉ 

17ï25 ʠʶʥʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ 
ʚʘʨʠʘʮʠʷʤʠ ʆɺʇ. 

 

ʈʠʩ. 13. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ 19ï23 ʠʶʥʷ 2025 ʛ. ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 (ʘ) ʠ ʩʪ. 

184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʠʭ ʞʝ ʩʪʘʥʮʠʡ (ʚ, ʛ). 
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Fig. 13. Graphs of temporal ORP variations on June 19ï23, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). 

23 ï 27 ʠʶʥʷ 2025 ʛ. 

ʆʜʠʥʦʯʥʦʝ ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʝ (K=10.3), ʧʨʦʠʟʦʰʝʜʰʝʝ 25 ʠʶʥʷ ʚ 05 ʯ. 
39 ʤʠʥ. (ʚʨʝʤʷ ʤʝʩʪʥʦʝ), ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʧʨʝʜ-
ʰʝʩʪʚʫʶʱʝʛʦ ʋʜʦʢʘʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 17 
ʠʶʥʷ ʘʩʝʡʩʤʠʯʥʳʤ ʠʥʪʝʨʚʘʣʦʤ, ʜʣʠʚʰʠʤʩʷ 
8 ʜʥʝʡ 21 ʯ. ʆʙʘ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ 
ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ɹʈʉ. ʉʠʣʴʥʘʷ ʧʨʦʢʘʯʢʘ ʩʢʚʘ-
ʞʠʥʳ ʩʪ. 9 ʧʝʨʝʜ ʵʪʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 

ʥʘʨʫʰʘʝʪ ʤʠʥʠʤʫʤ 23 ʠʶʥʷ (ʫʩʣʦʚʠʷ ʨʘʩʪʷ-
ʞʝʥʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ). ɺ ʧʦʜʟʝʤʥʳʭ 
ʚʦʜʘʭ ʩʪ. 184 ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʤʫ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʫʙʦʢʠʡ ʤʠʥʠʤʫʤ 
ʆɺʇ, ʢʦʪʦʨʳʡ ʠʥʠʮʠʠʨʫʝʪʩʷ 25 ʠʶʥʷ ʚ 00 ʯ. 
52 ʤʠʥ. ʠ ʜʦʩʪʠʛʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 
ʚ 09 ʯ. 58 ʤʠʥ. (ʨʠʩ. 14). 
ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 25 ʠʶʥʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʪʷʞʝʥʠʶ ʟʝʤʥʦʡ ʢʦʨʳ 
ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 

 

ʈʠʩ. 14. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ (ʘ, ʚ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʙ, ʛ) ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʩʪʘʥʮʠʡ 9 ʠ 184 23ï27 ʠʶʥʷ 2025 ʛ. ɺɸʅ ï ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 14. Graphs of temporal variations of ORP (ʘ, ʚ) and temperature (ʙ, ʛ) in groundwater at stations 9 

and 184, respectively on June 23ï27, 2025. ɺɸʅ ï Upper Angara earthquake. 



ʄʦʥʠʪʦʨʠʥʛ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ 

145 

 

27 ʠʶʥʷ ï 01 ʠʶʣʷ 2025 ʛ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜʘʭ ʩʪ. 9 ʚ ʤʘʢʩʠʤʫʤʝ ʆɺʇ 28 ʠʶʥʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʩʞʘʪʠʝ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ, 

ʩʤʝʥʷʶʱʠʝʩʷ 29 ʠʶʥʷ ʤʠʥʠʤʫʤʘʤʠ ʆɺʇ 

(ʨʘʩʪʷʞʝʥʠʝʤ) ʚ 04 ʯ. 18 ʤʠʥ. ʠ 13 ʯ. 06 ʤʠʥ. 

ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 184 ʆɺʇ ʩʥʠʞʘʝʪʩʷ ʩʦ 

ʩʣʘʙʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʤʠʥʠʤʫʤʦʚ. ʄʠʥʠ-

ʤʫʤʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ (ʨʠʩ. 

15). 

ʋʩʣʦʚʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʥʝ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ. 

 

 

ʈʠʩ. 15. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ (ʘ, ʚ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʙ, ʛ) ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʩʪʘʥʮʠʡ 9 ʠ 184 27 ʠʶʥʷ ï 1 ʠʶʣʷ 2025 ʛ. 

Fig. 15. Graphs of temporal variations of ORP (a) and temperature (ʙ) in groundwater at station 184, 

respectively on June 27 ï July 1, 2025. 

01 ï 05ʠʶʣʷ 2025 ʛ. 

ʆʜʠʥʦʯʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʨʘʡʦʥʝ ʛ. ɿʘʙʘʡʢʘʣʴʩʢʘ (K=11.5) 02 ʠʶʣʷ ʚ 20 

ʯ. 14 ʤʠʥ. ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʦʪʜʝ-

ʣʷʝʪʩʷ ʦʪ ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ɺʝʨʭʥʝ-ɸʥʛʘʨ-

ʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 25 ʠʶʥʷ ʘʩʝʡʩʤʠʯʥʳʤ 

ʠʥʪʝʨʚʘʣʦʤ, ʜʣʠʚʰʠʤʩʷ 7 ʜʥʝʡ 15 ʯ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʝ-

ʚʝʨʦ-ʚʦʩʪʦʢʝ ɹʈʉ. 

ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 ɿʘʙʘʡʢʘʣʴʩʢʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚʳʟʳʚʘʝʪ ʤʠʥʠʤʫʤʳ 03 ʠʶʣʷ 

ʚ 09 ʯ. 04 ʤʠʥ. ʠ 18 ʯ. 26 ʤʠʥ. (ʩʧʦʥʪʘʥʥʳʝ 

ʠʤʧʫʣʴʩʳ ʨʘʩʪʷʞʝʥʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟ-

ʣʦʤʝ). ʇʨʦʢʘʯʢʘ ʩʢʚʘʞʠʥʳ 04 ʠʶʣʷ ʚʣʝʯʝʪ ʟʘ 

ʩʦʙʦʡ ʧʦʜʲʝʤ ʆɺʇ (ʩʞʘʪʠʝ ʚ ʆʙʨʫʯʝʚʩʢʦʤ 
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ʨʘʟʣʦʤʝ), ʢʦʪʦʨʦʝ, ʦʜʥʘʢʦ, ʥʝʫʩʪʦʡʯʠʚʦ, ʦ 

ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʤʠʥʠʤʫʤʳ 05 ʠʶʣʷ. 

ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 184 ɿʘʙʘʡʢʘʣʴʩʢʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʚʳʟʳʚʘʝʪ ʩʣʘʙʦʝ ʩʥʠʞʝʥʠʝ 

ʆɺʇ (ʨʘʩʪʷʞʝʥʠʝ ʚ ʂʫʣʪʫʢʩʢʦʡ ʩʪʫʧʝʥʠ) ʯʝ-

ʨʝʟ 18 ʤʠʥ. ʕʪʦʪ ʵʬʬʝʢʪ ʨʦʞʜʘʝʪʩʷ ʥʘ ʬʦʥʝ 

ʜʣʠʪʝʣʴʥʦʛʦ (ʙʦʣʝʝ ʩʫʪʦʢ) ʦʪʩʫʪʩʪʚʠʷ ʧʨʦ-

ʢʘʯʢʠ ʩʢʚʘʞʠʥʳ ʠ ʜʣʠʪʩʷ ʩ 20 ʯ. 32 ʤʠʥ. ʜʦ 23 

ʯ. 16 ʤʠʥ. ʇʨʦʢʘʯʢʘ ʚʢʣʶʯʘʝʪʩʷ 04 ʠʶʣʷ ʚ 12 

ʯ. 46 ʤʠʥ. ʠ ʚʳʟʳʚʘʝʪ ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʆɺʇ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʂʫʣʪʫʢ-

ʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʠʤʧʫʣʴʩʘ 

ʩʞʘʪʠʷ (ʨʠʩ. 16). ʕʪʦʪ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ 

ʚʦʜʳ ʩʢʚʘʞʠʥʳ ʚ ʨʝʞʠʤʝ ʧʨʦʢʘʯʢʠ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦʡ ʨʝʘʢʮʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ 

ʩʢʚʘʞʠʥʳ ʩʪ. 184 ʥʘ ʧʨʦʢʘʯʢʫ ʢʘʢ ʧʦʢʘʟʘʪʝʣʷ 

ʧʦʩʪʫʧʣʝʥʠʷ ʧʦʨʮʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʟ ʙʦʣʝʝ 

ʥʘʛʨʝʪʦʡ ʛʣʫʙʠʥʥʦʡ ʯʘʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ. 

ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʨʝʘʣʠʟʫ-

ʝʪʩʷ 02 ʠʶʣʷ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ 

ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 

 

ʈʠʩ. 16. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ (ʘ, ʚ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʙ, ʛ) ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʩʪʘʥʮʠʡ 9 ʠ 184 01 ï 05 ʠʶʣʷ 2025 ʛ. ʇʨʦʠʩʭʦʜʠʪ ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 02 

ʠʁ ʣʷ. ɿɸɹ ï ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 16. Graphs of temporal variations of ORP (a) and temperature (ʙ) in groundwater at station 184, 

respectively on July 01 ï 05, 2025. earthquakes. The Transbaikal earthquake occurs on July 2. ɿɸɹ ï 

Zabaikalôsk earthquake. 
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05 ï 10 ʠʶʣʷ 2025 ʛ. 

ɺ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʠʩʭʦʜʷʪ ʩʣʘʙʳʝ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ ʥʘ ʟʘʧʘʜʝ ɹʈʉ. 06 ʠʶʣʷ ʣʠʥʠʷ 

ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʠʤʝʝʪ ʠʟʨʝʟʘʥʥʳʡ 

ʚʠʜ. ʃʠʥʠʷ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 184 ʜʘʝʪ 

ʛʣʫʙʦʢʠʝ ʤʠʥʠʤʫʤʳ ʧʦʩʣʝ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ (ʨʠʩ. 17). 

06 ʠʶʣʷ ʧʨʦʠʩʭʦʜʷʪ 2 ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ʅʦʯʥʦʝ ʄʦʥʜʠʥʩʢʦʝ ʦʪʚʝʯʘʝʪ ʩʞʘʪʠʶ ʟʝʤ-

ʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʪʦʛʜʘ ʢʘʢ 

ʜʥʝʚʥʦʝ ɹʫʩʠʡʥʛʦʣʴʩʢʦʝ ï ʨʘʩʪʷʞʝʥʠʶ. 

 

ʈʠʩ. 17. ɻʨʘʬʠʢʠ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ (ʘ, ʚ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʙ, ʛ) ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʩʪʘʥʮʠʡ 9 ʠ 184 5 ï 10 ʠʶʣʷ 2025 ʛ. 

Fig. 17. Graphs of temporal variations of ORP (a) and temperature (ʙ) in groundwater at station 184, 

respectively on July 5 ï 10, 2025. 

10 ï 14 ʠʶʣʷ 

ʅʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʫʤ ʆɺʇ ʩʪ. 9 (ʩʞʘʪʠʝ 

ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʢʨʘʝʚʦʤ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ 

ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ) ʧʝʨʝʜ ʩʣʘʙʳʤ 

ʋʤʭʝʡʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʥʘ ʩʝʚʝʨʥʦʤ 

ʦʢʦʥʯʘʥʠʠ ɹʘʨʛʫʟʠʥʩʢʦʡ ʜʦʣʠʥʳ 13 ʠʶʣʷ 

(ʂ=10.1) ʠ ʩʣʘʙʳʡ ʤʠʥʠʤʫʤ ʆɺʇ ʩʪ. 184 (ʠʤ-

ʧʫʣʴʩ ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʂʫʣʪʫʢʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʠ ʦʩʝʚʦʡ ʯʘʩʪʠ ɹʈʉ) ʚʦ 

ʚʨʝʤʷ ʵʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ (ʨʠʩ. 18). 

ɺʳʷʚʣʷʝʪʩʷ ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʚʨʝʤʝʥʥʳʭ 

ʚʘʨʠʘʮʠʡ ʆɺʇ ʩʪʘʥʮʠʡ ʤʦʥʠʪʦʨʠʥʛʘ. ʅʘ ʩʪ. 

9 ʆɺʇ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʚ ʚʝʨʭʥʝʤ, ʠ ʚ ʥʠʞ-

ʥʝʤ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʞʘʪʠʠ 

ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ. ʅʘ ʩʪ. 

184 ʟʥʘʯʝʥʠʷ ʆɺʇ ʚ ʚʝʨʭʥʝʤ ʧʨʝʜʝʣʝ ʚʳʜʝʨ-

ʞʠʚʘʶʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʪʦʛʜʘ ʢʘʢ ʟʥʘʯʝ-

ʥʠʷ ʆɺʇ ʚ ʥʠʞʥʝʤ ʧʨʝʜʝʣʝ ʤʝʥʷʶʪʩʷ ʚ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʦʙʨʘʟʫʝʪʩʷ ʣʠ ʤʠʥʠʤʫʤ 

ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʩʤʝʥʷʶʪʩʷ ʣʠ ʤʠʥʠʤʫʤʳ 

ʧʦ ʛʣʫʙʠʥʝ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɺʦ ʚʨʝʤʝʥ-

ʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩ 10 ʜʦ 14 ʠʶʣʷ ʋʤʭʝʡʩʢʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ 13 ʠʶʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʘʥʦ-

ʤʘʣʴʥʦʤʫ ʩʞʘʪʠʶ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ, 

ʧʨʦʷʚʠʚʰʝʤʫʩʷ ʙʣʘʛʦʜʘʨʷ ʧʨʦʢʘʯʢʝ ʩʢʚʘ-

ʞʠʥʳ ʩʪ. 9 12 ʠʶʣʷ (ʪ.ʝ. ʜʦ ʵʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ), ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤʫ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʤʠ-

ʥʠʤʫʤʦʚ ʆɺʇ ʩʪ. 184, ʧʨʦʜʦʣʞʘʶʱʝʤʫʩʷ 

12ï14 ʠʶʣʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʛʣʫʙʦʢʠʝ ʤʠʥʠ-

ʤʫʤʳ ʆɺʇ ʩʪ. 184 ʠʩʯʝʟʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤ-

ʧʝʥʩʘʮʠʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ ʚ ʟʝʤʥʦʡ 

ʢʦʨʝ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝ-

ʥʴʶ ʩʞʠʤʘʶʱʠʤʠ ʫʩʠʣʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʧʨʝ-

ʜʝʣʷʶʪʩʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ. 

ʋʤʭʝʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 13 ʠʶʣʷ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʩʦʩʪʦʷʥʠʶ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢ-

ʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ 

ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʵʬʬʝʢʪʳ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷ-

ʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ, 

ʠ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ. 

ʆʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚʦ ʚʨʝʤʷ ʢʦʨʦʪʢʦʛʦ ʠʤ-

ʧʫʣʴʩʘ ʨʘʩʪʷʞʝʥʠʷ ʥʘ ʬʦʥʝ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ 

ʧʦʣʠʛʦʥʘ. 

 

ʈʠʩ. 18. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 10 ʜʦ 14 ʠʶʣʷ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ ʩʢʚʘ-

ʞʠʥʘʭ (ʚ, ʛ). 

Fig. 18. Graphs of temporal ORP variations on July 10ï14, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). 
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14ï18 ʠʶʣʷ 

ʄʘʢʩʠʤʫʤ ʆɺʇ ʩʪ. 9 ʦʧʷʪʴ ʦʙʦʟʥʘʯʘʝʪ ʩʦ-

ʩʪʦʷʥʠʝ ʩʞʘʪʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ 

ʨʘʟʣʦʤʝ. ʄʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʚʘʨʠʘʮʠʠ ʆɺʇ 

ʩʪ. 184 ʧʨʦʜʦʣʞʘʶʪʩʷ ʩ 12ï14 ʠʶʣʷ ʜʦ 15 

ʠʶʣʷ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʥʦ 16ï17 ʠʶʣʷ ʩʤʝʥʷ-

ʶʪʩʷ ʜʚʫʤʷ ʛʣʫʙʦʢʠʤʠ ʤʠʥʠʤʫʤʘʤʠ ʆɺʇ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʨʘʩʪʷʞʝʥʠʠ ʟʝʤʥʦʡ 

ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝ-

ʥʴʶ. (ʨʠʩ. 19). 

ʅʘ ʂʫʣʪʫʢʩʢʦʤ ʧʦʣʠʛʦʥʝ ʚ ʪʝʯʝʥʠʝ ʥʝ-

ʩʢʦʣʴʢʠʭ ʜʥʝʡ ʧʨʝʦʙʣʘʜʘʝʪ ʵʬʬʝʢʪ ʩʞʘʪʠʷ. 

ɺ ʚʦʟʤʫʱʝʥʠʷʭ ʆɺʇ ʧʨʦʷʚʣʷʝʪʩʷ ʢʦʥʪʨʘʩʪ 

ʤʝʞʜʫ ʩʞʘʪʠʝʤ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʠ 

ʨʘʩʪʷʞʝʥʠʝʤ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝ-

ʩʢʦʡ ʩʪʫʧʝʥʴʶ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. 

 

 

ʈʠʩ. 19. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 14 ʜʦ 18 ʠʶʣʷ ʚ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ 

ʞʝ ʩʢʚʘʞʠʥʘʭ (ʚ, ʛ). 

Fig. 19. Graphs of temporal ORP variations on July 14ï18, 2025 in groundwater at stations 9 

(a) and 184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). 

18ï22 ʠʶʣʷ 

ɼʦ 18 ʠʶʣʷ ʚ ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ ʆʙʨʫʯʝʚ-

ʩʢʦʛʦ ʨʘʟʣʦʤʘ ʧʨʠ ʧʨʦʢʘʯʢʝ ʩʢʚʘʞʠʥʳ ʩʪ. 9 

ʆɺʇ ʚʦʟʨʘʩʪʘʝʪ. ʆʜʥʘʢʦ ʩ ʧʦʣʫʜʥʷ 18 ʜʦ ʫʪʨʘ 

20 ʠʶʣʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʢʘʯʢʫ, ʆɺʇ ʵʪʦʡ 

ʩʪʘʥʮʠʠ ʩʥʠʞʘʝʪʩʷ ʠ ʦʢʦʣʦ 08 ʯʘʩʦʚ ʚʳʭʦʜʠʪ 

ʥʘ ʤʠʥʠʤʫʤ. ʇʨʦʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʨʘʩʪʷʞʝ-

ʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ. 

ɿʘʪʝʤ ʆɺʇ ʨʘʩʪʝʪ (ʢʦʨʘ ʆʙʨʫʯʝʚʩʢʦʛʦ ʨʘʟ-

ʣʦʤʘ ʩʞʠʤʘʝʪʩʷ) ʜʦ ʨʝʘʣʠʟʘʮʠʠ ɹʘʛʜʘʨʠʥ-

ʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ ʩ ʧʦʚʳ-

ʰʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ (ʂ=12.9) 20 

ʠʶʣʷ ʚ 21 ʯ. 23 ʤʠʥ. ʇʦʩʣʝ ʵʪʦʛʦ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʦʛʠʙʘʶʱʠʝ ʣʠʥʠʠ 

ʆɺʇ ʩʪ. 9 ʚʳʧʦʣʘʞʠʚʘʶʪʩʷ (ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʥʝʡʪʨʘʣʴʥʳʡ ʨʝʞʠʤ) ʜʦ ʨʝʘʣʠʟʘʮʠʠ ʩʣʘʙʦʛʦ 

(ʂ=9.5) ʃʠʩʪʚʷʥʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ 
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ʮʝʥʪʨʝ ɹʈʉ 21 ʠʶʣʷ ʚ 15 ʯ. 55 ʤʠʥ. ɿʘʪʝʤ 

ʆɺʇ ʩʥʦʚʘ ʨʘʩʪʝʪ (ʢʦʨʘ ʆʙʨʫʯʝʚʩʢʦʛʦ ʨʘʟ-

ʣʦʤʘ ʧʨʦʜʦʣʞʘʝʪ ʩʞʠʤʘʪʴʩʷ), ʥʦ 22 ʠʶʣʷ 

ʆɺʇ ʩʥʠʞʘʝʪʩʷ ʙʝʟ ʧʨʦʷʚʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʡ. ʅʘ ʩʪ. 184 ɹʘʛʜʘʨʠʥʩʢʦʤʫ ʠ ʃʠʩʪʚʷʥ-

ʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʣʦ-

ʘʤʧʣʠʪʫʜʥʳʡ ʦʪʨʝʟʦʢ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʛʣʫʙʦʢʠʤʠ ʤʠʥʠʤʫʤʘʤʠ 19 ʠ 

22 ʠʶʣʷ. ʅʘ ʵʪʦʤ ʦʪʨʝʟʢʝ ʨʘʩʪʷʞʝʥʠʝ ʟʝʤʥʦʡ 

ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝ-

ʥʴʶ ʥʠʚʝʣʠʨʫʝʪʩʷ (ʨʠʩ. 20). 

ɹʘʛʜʘʨʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 20 ʠʶʣʷ ʧʦ-

ʚʳʰʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ=12.9) 

ʠ ʩʣʝʜʫʶʱʝʝ ʟʘ ʥʠʤ ʙʦʣʝʝ ʩʣʘʙʦʝ (ʂ=9.5) 

ʃʠʩʪʚʷʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 21 ʠʶʣʷ ʧʨʦʠʩ-

ʭʦʜʷʪ ʧʨʠ ʩʞʘʪʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ 

ʧʦʣʠʛʦʥʘ. 

 

ʈʠʩ. 20. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 18 ʜʦ 22 ʠʶʣʷ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ ʩʢʚʘ-

ʞʠʥʘʭ (ʚ, ʛ). ɹɸɻ ï ɹʘʛʜʘʨʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 20. Graphs of temporal ORP variations on July 18ï22, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). ɹɸɻ ï Bagdarin earth-

quake. 

22ï26 ʠʶʣʷ 

ʅʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʆɺʇ ʩʪ. 9 23 ʠ 

25 ʠʶʣʷ (ʩʞʘʪʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ 

ʨʘʟʣʦʤʝ) ʠ ʤʠʥʠʤʫʤ ʆɺʇ ʩʪ. 184 25 ʠʶʣʷ 

(ʨʘʩʪʷʞʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ). ɺʦʟʤʫʱʝʥʠʝ ʆɺʇ 

23 ʠʶʣʷ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 ʤʦʞʝʪ ʦʪʨʘ-

ʞʘʪʴ ʩʣʝʛʢʘ ʟʘʧʘʟʜʳʚʘʶʱʠʡ ʵʬʬʝʢʪ ʤʘʛʥʠʪ-

ʥʦʡ ʙʫʨʠ, ʘ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʚʦʟʤʫʱʝʥʠʝ ʆɺʇ 

25 ʠʶʣʷ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 184 ï 
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ʚʦʟʤʦʞʥʳʡ ʵʬʬʝʢʪ ʵʪʦʡ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ ʩ 

ʩʠʣʴʥʦʡ ʟʘʜʝʨʞʢʦʡ (ʨʠʩ. 21). 

ʆʪʩʫʪʩʪʚʠʝ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ɹʈʉ ʥʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩʞʘʪʠʷ ʠʣʠ 

ʨʘʩʪʷʞʝʥʠʷ ʚ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʂʫʣʪʫʢ-

ʩʢʦʛʦ ʧʦʣʠʛʦʥʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʝʡʩʤʦ-

ʛʝʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ. 

 

ʈʠʩ. 21. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 22 ʜʦ 26 ʠʶʣʷ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ ʩʢʚʘ-

ʞʠʥʘʭ (ʚ, ʛ). 

Fig. 21. Graphs of temporal ORP variations on July 18ï22, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). 

26ï30 ʠʶʣʷ 

ʆʪ ʥʘʯʘʣʘ ʢ ʢʦʥʮʫ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥ-

ʪʝʨʚʘʣʘ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʩʥʠʞʘʝʪʩʷ. 

(ʨʘʩʪʷʞʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟ-

ʣʦʤʝ ʚʦʟʨʘʩʪʘʝʪ). ɼʚʝ ʧʨʦʢʘʯʢʠ ʩʢʚʘʞʠʥʳ 

ʵʪʦʡ ʩʪʘʥʮʠʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʵʧʠʟʦʜʳ ʚʦʟʨʘʩ-

ʪʘʥʠʷ ʆɺʇ (ʵʧʠʟʦʜʳ ʩʞʘʪʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ 

ʨʘʟʣʦʤʝ). ʇʝʨʚʳʡ ʵʧʠʟʦʜ ʚʦʟʨʘʩʪʘʥʠʷ ʆɺʇ 

ʩʪ. 9 (26ï27 ʠʶʣʷ) ʯʘʩʪʠʯʥʦ ʩʦʚʧʘʜʘʝʪ ʧʦ ʚʨʝ-

ʤʝʥʠ ʩ ʢʦʨʦʪʢʠʤ ʵʧʠʟʦʜʦʤ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ 

ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 184, ʢʦ-

ʪʦʨʳʡ ʩʤʝʥʷʝʪʩʷ ʛʣʫʙʦʢʠʤ ʤʠʥʠʤʫʤʦʤ ʆɺʇ. 

ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ɺʪʦʨʦʡ ʵʧʠʟʦʜ 

ʚʦʟʨʘʩʪʘʥʠʷ ʆɺʇ ʩʪ. 9 (28ï29 ʠʶʣʷ) ʚʧʠʩʳ-

ʚʘʝʪʩʷ ʚ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 

ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜʘʭ ʩʪ. 184 ʩ 27 ʜʦ 30 ʠʶʣʷ. ʕʪʦ ʩʦʯʝ-

ʪʘʥʠʝ ʚʘʨʠʘʮʠʡ ʆɺʇ ʦʪʨʘʞʘʝʪ ʩʞʘʪʠʝ ʚ ʆʙ-

ʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʠʚʝʣʠ-

ʨʦʚʘʥʠʝʤ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ. ʋʩʣʦʚʠʷ ʦʙʱʝʛʦ 

ʩʞʘʪʠʷ ʥʘ ʂʫʣʪʫʢʩʢʦʤ ʧʦʣʠʛʦʥʝ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʧʨʦʷʚʣʝʥʠʶ ʄʫʷʢʘʥʩʢʦʛʦ 
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ʟʝʤʣʝʪʨʷʩʝʥʠʷ 29 ʠʶʣʷ ʚ 01 ʯ. 29 ʤʠʥ. 

(ʂ=10.6) (ʨʠʩ. 22). 

ʄʫʷʢʘʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 29 ʠʶʣʷ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʨʠ ʩʞʘʪʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ 

ʧʦʣʠʛʦʥʘ. 

 

ʈʠʩ. 22. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 26 ʜʦ 30 ʠʶʣʷ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ ʩʢʚʘ-

ʞʠʥʘʭ (ʚ, ʛ). ʄʋ ï ʄʫʷʢʘʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 22. Graphs of temporal ORP variations on July 26ï30, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). ʄʋ ï Muyakan earthquake. 

30 ʠʶʣʷ ï 02 ʘʚʛʫʩʪʘ 

ɺ ʥʘʯʘʣʝ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (30 ʠ 

31 ʠʶʣʷ) ʛʨʘʬʠʢʠ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʠ 

184 ʧʦʢʘʟʳʚʘʶʪ ʤʠʥʠʤʫʤʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶ-

ʱʠʝ ʦʙ ʦʙʱʝʤ ʨʘʩʪʷʞʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ 

ʂʫʣʪʫʢʩʢʦʤ ʧʦʣʠʛʦʥʝ. ʊʘʢʦʝ ʥʘʧʨʷʞʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦ-

ʷʚʣʝʥʠʶ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ɹʈʉ. ɿ1 

ʠʶʣʷ ʦʢʦʣʦ 16 ʯ., ʦʜʥʘʢʦ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʩʭʦʜʥʳʡ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʡ ʨʝʞʠʤ ʚʘʨʠʘʮʠʡ 

ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʠ 184, ʢʦʪʦʨʦʤʫ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʪ 3 ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ: 

ʍʫʙʩʫʛʫʣʴʩʢʦʝ (ʂ=9.5) ʥʘ ʟʘʧʘʜʝ 01 ʘʚʛʫʩʪʘ ʚ 

18 ʯ. 16 ʤʠʥ., ʂʘʙʘʥʩʢʦʝ (ʂ=10.0) ʚ ʮʝʥʪʨʝ 01 

ʘʚʛʫʩʪʘ ʚ 21 ʯ. 16 ʤʠʥ. ʠ ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʝ 

(ʂ=10.2) ʥʘ ʚʦʩʪʦʢʝ 02 ʘʚʛʫʩʪʘ ʚ 10 ʯ. 59 ʤʠʥ. 

(ʨʠʩ. 23). 

ʄʘʣʦʘʤʧʣʠʪʫʜʥʳʝ ʚʘʨʠʘʮʠʡ ʆɺʇ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜ ʩʪʘʥʮʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʩʢʦʣʴʟʷʱʝʤʫ ʧʨʦʷʚʣʝʥʠʶ ʪʨʝʭ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ 01 ʠ 02 ʘʚʛʫʩʪʘ ʩʦ ʩʤʝʱʝʥʠʝʤ ʩ 

ʟʘʧʘʜʘ ʯʝʨʝʟ ʮʝʥʪʨ ʥʘ ʚʦʩʪʦʢ ʧʦ ʚʩʝʡ ʧʨʦʪʷ-

ʞʝʥʥʦʩʪʠ ɹʈʉ ʧʨʠ ʦʙʱʝʤ ʥʠʚʝʣʠʨʦʚʘʥʠʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ (ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
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ʦʪʚʝʯʘʶʪ ʩʞʘʪʠʶ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢ-

ʩʢʦʛʦ ʧʦʣʠʛʦʥʘ). ɺ ʢʦʥʮʝ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ (02 

ʘʚʛʫʩʪʘ) ʥʝʡʪʨʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʟʝʤʥʦʡ 

ʢʦʨʳ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ, ʥʦ ʚ ʆʙʨʫʯʝʚʩʢʦʤ 

ʨʘʟʣʦʤʝ ʨʝʟʢʦ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʞʘʪʠʝ, ʚʳʨʘ-

ʞʝʥʥʦʝ ʚ ʟʘʤʝʪʥʦʤ ʚʦʟʨʘʩʪʘʥʠʠ ʆɺʇ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʢʘʯʢʠ ʩʢʚʘʞʠʥʳ. 

 

ʈʠʩ. 23. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 30 ʠʶʣʷ ʜʦ 3 ʘʚʛʫʩʪʘ ʚ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ 

ʞʝ ʩʢʚʘʞʠʥʘʭ (ʚ, ʛ). ʂɹ ï ʂʘʙʘʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 23. Graphs of temporal ORP variations on July 30 to August 3, 2025 in groundwater at stations 9 

(a) and 184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). ʂɹ ï Kabansk 

earthquake. 

03ï07 ʘʚʛʫʩʪʘ 

ɺ ʥʘʯʘʣʝ ʵʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (03 

ʘʚʛʫʩʪʘ) ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʩʥʘʯʘʣʘ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʨʦʢʘʯʢʝ ʩʢʚʘʞʠʥʳ (ʧʨʦʷʚʣʷ-

ʝʪʩʷ ʵʬʬʝʢʪ ʩʞʘʪʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ). 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 184 

ʠʤʝʝʪ ʤʘʣʳʝ ʘʤʧʣʠʪʫʜʳ ʚʘʨʠʘʮʠʡ ʠ ʚʳʜʝʨ-

ʞʠʚʘʝʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ ʦ ʥʠʚʝʣʠʨʦʚʘʥʠʠ ʨʘʩʪʷʞʝʥʠʷ ʧʦʜ ʂʫʣ-

ʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ 04 ʘʚʛʫʩʪʘ ʚ 04 ʯ. 14 ʤʠʥ. 

ʨʝʘʣʠʟʫʝʪʩʷ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝ (ʂ=10.6). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 

ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʚʦʟʤʫʱʝʥʠʷ 05ï06 ʘʚʛʫʩʪʘ (ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʷ-

ʞʝʥʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ). ʇʦʜʦʙʥʦʝ 

ʩʥʠʞʝʥʠʝ ʆɺʇ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 184 

ʥʘʯʠʥʘʝʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʫʩʣʦʚʠʷʤ ʨʘʩʪʷ-

ʞʝʥʠʷ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʩʪʫʧʝʥʴʶ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʨʘʩʪʷʞʝʥʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʫʩʪʘʥʘʚʣʠ-

ʚʘʝʪʩʷ ʧʦʜ ʦʙʝʠʤʠ ʩʪʘʥʮʠʷʤʠ ʤʦʥʠʪʦʨʠʥʛʘ. 
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ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 06 ʘʚʛʫʩʪʘ ʚ 07 ʯ. 25 ʤʠʥ. ʨʝ-

ʘʣʠʟʫʝʪʩʷ ʩʣʘʙʦʝ ʉʝʚʝʨʦ-ɹʘʛʫʟʠʥʩʢʦʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝ (ʂ=9.7) (ʨʠʩ. 24). 

ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʨʝʘʣʠ-

ʟʫʝʪʩʷ ʧʨʠ ʩʞʘʪʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʥʘ ʂʫʣʪʫʢ-

ʩʢʦʤ ʧʦʣʠʛʦʥʝ, ʉʝʚʝʨʦ-ɹʘʛʫʟʠʥʩʢʦʝ ï ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ. ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʦʪʚʝʯʘʝʪ ʦʙʱʝʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

ɹʈʉ ʧʨʠ ʩʞʘʪʠʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʧʦʩʣʝʜʥʝʝ 

ʚʧʝʨʚʳʝ (06 ʘʚʛʫʩʪʘ) ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ 

ʦʙʱʝʛʦ ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢ-

ʩʢʦʛʦ ʧʦʣʠʛʦʥʘ. 

 

ʈʠʩ. 24. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 03 ʜʦ 08 ʘʚʛʫʩʪʘ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ ʩʢʚʘ-

ʞʠʥʘʭ (ʚ, ʛ). ʉɹ ï ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ʉɹɻ ï ʉʝʚʝʨʦ-ɹʘʨʛʫʟʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʝ. 

Fig. 24. Graphs of temporal ORP variations on August 3ï8, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). ʉɹ ï North Baikal earth-

quake. ʉɹɻ ï North Barguzin earthquake. 

07 ï 11 ʘʚʛʫʩʪʘ 

ɺ ʥʘʯʘʣʝ ɻ ʪʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʆɺʇ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ 

(ʟʝʤʥʘʷ ʢʦʨʘ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ ʨʘʩʪʷʛʠ-

ʚʘʝʪʩʷ). ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 184 ʚ ʥʘʯʘʣʝ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 07ï11 ʘʚʛʫʩʪʘ ʥʘʙʣʶ-

ʜʘʶʪʩʷ ʤʠʥʠʤʫʤʳ ʆɺʇ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ 

ʦ ʨʘʩʪʷʞʝʥʠʠ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʩʪʫʧʝʥʴʶ. ɼʚʘ ʩʣʘʙʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 08 ʘʚʛʫ-

ʩʪʘ (ɻʦʣʦʫʩʪʥʦʝ ʠ ɸʢʘʜʝʤʠʯʝʩʢʦʝ) ʮʝʥʪʨʘ 

ɹʈʉ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʥʝʜʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʝʞʠʤʘ ʨʘʩʪʷʞʝʥʠʷ ʥʘ 

ʩʪʘʥʮʠʷʭ 9 ʠ 184 (ʩ 04 ʜʦ 08 ʘʚʛʫʩʪʘ). ʕʪʠ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʷ ʧʨʝʜʰʝʩʪʚʫʶʪ ʩʠʣʴʥʦʡ 
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ʤʘʛʥʠʪʥʦʡ ʙʫʨʝ 09 ʘʚʛʫʩʪʘ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ 

ʩʥʠʞʝʥʠʝ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʤʦʞʝʪ 

ʫʩʠʣʠʚʘʪʴʩʷ ʧʦʜ ʝʝ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʘ ʣʠʥʠʷ 

ʆɺʇ ʩʪ. 184 ʩʛʣʘʞʠʚʘʝʪʩʷ. ɺʦ ʚʨʝʤʷ ʤʘʛʥʠʪ-

ʥʦʡ ʙʫʨʠ ʆɺʇ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʪ. 9 ʚʳʭʦʜʠʪ 

ʥʘ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʧʝʨʝʭʦʜʷʱʠʝ ʯʝ-

ʨʝʟ ʘʤʧʣʠʪʫʜʥʳʝ ʚʘʨʠʘʮʠʠ ʢ 10 ʘʚʛʫʩʪʘ ʢ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʇʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʙʫʨʠ (10 ʠ 11 ʘʚʛʫ-

ʩʪʘ) ʩʣʝʜʫʶʪ ʨʝʛʫʣʷʨʥʳʝ ʩʣʘʙʳʝ ʢʦʣʝʙʘʥʠʷ 

ʆɺʇ ʩʪ. 184. (ʨʠʩ. 25). 

ɻʦʣʦʫʩʪʥʦʝ ʠ ɸʢʘʜʝʤʠʯʝʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ 08 ʘʚʛʫʩʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩ-

ʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠ-

ʛʦʥʘ, ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʧʨʠ ʉʝʚʝʨʦ-ɹʘʛʫʟʠʥ-

ʩʢʦʤ ʩʦʙʳʪʠʠ 06 ʘʚʛʫʩʪʘ. 

 

ʈʠʩ. 25. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 07 ʜʦ 11 ʘʚʛʫʩʪʘ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ ʩʢʚʘ-

ʞʠʥʘʭ (ʚ, ʛ). ɻʆ ï ɻʦʣʦʫʩʪʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ɸʂ ï ʉʝʚʝʨʦ-ɸʢʘʜʝʤʠʯʝʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 25. Graphs of temporal ORP variations on August 07ï11, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). ɻʆ ï Goloustnoe earth-

quake. ɸʂ ï North Akademicheskiy earthquake. 

11 ï 15 ʘʚʛʫʩʪʘ 

ɺʦ ʵʪʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜʘʭ ʩʪʘʥʮʠʡ 9 ʠ 184 ʥʘʙʣʶʜʘʶʪʩʷ ʠʥ-

ʪʝʨʚʘʣʳ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʆɺʇ ʩ 13 ʜʦ 15 ʘʚ-

ʛʫʩʪʘ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʛʣʫʙʦʢʠʤʠ ʤʠʥʠʤʫʤʘʤʠ 

ʛʨʘʬʠʢʦʚ. ʆɺʇ ʚ ʮʝʣʦʤ ʠʤʝʶʪ ʩʦʛʣʘʩʦʚʘʥ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʆɺʇ ʤʠʥʠʤʫʤʦʚ. ɺʨʝʤʝʥʥʦʡ 

ʠʥʪʝʨʚʘʣ ʪʘʢʠʭ ʤʠʥʠʤʫʤʦʚ ʥʘ ʩʪ. 9 ʥʝʩʢʦʣʴʢʦ 

ʰʠʨʝ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʛʣʫʙʦʢʠʭ ʤʠʥʠ-

ʤʫʤʦʚ ʩʪ. 184. ʄʠʥʠʤʫʤʳ ʩʪ. 184 ʥʘʯʠʥʘʶʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʥʦʯʴʶ, ʢʦʛʜʘ ʚʦʜʘ ʠʟ 
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ʩʢʚʘʞʠʥʳ ʥʝ ʦʪʙʠʨʘʝʪʩʷ, ʪʦʛʜʘ ʢʘʢ ʤʠʥʠ-

ʤʫʤʳ ʩʪ. 9 ʟʘʧʫʩʢʘʶʪʩʷ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, ʢʦ-

ʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʙʦʨ ʚʦʜʳ ʠʟ ʩʢʚʘʞʠʥʳ (ʨʠʩ. 

26). 

ʇʝʨʝʛʠʙ ʢʨʠʚʦʡ ʚ ʥʘʯʘʣʝ ʤʠʥʠʤʫʤʘ ʩʪ. 9 

13 ʘʚʛʫʩʪʘ 2025 ʛ. ʚ 12 ʯ. 25 ʤʠʥ. ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʣʘʙʦʤʫ ɹʘʨʛʫʟʠʥʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʶ (ʂ=9.8). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʝʨʝʛʠʙ ʢʨʠ-

ʚʦʡ ʚ ʥʘʯʘʣʝ ʤʠʥʠʤʫʤʘ ʩʪ. 184 ʚ 04 ʯ. 42 ʤʠʥ. 

ʩʪ. 184 ʧʨʝʜʰʝʩʪʚʫʝʪ ʵʪʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠ-

ʪʫʜʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʥʘ ʩʪ. 9 ʫʞʝ ʚʝʯʝʨʦʤ 12 

ʘʚʛʫʩʪʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʩ ʦʜʥʦʡ ʩʪʦ-

ʨʦʥʳ, ʦ ʧʨʦʷʚʣʝʥʠʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʵʪʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʦʙʝʠʭ ʩʪʘʥʮʠʡ 

ʤʦʥʠʪʦʨʠʥʛʘ ʜʦ ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʩʝʡʩʤʠʯʝ-

ʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʩʚʷ-

ʟʘʪʴ ʚʩʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʆɺʇ ʦʙʝʠʭ ʩʪʘʥʮʠʡ 

13ï15 ʘʚʛʫʩʪʘ ʩ ʝʛʦ ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʨʝʘʣʠʟʘ-

ʮʠʝʡ. ɹʘʨʛʫʟʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 13 ʘʚʛʫʩʪʘ 

ʦʙʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʦʪ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤ-

ʧʫʣʴʩʘ ʀɸ ʢ ʧʝʨʝʩʪʨʦʡʢʝ, ʦʪʨʘʞʘʶʱʝʡʩʷ ʚ 

ʢʦʣʝʙʘʥʠʷʭ ʨʘʩʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ ʟʝʤʥʦʡ 

ʢʦʨʳ. 

ɹʘʨʛʫʟʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʨʝʘʣʠʟʫʝʪʩʷ 

13 ʘʚʛʫʩʪʘ ʧʨʠ ʩʤʝʥʝ ʦʙʱʝʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʢʦʣʝʙʘʥʠʷʤʠ ʨʘʩ-

ʪʷʞʝʥʠʷ ʠ ʩʞʘʪʠʷ. 

 

ʈʠʩ. 26. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 11 ʜʦ 15 ʘʚʛʫʩʪʘ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ ʩʢʚʘ-

ʞʠʥʘʭ (ʚ, ʛ). ɹɸʈɻ ï ɹʘʨʛʫʟʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. 

Fig. 26. Graphs of temporal ORP variations on August 11ï15, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). ɹɸʈɻ ï Barguzin earth-

quake. 
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15 ï 19 ʘʚʛʫʩʪʘ 

ɺ ʵʪʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚ ʧʦʜʟʝʤʥʳʭ 
ʚʦʜʘʭ ʩʪ. 184 ʥʘʙʣʶʜʘʶʪʩʷ ʛʘʨʤʦʥʠʯʥʳʝ ʛʣʫ-
ʙʦʢʠʝ ʤʠʥʠʤʫʤʳ ʆɺʇ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʶʪ ʦʙ ʵʧʠʟʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʝʤʩʷ ʨʘʩ-
ʪʷʞʝʥʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʧʦʜ ʂʫʣʪʫʢʩʢʦʡ ʪʝʢʪʦ-
ʥʠʯʝʩʢʦʡ ʩʪʫʧʝʥʴʶ. ɺ ʧʦʜʟʝʤʥʳʭ ʚʦʜʘʭ ʩʪ. 9 
ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʢʦʣʝʙʘʥʠʷ ʆɺʇ ʩ ʦʙʱʠʤ 
ʧʦʚʳʰʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ 
ʥʠʞʥʝʤ ʧʨʝʜʝʣʝ ʩ 15 ʜʦ 18 ʘʚʛʫʩʪʘ ʦʪ 349 ʜʦ 
355 ʤɺ. ʂ ʚʝʯʝʨʫ18 ʘʚʛʫʩʪʘ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢ-
ʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 357 ʤɺ, ʦʪ ʢʦʪʦʨʦʛʦ ʛʝ-
ʥʝʨʠʨʫʝʪʩʷ ʥʦʯʥʦʡ ʛʣʫʙʦʢʠʡ ʤʠʥʠʤʫʤ ʆɺʇ 
(ʜʦ 352 ʤɺ). ʂ ʧʦʣʫʜʥʶ 19 ʘʚʛʫʩʪʘ ʵʪʦʪ ʤʠ-
ʥʠʤʫʤ ʥʠʚʝʣʠʨʫʝʪʩʷ. ɺ 11 ʯ. 48 ʤʠʥ. ʧʨʦʠʩ-
ʭʦʜʠʪ ʩʣʘʙʦʝ ʐʠʰʭʠʜ-ɻʦʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʝ (ʐɻ) ʂ=10.1, ʘ ʚ 21 ʯ. 57 ʤʠʥ. ʙʦʣʝʝ ʩʠʣʴ-
ʥʦʝ ʩʦʙʳʪʠʝ (ʂ=10.7) ʚ ʟʦʥʝ ɻʣʘʚʥʦʛʦ 
ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɺʦ-
ʩʪʦʯʥʳʭ ʉʘʷʥ (ʟʝʤʣʝʪʨʷʩʝʥʠʝ ɻʉʈ) (ʨʠʩ. 27). 

ʉ 15 ʜʦ 18 ʘʚʛʫʩʪʘ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʚʦʟ-
ʨʘʩʪʘʥʠʝ ʩʞʘʪʠʷ ʚ ʆʙʨʫʯʝʚʩʢʦʤ ʨʘʟʣʦʤʝ, 
ʩʤʝʥʷʶʱʝʛʦʩʷ ʧʝʨʝʜ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ ʐɻ ʢʦ-
ʨʦʪʢʠʤ ʠʤʧʫʣʴʩʦʤ ʨʘʩʪʷʞʝʥʠʷ. ʆʙʘ ʟʝʤʣʝ-
ʪʨʷʩʝʥʠʷ 19 ʘʚʛʫʩʪʘ ʦʙʦʟʥʘʯʘʶʪ ʧʝʨʝʭʦʜ ʢ 
ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʝʡʩʤʠʯʥʦʩʪʠ ʩ ʚʦʩʪʦʢʘ ʥʘ 
ʟʘʧʘʜ ɹʈʉ. ɽʜʠʥʳʡ ʦʩʝʚʦʡ ʩʪʨʦʡ ʵʧʠʮʝʥʪʨʦʚ 
ʚ ɹʈʉ ʥʘʨʫʰʘʝʪʩʷ. 
ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʐʠʰʭʠʜʛʦʣʴʩʢʦʝ ʠ ɻʣʘʚ-

ʥʦʛʦ ʉʘʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ (ʐɻ ʠ ɻʉʈ) 19 ʘʚʛʫ-
ʩʪʘ ʦʙʦʟʥʘʯʘʶʪ ʦʪʩʪʫʧʣʝʥʠʝ ʩʝʡʩʤʠʯʥʦʩʪʠ 
ʦʪ ʮʝʥʪʨʘ ɹʈʉ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʟʘ-
ʧʘʜ. ɿʝʤʣʝʪʨʷʩʝʥʠʝ ʐɻ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʞʘʪʠʶ, ɻʉʈ ï ʧʝʨʝʭʦʜʫ ʢ 
ʨʘʩʪʷʞʝʥʠʶ ʟʝʤʥʦʡ ʢʦʨʳ. ʀʤʝʶʱʘʷʩʷ ʥʝ-
ʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ 
ʆɺʇ ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʵʪʠʭ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʤʝʞʜʫ ʩʝʡ-
ʩʤʠʯʝʩʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ. 

 

ʈʠʩ. 27. ɼʠʘʛʨʘʤʤʳ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 15 ʜʦ 19 ʘʚʛʫʩʪʘ ʚ ʧʦʜʟʝʤʥʳʭ 

ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʠʭ ʞʝ 
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ʩʢʚʘʞʠʥʘʭ (ʚ, ʛ). ʐɻ ï ʐʠʰʭʠʜʛʦʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ. ɻʉʈ ï ʟʝʤʣʝʪʨʷʩʝʥʠʝ ɻʣʘʚʥʦʛʦ ʉʘʷʥ-

ʩʢʦʛʦ ʨʘʟʣʦʤʘ. 

Fig. 27. Graphs of temporal ORP variations on August 15ï19, 2025 in groundwater at stations 9 (a) and 

184 (ʙ) in comparison with temperature variations at the same stations (ʚ, ʛ). ʐɻ ï Shishkhidgol earth-

quake. ɻʉʈ ï Main Sayan Fault earthquake. 

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʪ ʬʦʥʦʚʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ ɹʈʉ ʚ ʷʥʚʘʨʝï
ʘʧʨʝʣʝ 2025 ʛ. ʢ ʩʝʡʩʤʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʘʤ 30 
ʘʧʨʝʣʷ ï 12 ʠʶʥʷ (ʠʤʧʫʣʴʩ ɸʀ) ʠ 17 ʠʁ ʥʷ ï 
13 ʘʚʛʫʩʪʘ (ʠʤʧʫʣʴʩ ʀɸ) 
ɺ ʨʘʟʚʠʪʠʠ ʩʝʡʩʤʠʯʥʦʩʪʠ ɹʈʉ ʚ 2020ï

2025 ʛʛ. ʯʝʨʝʜʫʶʪʩʷ ʩʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 
ʝʝ ʟʘʧʘʜʥʦʡ, ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ 
(ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2025ʚ). ʇʦʩʣʝ ʜʚʫʭ ʩʠʣʴʥʳʭ 
ʉʝʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʠʭ (ʂ=13.6 ʠ 14.4) ʠ ʏʫʣʫ-
ʪʳʥʩʢʦʛʦ (ʂ=13.9) ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʉʝʚʝʨʦ-

ɹʘʡʢʘʣʴʩʢʦ-ʍʘʥʛʘʡʩʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠ-
ʚʠʟʘʮʠʠ, ʨʝʘʣʠʟʦʚʘʚʰʠʭʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
27 ʜʝʢʘʙʨʷ 2023 ʛ., 15 ʷʥʚʘʨʷ ʠ 27 ʥʦʷʙʨʷ 2024 
ʛ., ʩʝʡʩʤʠʯʥʦʩʪʴ ʦʩʣʘʙʝʚʘʝʪ. ʉ ʷʥʚʘʨʷ ʜʦ 
ʢʦʥʮʘ ʘʧʨʝʣʷ 2025 ʛ. ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ 
ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʂ) ʚ ɹʈʉ ʥʝ ʧʨʝʚʳʰʘʝʪ 11.1. 
ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ 
ʭʘʦʪʠʯʥʦ ʚ ʝʝ ʟʘʧʘʜʥʦʡ, ʚʦʩʪʦʯʥʦʡ ʠ ʮʝʥ-
ʪʨʘʣʴʥʦʡ ʯʘʩʪʷʭ (ʨʠʩ. 28). ʆʪʩʫʪʩʪʚʠʝ ʧʦ-
ʨʷʜʢʘ ʦʙʦʟʥʘʯʘʝʪ ʬʦʥʦʚʳʝ ʫʩʣʦʚʠʷ ʚ ʜʝʬʦʨ-
ʤʘʮʠʷʭ ʟʝʤʥʦʡ ʢʦʨʳ ʙʝʟ ʚʠʜʠʤʦʛʦ ʧʨʝʦʙʣʘ-
ʜʘʥʠʷ ʜʝʡʩʪʚʫʶʱʠʭ ʩʠʣ ʩ ʚʦʩʪʦʢʘ ʠʣʠ ʟʘʧʘʜʘ. 

 

ʈʠʩ. 28. ɼʠʘʛʨʘʤʤʘ ʬʦʥʦʚʦʛʦ (ʭʘʦʪʠʯʥʦʛʦ) ʚʨʝʤʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ (ʘ) ʧʨʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʛʨʫʧʧʠʨʦʚʘʥʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘ ʟʘʧʘʜʝ, ʚʦʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ (ʙ) ʩ 25 ʜʝ-

ʢʘʙʨʷ 2024 ʛ. ʜʦ 29 ʘʧʨʝʣʷ 2025 ʛ. ɺ ʵʪʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʷʚʣʷʶʪʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ) 9ï11 ʠ ʥʠʞʝ (ʥʝ ʧʦʢʘʟʘʥʳ). 

Fig. 28. Diagram of background (chaotic) temporal distribution of earthquakes (a) with spatial grouping 

of earthquakes in the west, east and center of the BRS (ʙ) from December 25, 2024 to April 29, 2025. 

Earthquakes of energy class (K) 9ï11 and lower (not shown) occur in this time interval. 

ʇʝʨʚʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 2025 ʛ. ʩ ʚʦʟʨʦʩʰʠʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ (ʂ=11.6) ʧʨʦʠʩʭʦ-

ʜʠʪ 30 ʘʧʨʝʣʷ 2025 ʛ. ʚ ʍʫʙʩʫʛʫʣʴʩʢʦʤ 

ʵʧʠʮʝʥʪʨʘʣʴʥʦʤ ʧʦʣʝ ʢʘʢ ʦʪʛʦʣʦʩʦʢ ʛʣʘʚʥʦʛʦ 

ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ɹʘʡʢʘʣʦ-ʍʫʙ-

ʩʫʛʫʣʴʩʢʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 
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(ʂ=16, 11 ʷʥʚʘʨʷ 2021 ʛ.). ʉ 30 ʘʧʨʝʣʷ ʜʦ 13 

ʘʚʛʫʩʪʘ 2025 ʛ. ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘʧʘʜʥʦʡ, ʮʝʥ-

ʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ɹʈʉ ʚʳʩʪʨʘʠʚʘ-

ʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩʦʙʳʪʠʡ ʜʚʫʭ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʩʪʨʫʢ-

ʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʩʝʡʩʤʠʯʥʦʩʪʠ 12ï17 

ʠʶʥʷ. ʇʝʨʚʳʡ ʠʥʪʝʨʚʘʣ ʟʘʚʝʨʰʘʝʪʩʷ ʩʣʘʙʳʤ 

ʂʳʨʝʥʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ, ʂʓ (ʂ=9.8) 12 

ʠʶʥʷ ʚ 22 ʯ. 18 ʤʠʥ., ʚʪʦʨʦʡ ʠʥʪʝʨʚʘʣ ʥʘʯʠ-

ʥʘʝʪʩʷ 17 ʠʶʥʷ ʚ 08 ʯ. 2 ʤʠʥ. ʩʣʘʙʳʤ ʋʜʦʢʘʥ-

ʩʢʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ, ʋɼ (ʂ=10.5). ʇʝʨʝ-

ʩʪʨʦʡʢʘ 12ï17 ʠʶʥʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʭʦʜʫ 

ʦʪ ʘʧʨʝʣʴʩʢʦ-ʠʶʥʴʩʢʦʛʦ (ɸʀ) ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʠʤʧʫʣʴʩʘ ʢ ʠʶʥʴʩʢʦ-ʘʚʛʫʩʪʦʚʩʢʦʤʫ (ʀɸ) 

(ʨʠʩ. 29). 

 

ʈʠʩ. 29. ɼʠʘʛʨʘʤʤʘ ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʨʘʟʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ) ʩ 28 

ʘʧʨʝʣʷ ʜʦ 13 ʘʚʛʫʩʪʘ 2025 ʛ. (ʘ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʪʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʚ ɹʈʉ ʚ 

ʬʘʟʫ ʟʘʧʫʩʢʘ (ʙ) ʠ ʟʘʪʫʭʘʥʠʷ (ʚ) ʠʤʧʫʣʴʩʘ ɸʀ, ʚ ʬʘʟʫ ʟʘʧʫʩʢʘ (ʛ) ʠ ʟʘʪʫʭʘʥʠʷ (ʜ) ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʠʤʧʫʣʴʩʘ ʀɸ. ʅʘ ʧʘʥʝʣʷʭ ʚ ʠ ʜ ʙʦʣʴʰʠʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʪʝʨʨʠʪʦʨʠʡ ʥʘʯʘʣʴʥʳʭ ʬʘʟ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ (ʧʦʣʷ, 
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ʧʝʨʝʥʝʩʝʥʥʳʝ ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩ ʧʘʥʝʣʝʡ ʙ ʠ ʛ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʥʝʯʥʳʭ 

ʬʘʟ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ. 

Fig. 29. Diagram of temporal variations of earthquakes of different energy classes (K) from April 28 to 

August 13, 2025 (a) and spatial distribution of these earthquakes in the BRS in the start-up phase (ʙ) 

and attenuation (ʚ) of the AJ pulse, in the start-up phase (ʛ) and attenuation (ʜ) of the JA seismic pulse. 

In panels ʚ and ʜ, large arrows indicate the directions of spatial displacement of earthquakes from areas 

of initial phases of seismic pulses (fields transferred by dashed lines, respectively, from panels ʙ and ʜ) 

to those of the final phases of seismic pulses. 

ʉʝʡʩʤʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ɸʀ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʜʚʝ ʬʘʟʳ: ʥʘʯʘʣʴʥʫʶ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʦʢʦʣʦ ʤʝʩʷʮʘ ï ʩ 30 ʘʧʨʝʣʷ ʜʦ 01 ʠʶʥʷ) ʠ ʢʦ-

ʥʝʯʥʫʶ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʢʦʣʦ ʥʝʜʝʣʠ ï 

ʩ 06 ʜʦ 12 ʠʶʥʷ) (ʨʠʩ. 29ʙ,ʚ). ɺ ʥʘʯʘʣʴʥʫʶ 

ʬʘʟʫ ʠʤʧʫʣʴʩʘ ɸʀ ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ 

ʍʵʥʪʵʡʩʢʦʝ (ʍʅ) ʠ ʜʚʘ ʋʜʦʢʘʥʩʢʠʭ (ʋɼ1 ʠ 

ʋɼ2) ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠʤʝʶʪ ʧʦʚʳʰʝʥʥʳʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ (ʂ=12.0ï12.9). ʕʪʠ ʩʝʡ-

ʩʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʬʦʥʝ ʤʝ-

ʥʝʝ ʩʠʣʴʥʳʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʟʘʧʘʜʘ ɹʈʉ 

(ʂ=10.0ï11.7). ɺ ʢʦʥʝʯʥʫʶ ʬʘʟʫ ʩʝʡʩʤʠʯʝ-

ʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ɸʀ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʥʘʯʠʥʘʷ ʩ 

ɹʫʩʠʡʥʛʦʣʴʩʢʦʛʦ ʩ ʧʦʚʳʰʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʤ ʢʣʘʩʩʦʤ (ʂ=12.7), ʧʦʣʥʦʩʪʴʶ ʢʦʥʮʝʥ-

ʪʨʠʨʫʶʪʩʷ ʥʘ ʟʘʧʘʜʝ ɹʈʉ. ʂ ʢʦʥʮʫ ʩʝʡʩʤʠʯʝ-

ʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ɸʀ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʣʘʩʩ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʂ ʩʥʠʞʘʝʪʩʷ ʜʦ 9.0. 

ʉʝʡʩʤʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ ʀɸ ʪʘʢʞʝ ʨʘʟʜʝʣʷ-

ʝʪʩʷ ʥʘ ʜʚʝ ʬʘʟʳ: ʥʘʯʘʣʴʥʫʶ (ʤʝʩʷʯʥʫʶ) ï ʩ 

17 ʠʶʥʷ ʜʦ 20 ʠʶʣʷ ʠ ʢʦʥʝʯʥʫʶ (ʪʘʢʞʝ ʤʝ-

ʩʷʯʥʫʶ) ï ʩ 21 ʠʶʣʷ ʜʦ 13 ʘʚʛʫʩʪʘ (ʨʠʩ. 

29ʛ,ʜ). ɺ ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ ʠʤʧʫʣʴʩʘ ʀɸ ʜʦʤʠ-

ʥʠʨʫʶʪ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʩʪʦʢʘ ɹʈʉ. ɿʘ ʩʣʘ-

ʙʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ (ʋʜʦʢʘʥʩʢʠʤ, ʋɼ ʠ 

ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʠʤ, ɺɸʅ) 02 ʠʶʣʷ ʩʣʝʜʫʝʪ 

ɿʘʙʘʡʢʘʣʴʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ɿɸɹ) ʧʦʚʳ-

ʰʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ=11.5), ʘ 

20 ʠʶʣʷ ʚ 21 ʯ. 23 ʤʠʥ. ʧʨʦʠʩʭʦʜʠʪ ʝʱʝ ʙʦʣʝʝ 

ʩʠʣʴʥʦʝ ɹʘʛʜʘʨʠʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ (ɹɸɻ) 

(ʂ=12.9). ʅʘ ʩʣʝʜʫʶʱʠʡ ʜʝʥʴ (21 ʠʶʣʷ), ʦʜ-

ʥʘʢʦ, ʚ 15 ʯ. 55 ʤʠʥ. ʦʪʢʣʠʢʘʝʪʩʷ ʩʣʘʙʦʝ 

(ʂ=9.5) ʃʠʩʪʚʷʥʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʮʝʥʪʨʘ 

ɹʈʉ, ʢʦʪʦʨʦʝ ʦʙʦʟʥʘʯʘʝʪ ʧʝʨʝʭʦʜ ʢ ʢʦʥʝʯʥʦʡ 

ʬʘʟʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʀɸ. ɺ ʵʪʫ ʬʘʟʫ 

ʧʨʦʷʚʣʷʶʪʩʷ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚ ʮʝʥʪʨʝ 

ɹʈʉ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʚʦʩʪʦʢʘ 

ɹʈʉ ʦʩʣʘʙʝʚʘʶʪ; 28 ʠʶʣʷ ʩʣʝʜʫʝʪ 

ʄʫʷʢʘʥʩʢʦʝ ʩʦʙʳʪʠʝ, ʄʋ (ʂ=10.2) ʠ 2 ʘʚʛʫ-

ʩʪʘ ï ɺʝʨʭʥʝ-ɸʥʛʘʨʩʢʦʝ, ɺɸʅ (ʂ=10.2). ɽʜʠ-

ʥʠʯʥʦʝ ʩʦʙʳʪʠʝ ʦʪʟʳʚʘʝʪʩʷ ʚ ʵʧʠʮʝʥʪʨʘʣʴ-

ʥʦʤ ʧʦʣʝ ʛʣʘʚʥʦʛʦ ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʷ 2021 ʛ. ɺ ʮʝʣʦʤ ʩʣʘʙʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 

ʬʠʥʘʣʴʥʦʡ ʬʘʟʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ 

ʀɸ ʦʙʦʟʥʘʯʘʶʪ ʧʨʦʮʝʩʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʝʡʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʩ ʚʦʩʪʦʢʘ ʚ ʮʝʥʪʨ 

ɹʈʉ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ɸʀ 
ʠ ʀɸ ʩ ʨʘʩʪʷʛʠʚʘʶʱʠʤʠ ʠ ʩʞʠʤʘʶʱʠʤʠ 

ʫʩʠʣʠʷʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 

ɺ ʨʘʟʚʠʪʠʠ ʜʝʬʦʨʤʘʮʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʧʝʨ-

ʚʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʣʦʞʝʥʠʝ ʢ ʥʝʡ ʩʠʣ ʩʞʘ-

ʪʠʷ ʠʣʠ ʨʘʩʪʷʞʝʥʠʷ. ʉʝʡʩʤʠʯʝʩʢʠʝ ʠʤ-

ʧʫʣʴʩʳ, ʦʙʦʟʥʘʯʝʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʧʠʮʝʥʪʨʦʚ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ, ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ. 

ɿʝʤʥʘʷ ʢʦʨʘ ʠʩʧʳʪʳʚʘʝʪ ʚʩʝʩʪʦʨʦʥʥʝʝ 

ʩʞʘʪʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʛʨʘʚʠʪʘʮʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʢ ʮʝʥʪʨʫ ɿʝʤʣʠ. ʉʠʣʳ ʩʞʘʪʠʷ 

ʫʩʠʣʠʚʘʶʪʩʷ ʚ ʟʦʥʘʭ ʢʦʥʚʝʨʛʝʥʮʠʠ (ʚʟʘʠʤ-

ʥʦʛʦ ʩʭʦʞʜʝʥʠʷ), ʘ ʩʠʣʳ ʨʘʩʪʷʞʝʥʠʷ ï ʚ ʟʦʥʘʭ 

ʜʠʚʝʨʛʝʥʮʠʠ (ʚʟʘʠʤʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ) ʢʦʥ-

ʪʠʥʝʥʪʘʣʴʥʳʭ ʙʣʦʢʦʚ. ʉʞʘʪʠʝ ʠʥʠʮʠʠʨʫʝʪʩʷ 

ʥʘ ʟʘʧʘʜʝ ɹʈʉ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʜʝʬʦʨʤʘ-

ʮʠʡ ʚ ʉʘʷʥʦ-ʄʦʥʛʦʣʴʩʢʦʤ ʩʝʢʪʦʨʝ ʀʥʜʦ-

ɸʟʠʘʪʩʢʦʡ ʢʦʥʚʝʨʛʝʥʮʠʠ (ʉʄʉʀɸʂ), ʨʘʩʪʷ-

ʞʝʥʠʝ ï ʥʘ ʚʦʩʪʦʢʝ ɹʈʉ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ 

ʗʧʦʥʩʢʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦ-

ʨʠʜʦʨʘ (ʗɹɻʂ). 

ʇʦʣʫʯʝʥʥʳʡ ʨʷʜ ʆɺʇ-ʦʮʝʥʦʢ ʩʦʩʪʦʷʥʠʷ 

ʢʦʨʳ ʂʫʣʪʫʢʩʢʦʛʦ ʧʦʣʠʛʦʥʘ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷʭ ɹʈʉ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨ-

ʚʘʣʳ 1) 29 ʘʧʨʝʣʷ ï 08 ʠʶʥʷ, 2) 09 ʠʶʥʷ ï 13 

ʠʶʣʷ, 3) 20 ʠʶʣʷ ï 05 ʘʚʛʫʩʪʘ ʠ 4) 05ï09 ʘʚ-

ʛʫʩʪʘ. 
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ɺ ʧʝʨʚʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʝʦʙʣʘʜʘʝʪ ʩʝʡʩʤʦ-

ʛʝʥʝʨʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʩʞʘʪʠʷ. ʉʦʙʳʪʠʷ 

ʨʘʩʪʷʞʝʥʠʷ ʝʜʠʥʠʯʥʳ. ʉʞʘʪʠʝ, ʫʩʠʣʠʚʘʶʱʝ-

ʝʩʷ ʚ ʟʦʥʝ ʉʄʉʀɸʂ, ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ɸʀ. ʕʪʦʪ ʠʥʪʝʨʚʘʣ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʭʫʙʩʫʛʫʣʴʩʢʠʭ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 

(ʍʋ) ʟʘʧʘʜʘ ɹʈʉ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ɹʫʩʠʡʥ-

ʛʦʣʴʩʢʠʤ (ɹʋʉ) ʟʘʧʘʜʘ ʠ ʋʰʢʘʥʴʠʤ (ʋʐ) 

ʮʝʥʪʨʘ. 

ɺʦ ʚʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʝʦʙʣʘʜʘʝʪ ʩʝʡʩʤʦ-

ʛʝʥʝʨʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʨʘʩʪʷʞʝʥʠʷ. ʈʘʩʪʷ-

ʛʠʚʘʶʱʠʝ ʫʩʠʣʠʷ ʩʦʟʜʘʶʪʩʷ ʚ ʟʦʥʝ ʗɹɻʂ. 

ʆʥʠ ʚʦʟʥʠʢʘʶʪ ʫʞʝ ʚ ʢʦʥʮʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʠʤʧʫʣʴʩʘ ɸʀ ʠ ʦʪʨʘʞʘʶʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʧʝʨ-

ʚʦʡ ʧʦʣʦʚʠʥʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ɸʀ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʯʘʣʦ ʨʘʩʪʷʞʝʥʠʷ ʗɹɻʂ 

ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʝʨʝʩʪʨʦʡʢʝ ʤʝʞʜʫ ʩʝʡʩʤʠʯʝ-

ʩʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʧʝ-

ʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʟʘʧʘʜʘ ʥʘ 

ʚʦʩʪʦʢ ɹʈʉ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʤʧʫʣʴʩ ʨʘʩʪʷ-

ʞʝʥʠʷ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪ ɹʘʛʜʘʨʠʥʩʢʦʝ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝ (ɹɸɻ) ʩ ʧʦʚʳʰʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʤ ʢʣʘʩʩʦʤ, ʢʦʪʦʨʦʝ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʫʩʣʦ-

ʚʠʷʭ ʩʞʘʪʠʷ ʢʦʨʳ. 

ɺ ʪʨʝʪʴʝʤ ʠʥʪʝʨʚʘʣʝ ʩ ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶ-

ʱʠʤ ʜʝʡʩʪʚʠʝʤ ʩʞʘʪʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝ-

ʥʦʩ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʚʦʩʪʦʢʘ (ʩʦ-

ʙʳʪʠʝ ɹɸɻ) ʚ ʮʝʥʪʨ ɹʈʉ (ʩʦʙʳʪʠʝ ʃʀʉ ï 

ʃʠʩʪʚʷʥʢʘ). ɺ ʫʩʣʦʚʠʷʭ ʩʞʘʪʠʷ ʩʣʝʜʫʝʪ ʩʝʨʠʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʦʪ ʄʫʷʢʘʥʩʢʦʛʦ (ʄʋ) ʜʦ ʉʝ-

ʚʝʨʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ (ʉɹ). ʇʝʨʝʭʦʜ ʢ ʩʞʘʪʠʶ 

ʢʦʨʳ ʚʦ ʚʨʝʤʷ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ ɹɸɻ 

ʚʝʜʝʪ ʢ ʨʝʘʣʠʟʘʮʠʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʥʠʟʢʠʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ. ɽʩʣʠ ʙʳ ʟʝʤʣʝʪʨʷ-

ʩʝʥʠʝ ɹɸɻ ʧʨʦʠʟʦʰʣʦ ʚ ʨʘʩʪʷʛʠʚʘʶʱʝʡʩʷ 

ʢʦʨʝ (ʢʘʢ ʵʪʦ ʠʤʝʣʦ ʤʝʩʪʦ ʚ 2020ï2024 ʛʛ.), 

ʩʣʝʜʫʶʱʝʝ ʟʘ ʥʠʤ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʙʳʣʦ ʙʳ 

ʙʦʣʝʝ ʩʠʣʴʥʳʤ. 

ɺ ʯʝʪʚʝʨʪʦʤ ʠʥʪʝʨʚʘʣʝ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ 

ʩʝʡʩʤʦʛʝʥʝʨʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʨʘʩʪʷʞʝʥʠʷ. 

ʊʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʵʪʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʉʝʚʝʨʦ-

ɹʘʨʛʫʟʠʥʩʢʦʝ ï ʉɹʈ, ɻʦʣʦʫʩʪʝʥʩʢʦʝ ï ɻʆ ʠ 

ɸʢʘʜʝʤʠʯʝʩʢʦʝ ï ɸʂ), ʧʨʦʷʚʣʷʶʱʠʝʩʷ ʚ ʮʝʥ-

ʪʨʝ ɹʈʉ, ʦʙʦʟʥʘʯʘʶʪ ʬʠʥʘʣʴʥʫʶ ʪʝʥʜʝʥʮʠʶ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʧʠʮʝʥʪʨʦʚ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʘ ʀɸ ʩ 

ʚʦʩʪʦʢʘ ʚ ʮʝʥʪʨ ɹʈʉ. 

ɺ ʮʝʣʦʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʘ ʨʘʩʪʷʞʝʥʠʷ ʗɹɻʂ ʥʘ ʚʦ-

ʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ ɹʈʉ ʚʦ ʚʪʦʨʦʤ ʠ ʯʝʪʚʝʨʪʦʤ 

ʠʥʪʝʨʚʘʣʘʭ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʳʷʚʣʷʝʪʩʷ 

ʚʢʣʶʯʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʩʞʘʪʠʷ ʪʨʝʪʴʝʛʦ ʠʥ-

ʪʝʨʚʘʣʘ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʛʦ ʫʩʠʣʝʥʠʝ ʩʝʡ-

ʩʤʦʛʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ ʚʦʩʪʦʢʝ ʠ ʚ ʮʝʥʪʨʝ 

ɹʈʉ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʝʨʝʩʪʨʦʝʢ ɿɸɹï
ɹɸɻïɻʆ 

ʉʠʣʴʥʳʝ ʟʝʤʣʝʪʨʷʩʝʥʠʷ 2020ï2024 ʛʛ. ʩʚʷ-

ʟʘʥʳ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʛʠʜʨʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʆɺʇ ʧʦʜʟʝʤ-

ʥʳʭ ʚʦʜ. ʆʥʠ ʣʠʙʦ ʩʦʚʧʘʜʘʶʪ ʧʦ ʚʨʝʤʝʥʠ ʩ 

ʧʝʨʝʩʪʨʦʡʢʦʡ, ʣʠʙʦ ʧʨʦʠʩʭʦʜʷʪ ʚ ʩʝʨʝʜʠʥʝ 

ʤʝʞʜʫ ʧʝʨʝʩʪʨʦʡʢʘʤʠ (ʈʘʩʩʢʘʟʦʚ ʠ ʜʨ., 2023; 

Rasskazov et al., 2024). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʚʳʷʚ-

ʣʝʥʠʝ ʧʨʠʙʣʠʞʘʶʱʝʛʦʩʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʟʘ-

ʪʨʫʜʥʝʥʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢ-

ʪʠʚʥʳʤ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚʳʩʪʨʘʠʚʘ-

ʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ: ʆɺʇ ʧʝʨʝʩʪʨʦʡʢʠ ʩ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ Ÿ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʙʝʟ ʧʝʨʝ-

ʩʪʨʦʡʢʠ (ʠʣʠ ʩʦ ʩʣʘʙʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʆɺʇ), 

ʦʙʦʟʥʘʯʘʶʱʝʝ ʩʝʨʝʜʠʥʫ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʧʝ-

ʨʝʩʪʨʦʡʢʘʤʠ Ÿ ʦʪʩʯʝʪ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʠʥ-

ʪʝʨʚʘʣʘ ʤʝʞʜʫ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʩ ʦʧʨʝʜʝʣʝ-

ʥʠʝʤ ʚʨʝʤʝʥʠ ʢʦʥʝʯʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʩ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʝʤ. 

ʅʘ ʛʨʘʬʠʢʘʭ ʩʪʘʥʮʠʡ 9 ʠ 184 ʚ ʩʦʦʪʥʦʰʝ-

ʥʠʠ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʵʥʝʨʛʝ-

ʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ=11.2ï12.9) ʚʦ ʚʨʝʤʝʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ ʩ 23 ʘʧʨʝʣʷ ʜʦ 10 ʠʶʣʷ ʷʚʥʦʛʦ ʩʦ-

ʛʣʘʩʦʚʘʥʠʷ ʤʘʢʩʠʤʫʤʦʚ ʠ ʤʠʥʠʤʫʤʦʚ ʆɺʇ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺʝʩʴʤʘ ʦʪ-

ʯʝʪʣʠʚʦ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʦʛʣʘʩʦʚʘʥʠʝ 

ʧʨʦʛʠʙʦʚ 28 ʠʶʥʷ ï 04 ʠʶʣʷ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ɿʘʙʘʡʢʘʣʴʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝʥʠʶ 02 

ʠʶʣʷ. ʕʪʦ ʟʝʤʣʝʪʨʷʩʝʥʠʝ ʠʛʨʘʝʪ ʨʦʣʴ ʛʣʘʚ-

ʥʦʛʦ ʩʦʙʳʪʠʷ (ʂ=11.5), ʧʨʦʷʚʠʚʰʝʛʦʩʷ ʥʘ ʚʦ-

ʩʪʦʢʝ ɹʈʉ ʚʦ ʚʨʝʤʷ ʠʤʧʫʣʴʩʘ ʨʘʩʪʷʞʝʥʠʷ 

ʗɹɻʂ (ʨʠʩ. 30). 
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ʈʠʩ. 30. ɼʠʘʛʨʘʤʤʘ ʚʘʨʠʘʮʠʡ ʆɺʇ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ 23 ʘʧʨʝʣʷ ʜʦ 10 ʠʶʣʷ ʚ ʧʦʜ-

ʟʝʤʥʳʭ ʚʦʜʘʭ ʩʢʚʘʞʠʥ ʩʪ. 9 (ʘ) ʠ ʩʪ. 184 (ʙ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ ʧʦʚʳʰʝʥʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ (ʂ=11.2ï12.9). ʇʦʢʘʟʘʥ ʠʥʪʝʨʚʘʣ ʧʝʨʝʩʪʨʦʡʢʠ ʤʝʞʜʫ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʠʤ-

ʧʫʣʴʩʘʤʠ ɸʀ ʠ ʀɸ ʩ 12 ʜʦ 17 ʠʶʥʷ 2025 ʛ. ʌʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʘʶʪʩʷ ʩʦʙʳʪʠʷ ʟʘʧʘʜʘ, 

ʢʨʘʩʥʳʤ ʮʚʝʪʦʤ ï ʩʦʙʳʪʠʷ ʚʦʩʪʦʢʘ, ʨʦʟʦʚʳʤ ʮʚʝʪʦʤ ï ʩʦʙʳʪʠʷ ʮʝʥʪʨʘ ɹʈʉ. 

Fig. 30. Diagram of real-time variations in ORP from April 23 to July 10 in groundwater at wells st. 9 

(a) and st. 184 (ʙ) in relation to elevated-energy earthquakes (K=11.2ï12.9). The interval of readjust-

ment between the AJ and JA seismic pulses from June 12 to 17, 2025, is shown. Events in the west are 

shown in purple, those in the east are shown in red, and events in the BRS center are shown in pink. 

ɺʦ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩ 28 ʠʶʥʷ ʜʦ 26 
ʠʶʣʷ ʦʙʦʟʥʘʯʘʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ, 
ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ɿʘʙʘʡʢʘʣʴʩʢʠʤ ʟʝʤʣʝʪʨʷ-
ʩʝʥʠʝʤ ʧʦʚʳʰʝʥʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʣʘʩʩʘ 
(ʂ = 11.5). ʕʪʘ ʧʝʨʝʩʪʨʦʡʢʘ ʚʳʨʘʞʘʝʪʩʷ: 1) ʚ 
ʩʦʛʣʘʩʦʚʘʥʥʦʤ ʩʥʠʞʝʥʠʠ ʆɺʇ ʧʦʜʟʝʤʥʳʭ 
ʚʦʜ ʜʚʫʭ ʩʪʘʥʮʠʡ ʠ 2) ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʭʦʜʝ 
ʩʪ. 184 ʥʘ ʨʝʞʠʤ ʝʜʠʥʦʦʙʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ 
ʆɺʇ ʚ ʚʝʨʭʥʝʤ ʧʨʝʜʝʣʝ. ɹʘʛʜʘʨʠʥʩʢʦʝ 

ʟʝʤʣʝʪʨʷʩʝʥʠʝ 20 ʠʶʣʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʵʥʝʨ-
ʛʝʪʠʯʝʩʢʠʤ ʢʣʘʩʩʦʤ (ʂ = 12.9), ʥʘ ʧʝʨʚʳʡ 
ʚʟʛʣʷʜ, ʥʝ ʠʤʝʝʪ ʷʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʝʨʝ-
ʩʪʨʦʡʢʠ ʆɺʇ. ɹʘʛʜʘʨʠʥʩʢʦʤʫ ʟʝʤʣʝʪʨʷʩʝ-
ʥʠʶ ʦʪʚʦʜʠʪʩʷ ʨʦʣʴ ʩʨʝʜʠʥʥʦʛʦ ʩʦʙʳʪʠʷ 
ʤʝʞʜʫ ʧʝʨʝʩʪʨʦʡʢʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʨʝʤʷ ʢʦʥʝʯʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ 
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʩ ʟʝʤʣʝʪʨʷʩʝʥʠʝʤ 
08 ʘʚʛʫʩʪʘ 2025 ʛ. (ʨʠʩ. 31). 

 


















































































































































































































