
1 

ʊʝʤʘ: ʇʘʣʝʦʝʢʦʣʦʛʽ̫  ʆʨʜʦʚʠʮʴʢʦʛʦ ʧʝʨ̔ʦʜʘ (488 ï 443 ʤʣʥ.ʨ.ʪ.) 

 

ʆʨʜʦʚʠʮʴʢʠʡ ʧʝʨʽʦʜ ʥʘʟʚʘʥʠʡ ʧʦ ʽʤʝʥʽ ʜʘʚʥʴʦʛʦ ʧʣʝʤʝʥʽ ʦʨʜʦʚʠʢʽʚ, ʱʦ ʤʝʰʢʘʣʠ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʝʣʴʩʫ, ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ.   

 

ʉʪʨʘʪʠʛʨʘʬʽ̫  ʆʨʜʦʚʠʮʴʢʦʛʦ ʧʝʨ̔ʦʜʘ (ʟʘ Palaeos.com). 
ʇʝʨ̔ʦʜ: ɽʧʦʭʘ: ʗʨʫʩ: ʊʨʠʚʘʣʽʩʪʴ: 

ʉʠʣʫʨʽʡʩʴʢʠʡ ʃʣʝʥʜʦʚʝʨʽ 

(Llandovery) 

ʈʫʜʘʥʡ̔ 

(Rhuddanian) 

443,7 ï 439 ʤʣʥ.ʨ.ʪ. 

ʆʨʜʦʚʠʮɹʢʠʡ ʇ̔ʟʥ̔ʡ ʆʨʜʦʚʠʢ ʍ̔ʨʥʘʥʪʡ̔ 

(Hirnantian) 

445,6 ï 443,7 ʤʣʥ.ʨ.ʪ. 

ʂʘʪ̔ʡ 

(Katian) 

455,8 ï 445,6 ʤʣʥ.ʨ.ʪ. 

ʉʘʥʜʙʡ̔ 

(Sandbian) 

460,9 ï 455,8 ʤʣʥ.ʨ.ʪ. 

ʉʝʨʝʜʥ̔ʡ ʆʨʜʦʚʠʢ ɼʘʨʠʚʣ̔̔ʡ 

(Darriwilian) 

468,1 ï 460,9 ʤʣʥ.ʨ.ʪ. 

ɼʘʧ̔ʥʛ̔ʡ 

(Dapingian) 

471,8 ï 468,1 ʤʣʥ.ʨ.ʪ. 

ʈʘʥʥʡ̔ ʆʨʜʦʚʠʢ ʌʣʦ̔ʡ 

(Floian) 

478,6 ï 471,8 ʤʣʥ.ʨ.ʪ. 

ʊʨʝʤʘʜʦʢ 

(Tremadoc) 

488 ï 478,6 ʤʣʥ.ʨ.ʪ. 

ʂʝʤʙʨʽʡʩʴʢʠʡ ʌʫʨʦʥʛʽʡ 

(499 ï 488 ʤʣʥ.ʨ.ʪ.) 

ɼʦʣʛʝʣʽʡ 

(Dolgellian) 

492 ï 488 ʤʣʥ.ʨ.ʪ. 

 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʚ̔ ʚ ʆʨʜʦʚʠʢʫ (ʟʘ Palaeos.com) 

 

ʂʘʨʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʽʚ ʚ ʆʨʜʦʚʠʢʫ, ʩʪʚʦʨʝʥʽ ʨʽʟʥʠʤʠ ʜʦʩʣʽʜʥʠʮʴʢʠʤʠ 

ʛʨʫʧʘʤʠ, ʻ ʜʦʩʠʪʴ ʩʫʧʝʨʝʯʣʠʚʠʤʠ. 

________________________________________________________________________________ 
*ʐʠʨʦʪʫ ʤʽʩʮʝʚʦʩʪʽ ʽ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʽʚ ʤʦʞʣʠʚʦ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʟʘ 

ʧʘʣʝʦʤʘʛʥʽʪʥʠʤʠ ʜʘʥʠʤʠ. ʇʨʦʪʝ, ʜʦʚʛʦʪʫ ʚʩʪʘʥʦʚʣʶʶʪʴ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʰʘʨʽʚ ʛʽʨʩʴʢʠʭ ʧʦʨʽʜ, 

ʧʦʜʽʙʥʠʭ ʫ ʩʫʩʽʜʥʽʭ ʢʦʥʪʠʥʝʥʪʽʚ (ʫ ʩʪʘʪʪʽ Dalziel, 2005 ʦʧʠʩʘʥʘ ʤʝʪʦʜʠʢʘ ʪʘʢʠʭ ʧʦʙʫʜʦʚ). ɸʣʝ, ʷʢʱʦ 

ʢʦʥʪʠʥʝʥʪʠ ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʦʢʝʘʥʦʤ - ʪʘʢʠʡ ʘʥʘʣʽʟ ʥʽʯʦʛʦ ʥʝ ʜʘʻ. ɼʣʷ ʢʦʥʪʠʥʝʥʪʽʚ ʙʽʣʷ ʝʢʚʘʪʦʨʘ - 

ʥʘʚʽʪʴ ʭʦʨʦʰʽ ʧʘʣʝʦʤʘʛʥʽʪʥ ̔ʜʘʥʽ ʤʦʞʫʪʴ ʜʘʪʠ ʧʦʤʠʣʢʫ ʙʝʟ ʟʥʘʥʥʷ ʦʨʽʻʥʪʘʮʽʾ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʽ ʫ 

ʚʽʜʧʦʚʽʜʥʫ ʝʧʦʭʫ (ʪʦʙʪʦ ʙʝʟ ʟʥʘʥʥʷ, ʜʝ ʙʫʣʠ ʨʦʟʪʘʰʦʚʘʥʽ ʇʽʚʜʝʥʥʠʡ ʽ ʇʽʚʥʽʯʥʠʡ ʤʘʛʥʽʪʥʽ ʧʦʣʶʩʠ) (ʟʘ 

Palaeos.com). 

________________________________________________________________________________ 

 

ɺ ʨʘʥʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʇʽʚʜʝʥʥʘ ɭʚʨʦʧʘ, ɸʬʨʠʢʘ, ɯʥʜʽʷ, ʇʽʚʜʝʥʥʘ ɸʤʝʨʠʢʘ, 

ɸʥʪʘʨʢʪʠʜʘ ʽ ɸʚʩʪʨʘʣʽʷ ʚʭʦʜʠʣʠ ʜʦ ʩʢʣʘʜʫ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʫ ɻʦʥʜʚʘʥʘ, ʷʢʠʡ ʨʫʭʘʚʩʷ ʚʥʠʟ ʜʦ 

ʇʽʚʜʝʥʥʦʛʦ ʧʦʣʶʩʫ. ʇʽʚʥʽʯʥʘ ɸʤʝʨʠʢʘ ʨʦʟʪʘʰʦʚʫʚʘʣʘʩ ɹ ʥʘ ʝʢʚʘʪʦʨʽ ʽ ʙʫʣʘ ʥʘ 45
0
 ʟʘ 

ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʨʦʟʚʝʨʥʝʥʘ ʧʦʨʽʚʥʷʥʦ ʟ ʾʾ ʩʴʦʛʦʜʥʽʰʥʴʦ ʁʦʨʽʻʥʪʘʮʽʻʶ. ɿʘʭʽʜʥʘ ʽ 

ʎʝʥʪʨʘʣʴʥʘ ɭʚʨʦʧʘ ʙʫʣʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʨʝʰʪʠ ʯʘʩʪʠʥʠ ɭʚʨʘʟʽʾ ʪʘ ʙʫʣʠ ʨʦʟʚʝʨʥʝʥʽ ʥʘ 90
0
 

ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʾʭ ʩʴʦʛʦʜʥʽʰʥʴʦ ʁʦʨʽʻʥʪʘʮʽʻʶ ʽ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩ ɹʚ 

ʇʽʚʜʝʥʥʠʭ ʪʨʦʧʽʢʘʭ. 

ʇʽʚʥʯ̔ʥʘ ɸʤʝʨʠʢʘ ʧʦʚʽʣʴʥʦ ʟ'ʻʜʥʫʚʘʣʘʩʴ ʟ ʤʽʢʨʦʢʦʥʪʠʥʝʥʪʦʤ ɹʘʣʪʠʢʦ  ʁ(ɹʘʣʪʠʢʘ - ʮʝ 

ʦʩʥʦʚʘ ʤʘʡʙʫʪʥʴʦʾ ɭʚʨʦʧʠ). ʆʢʝʘʥ ʗʧʝʪʫʩ ʧʨʦʜʦʚʞʫʚʘʚ ʟʚʫʞʫʚʘʪʠʩ ɹʚʥʘʩʣʽʜʦʢ ʩʭʦʜʞʝʥʥʷ 

ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ ʪʘ ɹʘʣʪʠʢʠ.  

ɺ ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʉʠʙʽʨ, ɻʨʝʥʣʘʥʜʽʷ, ʂʘʟʘʭʩʪʘʥ ʥʝ ʢʦʥʪʘʢʪʫʚʘʣʠ ʥʽ ʟ ʷʢʠʤʠ 

ʽʥʰʠʤʠ ʢʦʥʪʠʥʝʥʪʘʤʠ. ɻʦʥʜʚʘʥʘ ʟʤʽʩʪʠʣʘʩʴ ʜʦ ʇʽʚʜʝʥʥʦʛʦ ʧʦʣʶʩʫ (ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʚʽʥ 

ʩʧʽʚʧʘʜʘʚ ʽʟ ʩʫʯʘʩʥʦʶ ɿʘʭʽʜʥʦʶ ɸʬʨʠʢʦʶ). ɿʘ ʦʜʥʠʤʠ ʜʘʥʠʤʠ - ʚ ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʥʘ 

ʇʽʚʜʝʥʥʦʤʫ ʧʦʣʶʩʽ ʚʞʝ ʙʫʣʘ ʢʨʠʞʘʥʘ ʰʘʧʢʘ. ɸ ʟʘ ʽʥʰʠʤʠ ʜʘʥʠʤʠ - ʪʘʢʦ ʾʰʘʧʢʠ ʥʝ ʙʫʣʦ. 

ʂʨʽʤ ʪʦʛʦ, ʟʘ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ - ʉʠʙʽʨ ʧʝʨʝʙʫʚʘʣʘ ʥʘ ʧʽʚʜʥʽ ʚʽʜ ʝʢʚʘʪʦʨʘ (ʪʦʜʽ ʷʢ ʟʘ 

ʧʦʧʝʨʝʜʥʽʤʠ ʢʘʨʪʘʤʠ - ʥʘ ʧʽʚʥʽʯ ʚʽʜ ʝʢʚʘʪʦʨʘ) ʽ ʥʘ ʟʘʭʽʜ ʚʽʜ ɹʘʣʪʠʢʠ.  

http://palaeos.com/paleozoic/cambrian/dolgellian.htm
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ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʚ̔ ʚ ʨʘʥʥʴʦʤʫ ʆʨʜʦʚʠʢʫ (ʮʠʪʦʚʘʥʦ ʟʘ Palaeos.com). 

 

ʄʘʪʝʨʠʢ ɹʘʣʪʠʢʘ ʩʢʣʘʜʘʚʩʷ ʟʽ ʉʢʘʥʜʠʥʘʚʽ ʾ  ̔ɭʚʨʦʧʝʡʩʴʢʦ ʾʯʘʩʪʠʥʠ ʈʦʩʽ.ʾ ʇʨʦʪʷʛʦʤ 

ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʇʨʦʪʝʨʦʟʦʶ ɹʘʣʪʠʢʘ ʜʨʝʡʬʫʚʘʣʘ ʚ ʟʘʭʽʜʥʦ - ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʋ ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʥʘ ʧʽʚʜʥʽ ɹʘʣʪʠʢʘ ʟʽʪʢʥʫʣʘʩ ɹʟ ʢʘʤ'ʷʥʦʶ ʩʪʽʥʢʦʶ ʥʝ ʜʘʣʝʢʦ ʚʽʜ 

ɻʦʥʜʚʘʥʠ. ʎʝ ʟʽʪʢʥʝʥʥʷ ʟʤʽʥʠʣʦ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ɹʘʣʪʠʢʠ ʥʘ ʧʽʚʥʽʯʥʦ - ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʝ ʽ 

ʨʦʟʚʝʨʥʫʣʦ ɹʘʣʪʠʢʫ ʥʘ 55
0
 ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ʈʦʟʚʝʨʥʝʥʥʷ ʪʘ ʧʝʨʝʥʘʧʨʘʚʣʝʥʥʷ 

ʨʫʭʫ ʩʧʨʠʷʣʠ ʪʦʤʫ, ʱʦ ɹʘʣʪʠʢʘ ʧʦʯʘʣʘ ʨʫʭʘʪʠʩ ɹʥʘ ʟʙʣʠʞʝʥʥʷ ʟ ʃʘʚʨʝʥʪʽʻ  ʁ(ʇʽʚʥʽʯʥʦʶ 

ɸʤʝʨʠʢʦʶ). 

ʋ ɼʘʧʽʥʛʽ ʾ(ʩʝʨʝʜʥʡ̔ ʆʨʜʦʚʠʢ, 472ï468 ʤʣʥ.ʨ.ʪ.), ʥʘ ʟʘʭʦʜ̔  ʚʽʜ ɹʘʣʪʠʢʠ, ʚʽʜ ʧʽʚʥʽʯʥʦʛʦ 

ʢʨʘʶ ɻʦʥʜʚʘʥʠ ʚʽʜʦʢʨʝʤʠʚʩʷ ʤʽʢʨʦʢʦʥʪʠʥʝʥʪ ɸʚʘʣʦʥʽʷ ʽ ʧʦʯʘʚ ʨʫʭʘʪʠʩ ɹʥʘ ʧʽʚʥʽʯ. ɿʛʦʜʦʤ, 

ɸʚʘʣʦʥʽʷ ʧʨʠʻʜʥʘʣʘʩ ɹʜʦ ʩʭʽʜʥʦʛʦ ʫʟʙʝʨʝʞʞʷ ʃʘʚʨʝʥʪʽ ʾʽ ʜʦ ʧʽʚʜʝʥʥʦʛʦ ʫʟʙʝʨʝʞʞʷ ɹʘʣʪʠʢʠ, 

ʩʬʦʨʤʫʚʘʚʰʠ ʪ.ʟʚ. ʄʘʨʽʪʠʤʩɹʢʫ ʧʨʦʚʽʥʮʽʶ ʂʘʥʘʜʠ, ʅʴʶʬʘʫʥʜʣʝʥʜ, ʧʽʚʜʝʥʥʠʡ ʩʭʽʜ ɯʨʣʘʥʜʽʾ, 

ʧʽʚʜʝʥʴ ɹʨʠʪʘʥʽʾ ʪʘ ʯʘʩʪʠʥʫ ɭʚʨʦʧʠ, ʱʦ ʦʪʦʯʫʻ ʩʫʯʘʩʥʫ ɹʝʣʴʛʽʶ. 

ʄʽʞ ɿʘʭʽʜʥʦʶ ɸʚʘʣʦʥʽʻʶ ʪʘ ʃʘʚʨʝʥʪʽʻʶ ʧʦʚʽʣʴʥʦ ʟʘʢʨʠʚʘʚʩʷ ʦʢʝʘʥ ʗʧʝʪʫʩ. ʋ ʪʦʡ ʯʘʩ, 

ʢʦʣʠ ʚʽʜʧʦʚʽʜʥʽ ʚʦʜʠ ʤʽʞ ʉʭʽʜʥʦʶ ɸʚʘʣʦʥʽʻʶ ʽ ɹʘʣʪʠʢʦʶ ʬʦʨʤʫʚʘʣʠ ʊʦʨʥʢʚʽʡʩʢɹʠʡ ʦʢʝʘʥ 

(Tornquist Ocean), ʥʦʚʠʡ ʙʘʩʝʡʥ ʤʽʞ ɸʚʘʣʦʥʽʻʶ ʽ ɻʦʥʜʚʘʥʦʶ - ʩʪʘʚ ʈʝʡʩʢɹʠʤ ʦʢʝʘʥʦʤ. 

ʃʘʚʨʝʥʪʽʷ, ʉʠʙʽʨ, ʎʝʥʪʨʘʣʴʥʘ ʽ ʇʽʚʥʽʯʥʘ ɸʟʽʷ - ʜʨʝʡʬʫʚʘʣʠ ʥʘ ʧʽʚʥʽʯ ʚ ʨʘʡʦʥ ʝʢʚʘʪʦʨʘ. 

ɸʣʝ, ʚ ɼʘʧʽʥʛʽ ʾʮʽ ʢʦʥʪʠʥʝʥʪʠ ʥʝ ʧʨʦʩʫʥʫʣʠʩ ɹʟʥʘʯʥʦ ʥʘ ʧʽʚʥʽʯ (ʢʨʽʤ ʄʦʥʛʦʣʽʾ). ʇʽʚʜʝʥʥʠʡ 

ʧʦʣʶʩ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ɸʣʞʠʨʫ. ʇʨʠ ʮʴʦʤʫ ʢʨʘʪʦʥʠ ɻʦʥʜʚʘʥʠ - ʇ̔ ʚʜʝʥʥʘ ɸʤʝʨʠʢʘ, 

ɸʬʨʠʢʘ, ɸʨʘʙʽʷ ʪʘ ɯʥʜʽʷ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩ ɹʥʘ ʧʽʚʥʽʯ ʟ ʧʨʦʪʠʣʝʞʥʦʛʦ ʙʦʢʫ ɿʝʤʣʽ ʚʽʜ ʃʘʚʨʝʥʪʽ,ʾ 

ɸʚʘʣʦʥ̔ ʾ ʽ ɹʘʣʪʠʢʠ. 

ʋ ʩʝʨʝʜʠʥʽ ʆʨʜʦʚʠʢʘ ʧʦʯʘʣʦʩ ɹ ʧʽʜʥʷʪʪʷ ʧʽʚʥʽʯʥʦ-ʘʤʝʨʠʢʘʥʩʴʢʠʭ ɸʧʧʘʣʘʯʽʚ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʧʦʚʟʘʥʥʷ (ʩʫʙʜʫʢʮʽʾ) ʦʢʝʘʥʽʯʥʦʾ ʧʣʠʪʠ ʩʪʘʨʦʜʘʚʥʴʦʛʦ ʦʢʝʘʥʫ ʗʧʝʪʫʩ ʧʽʜ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʫ ʧʣʠʪʫ ʃʘʚʨʝʥʪʽ ʾ (ʩʫʯʘʩʥʦʾ ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ). ʆʜʥʦʯʘʩʥʦ ʫʟʜʦʚʞ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʨʘʶ ʟʦʥʠ ʩʫʙʜʫʢʮʽʾ ʧʽʜʥʷʣʠʩʷ ʧʦʪʫʞʥʽ ʚʫʣʢʘʥʠ. *NB! ɿʘʚʝʨʰʠʚʩʷ ʧʽʜʡʦʤ 

ɸʧʧʘʣʘʯʽʚ ʪʽʣʴʢʠ ʚ ʇʝʨʤʩʴʢʦʤʫ ʧʝʨʽʦʜʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʥʷ ʇ̔ ʚʥʽʯʥʦ-ɸʤʝʨʠʢʘʥʩʴʢʦʾ ʽ 

ɸʬʨʠʢʘʥʩʴʢʦʾ ʧʣʠʪ ʚ ʭʦʜʽ ʬʦʨʤʫʚʘʥʥʷ ʩʫʧʝʨʤʘʪʝʨʠʢʘ ʇʘʥʛʝʾ II (Geologic, 2010). 
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ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʚ̔ ʚ ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ, ʧʨʠʙʣʠʟʥʦ 458 ʤʣʥ.ʨ.ʪ. 

(ʟʘ http://www.rainer-olzem.de/fileadmin/_processed_/csm_458_66f1fc2b54.jpg). 

 

ɺ ʧʽʟʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʚʽʜʙʫʣʘʩʴ ʛʨʘʥʜ ʢʦʣʽʟʽʷ ʢʦʥʪʠʥʝʥʪʽʚ: ɹʘʣʪʠʢʘ ʟʽʪʢʥʫʣʘʩ ɹ ʟ 

ɸʚʘʣʦʥʽʻʶ. ɸʚʘʣʦʥʽʷ ʷʚʣʷʣʘ ʩʦʙʦʶ ʣʘʥʮʶʛ ʪʝʨʠʪʦʨʽʡ, ʷʢʽ ʚʽʜʦʢʨʝʤʠʣʠʩ ɹʚʽʜ ɻʦʥʜʚʘʥʠ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ. ʈʫʭ ɸʚʘʣʦʥʽʾ ʟʘʢʨʠʚ ʦʢʝʘʥ ʗʧʝʪʫʩ ʽ ʊʦʨʥʢʚʽʡʩʴʢʠʡ ʦʢʝʘʥ (Tornquist 

Ocean). ʎʝ ʟʘʧʫʩʪʠʣʦ ʂʘʣʝʜʦʥʩʢɹʫ ʦʨʦʛʝʥʽʶ ʥʘ ʧʽʚʥʦʯʽ ɸʥʛʣʽʾ. 

ʇʽʚʥʽʯʥʘ ʯʘʩʪʠʥʘ ʦʢʝʘʥʘ ʗʧʝʪʫʩ ʤʽʞ ɹʘʣʪʠʢʦʶ ʽ ʃʘʚʨʝʥʪʽʻ ʁʟʘʢʨʠʣʘʩ ɹʥʘʧʨʠʢʽʥʮʽ 

ʧʽʟʥʴʦʛʦ ʆʨʜʦʚʠʢʫ. ʎʝ ʧʦʩʠʣʠʣʦ ɸʢʘʜʩʢɹʫ ʦʨʦʛʝʥʽ ʁ(Acadian Orogeny). ʋ ʮʝʡ ʯʘʩ ʧʦʯʘʣʠ 

ʬʦʨʤʫʚʘʪʠʩ ɹʇʦʣʴʱʘ, ɼʝʥʤʘʨʢ, ʅʽʤʝʯʯʠʥʘ. 

ʂʦʣʽʟʽʷ ʤʽʞ ʟʘʭʽʜʥʦʶ ɸʚʘʣʦʥʽʻʶ  ̔ʃʘʚʨʝʥʪʽʻ  ʁʪʘ ʧʨʠʻʜʥʘʥʥʷ ʽʥʰʠʭ ʙʣʦʢʽʚ ɻʦʥʜʚʘʥʠ - 

ʧʨʦʜʦʚʞʠʣʦ ʂʘʣʝʜʦʥʩʢɹʽ ʧʦʜʽʾ ʚ ʨʘʥʥʴʦʤʫ ɼʝʚʦʥ.̔ ɼʝʷʢʽ ʟ ʮʠʭ ʥʝ-ɸʚʘʣʦʥʩʢɹʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʬʦʨʤʫʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʫʯʘʩʥʦʾ ɭʚʨʦʧʠ. ʏʘʩʪʠʥʘ ʪʘʢʠʭ ʬʨʘʛʤʝʥʪʽʚ ï ʟʦʢʨʝʤʘ, ɸʨʤʦʨʢ̔ʘ, -

ʪʘʢʦʞ ʚʽʜʢʦʣʦʣʠʩɹ ʚʽʜ ɻʦʥʜʚʘʥʠ ʱʝ ʚ ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʽ ʧʨʠʻʜʥʘʣʠʩɹ ʜʦ ɹʘʣʪʠʢʠ ʩʣʽʜʦʤ 

ʟʘ ɸʚʘʣʦʥʽʻ.ʁ ɸʨʤʦʨʢ̔ʘ ʚʢʣʶʯʘʻ ʯʘʩʪʠʥʠ ɯʩʧʘʥʽʾ, ʌʨʘʥʮʽʾ, ʅʽʤʝʯʯʠʥʠ, ɹʦʛʝʤʽʾ, ɹʦʩʥʽʾ ʪʘ 

ʽʥʰʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ. 

ʅʘ ʧʽʚʜʝʥʴ ʚʽʜ ʃʘʚʨʝʥʪʽ ʾ - ʨʦʟʪʘʰʦʚʫʚʘʣʦʩ ɹ ʧʽʚʜʝʥʥʝ ɸʤʝʨʠʢʘʥʩʴʢʝ ʫʟʙʝʨʝʞʞ ̫

ɻʦʥʜʚʘʥʠ. ʆʢʝʘʥʽʯʥʘ ʩʤʫʛʘ ʤʽʞ ʃʘʚʨʝʥʪʽʻ  ʁʽ ʇʽʚʜʝʥʥʦʶ ɸʤʝʨʠʢʦʶ ʙʫʣʘ ʚʫʟʴʢʦʶ, ʘ ʜʝʷʢʽ 

ʛʝʦʣʦʛʠ ʥʘʚʽʪʴ ʚʚʘʞʘʶʪʴ, ʱʦ ʮʽ ʢʦʥʪʠʥʝʥʪʠ ʢʦʥʪʘʢʪʫʚʘʣʠ ʚ ʨʘʥʥʴʦʤʫ ʆʨʜʦʚʠʢʫ. ʇʽʚʜʝʥʥʠʡ 

ʧʦʣʶʩ ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʫʯʘʩʥʦʾ ʉʘʭʘʨʠ. 

ʋ ʂʘʪʽ ʾ(ʧʽʟʥʽʡ ʆʨʜʦʚʠʢ, 456-446 ʤʣʥ.ʨ.ʪ.) ʚʽʜʙʫʣʦʩ ɹʟʽʪʢʥʝʥʥʷ ɸʚʘʣʦʥʽ,ʾ ɹʘʣʪʠʢʠ ʪʘ 

ʃʘʚʨʝʥʪʽʾ. ʅʘ ʤʽʩʮʽ ʦʢʝʘʥʫ ʗʧʝʪʫʩ ʧʽʜʥʷʣʠʩ ɹʛʦʨʠ. ɿʘʣʠʰʢʠ ʮʠʭ ʛʽʨ ʩʴʦʛʦʜʥʽ ʤʦʞʣʠʚʦ ʟʥʘʡʪʠ 

ʚ ɻʨʝʥʣʘʥʜʽʾ, ʅʦʨʚʝʛʽʾ, ʐʦʪʣʘʥʜʽʾ, ɯʨʣʘʥʜʽʾ ʪʘ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ ʇʽʚʥʽʯʥʦʾ ɸʤʝʨʠʢʠ. 

ʐʦʪʣʘʥʜʽʷ ʽ ɸʥʛʣʽʷ ʙʫʣʠ ʟ'ʻʜʥʘʥʽ ʚ ʦʢʨʝʤʠʡ ʤʘʩʠʚ. 

ɺ ʆʨʜʦʚʠʢʫ ʪʨʠʚʘʚ ʂʘʣʝʜʦʥʩʢɹʠʡ ʮʠʢʣ ʩʢʣʘʜʯʘʩʪʦʩʪʽ, ʷʢʠʡ ʨʦʟʧʦʯʘʚʩʷ ʚ 

ʂʝʤʙʨʽʡʩʴʢʦʤʫ ʧʝʨʽʦʜ.̔ ʅʘ ʧʦʯʘʪʢʫ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩ ɹ ʧʦʩʠʣʝʥʥʷ ʚʫʣʢʘʥʽʟʤʫ, ʷʢʠʡ 

ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʟʥʘʯʥʠʤʠ ʚʠʢʠʜʘʤʠ ʚʫʣʢʘʥʽʯʥʠʭ ʛʘʟʽʚ. ʆʜʥʘʢ, ʩʝʨʝʜ ʮʠʭ ʛʘʟʽʚ - ʯʘʩʪʢʘ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʦʯʝʚʠʜʥʦ, ʙʫʣʘ ʥʝ ʟʥʘʯʥʦʶ, ʦʩʢʽʣʴʢʠ ʥʘ ʢʨʠʚʠʭ ʨʽʚʥʷ ʉʆ2 ʚ ʮʝʡ ʧʝʨʽʦʜ ʥʝ 

ʨʝʻʩʪʨʫʻʪʴʩʷ ʟʥʘʯʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʘʥʦʛʦ ʧʘʨʥʠʢʦʚʦʛʦ ʛʘʟʫ. 

http://www.rainer-olzem.de/fileadmin/_processed_/csm_458_66f1fc2b54.jpg
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ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʽʚ ʚ ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ï ʨʘʥʥʴʦʤʫ ʉʠʣʫʨʽ (ʟʘ Mac Niocaill et al., 1997). 

 

ʈʽʚʝʥʴ ʤʦʨʷ ʚ ʆʨʜʦʚʠʢʫ 

ɺʫʣʢʘʥʦʛʝʥʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʘʪʤʦʩʬʝʨʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʨʽʚ ʚʦʜʠ ʧʽʩʣʷ ʾʭ 

ʢʦʥʜʝʥʩʘʮʽʾ ʽ ʦʩʘʜʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʦʧʘʜʽʚ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʜʘʣʴʰʦʛʦ ʧʽʜʡʦʤʫ ʨʽʚʥʷ ʚʦʜʠ: 

ʪʨʘʥʩʛʨʝʩʽʷ ʤʦʨʷ ʩʪʘʥʦʚʠʣʘ +20% ʧʦʨʽʚʥʷʥʦ ʟ ʨʽʚʥʝʤ ʚʦʜʠ ʚ ʉʚʽʪʦʚʦʤʫ ʦʢʝʘʥʽ ʥʘʧʨʠʢʽʥʮʽ 

ʂʝʤʙʨʽʡʩʴʢʦʛʦ ʧʝʨʽʦʜʫ, ʱʦ ʩʧʨʠʷʣʦ ʬʦʨʤʫʚʘʥʥʶ ʥʘ ʩʫʰʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʣʢʦʚʦʜʥʠʭ 

ʤʦʨʽʚ, ʚ ʷʢʠʭ ʽʥʪʝʥʩʠʚʥʦ ʨʦʟʚʠʚʘʣʠʩ ɹʞʠʚʽ ʦʨʛʘʥʽʟʤʠ. 

________________________________________________________________________________ 
 

*ʌʣʦ̔ʡ (ʨʘʥʥʽʡ ʆʨʜʦʚʠʢ, 479-472 ʤʣʥ.ʨ.ʪ.) ʨʦʟʧʦʯʘʚʩʷ ʟʽ ʰʚʠʜʢʦʛʦ ʧʽʜʡʦʤʫ ʨʽʚʥʷ ʤʦʨʷ 

(ʤʦʨʩʴʢʘ ʪʨʘʥʩʛʨʝʩʽʷ) ʧʦ ʚʩʽʡ ɿʝʤʣʽ. ʎʷ ʤʦʨʩʴʢʘ ʪʨʘʥʩʛʨʝʩʽʷ ʙʫʣʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʩʠʣʴʥʦʶ ʥʝʛʘʪʠʚʥʦʶ 

ʝʢʩʢʫʨʩʽʻʶ ʽʟʦʪʦʧʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚʫʛʣʝʮʶ - ʥʘ 2 ʧʨʦʤʽʣʝ! - ʦɦʥʘʡʤʝʥʰʝ ʚ ʇʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ. 

NB! ɺ ʧʨʦʮʝʩʽ ʬʦʪʦʩʠʥʪʝʟʫ - ʨʦʩʣʠʥʠ ʽ ʙʘʢʪʝʨʽʾ ʧʝʨʝʚʘʞʥʦ ʚʢʣʶʯʘʶʪʴ ʜʦ ʩʚʦʾʭ ʙʽʦʭʽʤʽʯʥʠʭ 

ʮʠʢʣʽʚ ʣʝʛʢʠʡ ʽʟʦʪʦʧ ʚʫʛʣʝʮʶ-12. ʗʢʱʦ ʘʪʤʦʩʬʝʨʥʠʡ ʚʫʛʣʝʮʴ ʟʚ'ʷʟʘʥʠʡ ʚ ʦʨʛʘʥʽʯʥʽʡ ʨʝʯʦʚʠʥʽ, ʽ ʟ 

ʷʢʦʾʩʴ ʧʨʠʯʠʥʠ ʥʝ ʨʝʮʠʢʣʁ  ̒- ʚ ʘʪʤʦʩʬʝʨʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʚʘʞʢʠʡ ʽʟʦʪʦʧ ʚʫʛʣʝʮʶ-13. ɯ ʨʦʩʣʠʥʠ, ʷʢʽ 

ʞʠʚʫʪʴ ʚ ʪʘʢʫ ʝʧʦʭʫ - ʟʤʫʰʝʥʽ ʚʢʣʶʯʘʪʠ ʫ ʩʚʦʾ ʬʦʪʦʩʠʥʪʝʪʠʯʥ ̔ʨʝʘʢʮʽʾ ʚʘʞʢʠʡ ʽʟʦʪʦʧ ʚʫʛʣʝʮʶ-13. ʋ 

ʛʝʦʛʦʨʠʟʦʥʪʘʭ ʮʝ ʜʘʻ ʧʦʟʠʪʠʚʥʫ ʝʢʩʢʫʨʩʽʶ ʧʦʢʘʟʥʠʢʘ ʽʟʦʪʦʧʥʦʛʦ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʚʫʛʣʝʮʶ. ɸ 

ʥʝʛʘʪʠʚʥʘ ʝʢʩʢʫʨʩʽʷ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ - ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʙʘʛʘʪʦ ʟʙʝʨʝʞʝʥʦʛʦ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʫʛʣʝʮʶ-12 ʥʝʩʧʦʜʽʚʘʥʦ ʨʝʮʠʢʣʁ  ̒ʽ ʥʘʜʭʦʜʠʪʴ ʜʦ ʘʪʤʦʩʬʝʨʠ. 

ʏʦʤʫ ʥʘ ʧʦʯʘʪʢʫ ɸʨʝʥʽʛʽ ʁ(ʌʣʦʡʾ) ʤʘʣʘ ʤʽʩʮʝ ʥʝʛʘʪʠʚʥʘ ʝʢʩʢʫʨʩʽʷ ʧʦʢʘʟʥʠʢʘ ʽʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʚʫʛʣʝʮʶ? ɺʽʜʦʤʦ, ʱʦ ʧʨʠʨʦʜʥʽ ʚʠʢʠʜʠ ʤʝʪʘʥʫ ʜʘʶʪʴ ʜʫʞʝ ʣʝʛʢʠʡ ʽʟʦʪʦʧʥʠʡ ʩʢʣʘʜ 

ʚʫʛʣʝʮʶ. ɹʘʢʪʝʨʽʾ, ʷʢʽ ʭʘʨʯʫʶʪʴʩʷ ʤʝʪʘʥʦʤ, ʚʠʜʽʣʷʶʪʴ ʣʝʛʢʠʡ ʉʆ2 ʽ ʫ ʬʦʪʦʩʠʥʪʝʟʽ ʙʝʨʝ ʫʯʘʩʪʴ 

ʧʝʨʝʚʘʞʥʦ ʣʝʛʢʠʡ ʚʫʛʣʝʮʴ-12, ʪʦʤʫ ʚ ʩʝʜʠʤʝʥʪʘʭ ʜʘʥʦʾ ʝʧʦʭʠ - ʨʝʻʩʪʨʫʻʪʴʩʷ ʥʝʛʘʪʠʚʥʘ ʝʢʩʢʫʨʩʽʷ 

ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ. ɺʠʭʽʜ ʤʝʪʘʥʫ ʧʦʚ'ʷʟʘʥʠʡ ʟʽ ʩʧʨʝʜʠʥʛʦʤ ʦʢʝʘʥʽʯʥʦʛʦ ʜʥʘ. ʉʣʽʜ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ 

ʘʥʘʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʣʠʩ ɹʚ ɸʧʪ-̔ɸʣʴʙʽ ʂʨʝʡʜʷʥʦʛʦ ʧʝʨʽʦʜʫ (ʟʘ Palaeos.com). 

________________________________________________________________________________ 

 

ʅʘʧʨʠʢʽʥʮʽ ʨʘʥʥʴʦʛʦ ʆʨʜʦʚʠʢʘ ʨʽʚʝʥʴ ʤʦʨʷ ʨʽʟʢʦ ʟʥʠʟʠʚʩʷ. ɸʣʝ ʥʘʜʘʣʽ ʫ ʩʝʨʝʜʥʴʦʤʫ ï 

ʥʘ ʧʦʯʘʪʢʫ ʧʽʟʥʴʦʛʦ ʆʨʜʦʚʠʢʘ ʨʽʚʝʥʴ ʤʦʨʷ ʟʥʦʚʫ ʟʨʽʩ ʜʦ ʧʦʟʥʘʯʢʠ +200 ʤ ʧʦʨʽʚʥʷʥʦ ʟ 

ʩʫʯʘʩʥʠʤ ʨʽʚʥʝʤ ʽ ʤʘʡʞʝ ʥʘ +150 ʤ ʧʦʨʽʚʥʷʥʦ ʟ ʨʝʛʨʝʩʽʻʶ ʚ ʨʘʥʥʴʦʤʫ ʆʨʜʦʚʠʢʫ. ʇʨʠʯʠʥʦʶ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʩʦʢʦʛʦ ʚ ʇʘʣʝʦʟʦʡʩʴʢʽʡ ʝʨʽ ʩʪʦʷʥʥʷ ʦʢʝʘʥʫ ʚ ʆʨʜʦʚʽʢʫ ʙʫʚ ʽʥʪʝʥʩʠʚʥʠʡ 

ʩʧʨʝʜʠʥʛ ʦʢʝʘʥʽʯʥʦʛʦ ʜʥʘ ʽ ʥʘʜʭʦʜʞʝʥʥʷ ʝʥʜʦʛʝʥʥʦʾ ʚʦʜʠ ʚ ʤʝʛʘʮʠʢʣʘʭ ʝʚʩʪʘʪʠʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʨʽʚʥʷ ʤʦʨʷ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʢʚʘʟʽʮʠʢʣʘʤʠ ʟʙʠʨʘʥʥʷ-ʨʦʟʙʠʨʘʥʥʷ ʩʫʧʝʨʤʘʪʝʨʠʢʽʚ. 

ɿʦʢʨʝʤʘ, ʆʨʜʦʚʠʮʴʢʠʡ ʝʚʩʪʘʪʠʯʥʠʡ ʤʘʢʩʠʤʫʤ ʨʽʚʥʷ ʤʦʨʷ ʙʫʚ ʥʘʩʣʽʜʢʦʤ ʨʦʟʢʦʣʫ 

ʩʫʧʝʨʤʘʪʝʨʠʢʘ ʄʝʟʦʛʝ ʾ(ʈʦʜʠʥʽʾ). ʋ ʧʽʟʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʧʦʩʠʣʠʣʠʩʴ ʪʝʢʪʦʥʽʯʥʽ ʨʫʭʠ ʟʝʤʥʦʾ 
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ʢʦʨʠ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʧʦʷʚʠ ʨʦʟʣʦʤʽʚ ʽ ʧʨʦʛʠʥʽʚ ʜʥʘ ʜʘʚʥʽʭ ʦʢʝʘʥʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʩʧʨʦʚʦʢʫʚʘʣʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʥʘ 125 ʤ. 

________________________________________________________________________________ 
 

*NB: ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʧʝʮʠʬʽʢʘ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʥʘʜʨʘʭ ɿʝʤʣʽ, ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʦɦ ʪʝʢʪʦʥʽʢʘ ʧʣʠʪ ʚʽʜʩʪʘʻ ʚʽʜ ʚʫʣʢʘʥʽʟʤʫ: ʪʦʙʪʦ, ʯʘʩʦʚʽ ʽʥʪʝʨʚʘʣʠ ʧʦʩʠʣʝʥʥʷ ʚʫʣʢʘʥʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ, 

ʟʘʟʚʠʯʘʡ, ʧʝʨʝʜʫʶʪʴ ʯʘʩʦʚʠʤ ʽʥʪʝʨʚʘʣʘʤ ʧʦʩʠʣʝʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ. 

_______________________________________________________________________________________ 

 

ɺʥʘʩʣʽʜʦʢ ʧʘʜʽʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʦʢʝʘʥʘʭ - ʦʙʤʽʣʽʣʦ ʪʘ ʟʥʠʢʣʦ ʙʘʛʘʪʦ ʤʽʣʢʦʚʦʜʥʠʭ 

ʤʦʨʽʚ, ʱʦ ʩʪʘʣʦ ʦʜʥʠʤ ʟ ʬʘʢʪʦʨʽʚ ʤʘʩʦʚʦʛʦ ʚʠʤʠʨʘʥʥʷ ʚʠʜʽʚ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʥʘʧʨʠʢʽʥʮʽ 

ʆʨʜʦʚʠʮʴʢʦʛʦ ʧʝʨʽʦʜʫ. ɯʥʰʦʶ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ ʚ ʧʽʟʥʴʦʤʫ ʆʨʜʦʚʠʢʫ - ʙʫʣʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʝʣʠʢʠʭ ʤʘʩ ʚʦʜʠ ʚ ɸʬʨʠʢʘʥʩʴʢʠʭ ʧʦʢʨʠʚʥʠʭ ʣʴʦʜʦʚʠʢʘʭ. ʇʽʩʣʷ ʾʭ ʪʘʥʝʥʥʷ ʚ 

ʩʘʤʦʤʫ ʢʽʥʮʽ ʆʨʜʦʚʠʢʘ ï ʨʽʚʝʥʴ ʚʦʜʠ ʨʽʟʢʦ ʧʽʜʥʷʚʩʷ. 

________________________________________________________________________________ 
 

*ɿʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʝʨʦʟʽʾ ʧʦʚʝʨʭʥʽ ʢʦʥʪʠʥʝʥʪʽʚ ʚ ʧʽʟʥʴʦʤʫ ʆʨʜʦʚʠʢʫ. ʋ ʚʝʨʭʥʴʦʤʫ 

ʆʨʜʦʚʠʢʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟʦʪʦʧʽʚ ʩʪʨʦʥʮʽʶ ʚ ʬʦʩʠʣʽʷʭ ʤʦʨʩʴʢʠʭ ʦʨʛʘʥʽʟʤʽʚ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ. 

 

 

 
 

 

 

 
ʈʘʜʽʦʘʢʪʠʚʥʠʡ ʽʟʦʪʦʧ ʩʪʨʦʥʮʽʶ-87 

ʟ'ʷʚʣʷʻʪʴʩʷ ʚ ʧʦʨʦʜʘʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʨʦʟʧʘʜʫ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʽʟʦʪʦʧʫ 

ʨʫʙʽʜʽʶ-87. ʆʩʢʽʣʴʢʠ ʩʪʨʦʥʮʽʡ ʤʘʻ 

ʪʨʠʚʘʣʠʡ ʯʘʩ ʨʝʟʠʜʝʥʮʽʾ ʚ ʦʢʝʘʥʽʯʥʽʡ 

ʚʦʜʽ (2,4 ʭ 10
6
 ʨʦʢʽʚ), ʪʦ ʢʨʠʚʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟʦʪʦʧʽʚ ʩʪʨʦʥʮʽ-ʁ

87/ʩʪʨʦʥʮʽ-ʁ86 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʜʦʚʛʦʪʨʠʚʘʣʠʤʠ ʬʣʫʢʪʫʘʮʽʷʤʠ. ʊʦʤʫ 

ʜʘʥʝ ʽʟʦʪʦʧʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʭʝʤʦʩʪʨʘʪʠʛʨʘ-

ʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. 

 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟʦʪʦʧʽʚ ʩʪʨʦʥʮʽʶ-

87/ʩʪʨʦʥʮʽʶ-86 ʚ ʤʦʨʩʴʢʽʡ ʚʦʜʽ 

ʢʦʥʪʨʦʣʶʻʪʴʩʷ: ʘ) ʧʨʦʮʝʩʘʤʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʢʦʨʠ (ʚ 

ʭʦʜʽ ʽʥʪʝʥʩʠʚʥʦʛʦ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʢʦʨʠ ʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ 

ʨʘʜʽʦʛʝʥʥʦʛʦ ʩʪʨʦʥʮʽʶ-87 ʧʦʪʨʘʧʣʷʶʪʴ 

ʚ ʤʦʨʩʴʢʫ ʚʦʜʫ); ʙ) ʧʨʦʮʝʩʘʤʠ 

ʚʠʚʽʪʨʶʚʘʥʥʷ ʤʦʣʦʜʠʭ ʙʘʟʘʣʴʪʽʚ - ʧʨʠ 

ʮʴʦʤʫ ʚ ʤʦʨʩʴʢʫ ʚʦʜʫ ʧʦʪʨʘʧʣʷʻ 

ʥʝʨʘʜʽʦʛʝʥʥʠʡ ʽʟʦʪʦʧ ʩʪʨʦʥʮʽʶ-86 ʚ 

ʭʦʜʽ ʛʘʣʴʤʽʨʦʣʽʟʘ (ʨʫʡʥʫʚʘʥʥʷ 

ʤʽʥʝʨʘʣʽʚ ʩʦʣʴʦʚʠʤʠ ʨʦʟʯʠʥʘʤʠ) 

ʤʦʣʦʜʦʾ ʙʘʟʘʣʴʪʦʚʦʾ ʢʦʨʠ, ʘ ʪʘʢʦʞ ʚ 

ʭʦʜʽ ʧʨʝʮʠʧʽʪʘʮʽʾ ʽ ʚʠʚʽʪʨʶʚʘʥʥʷ 

ʤʦʨʩʴʢʠʭ ʢʘʨʙʦʥʘʪʽʚ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ, 

ʟʤʽʥʠ ʚ ʯʘʩʽ 
87

Sr/
86

Sr ʽʟʦʪʦʧʥʦʾ 

ʢʦʤʧʦʟʠʮʽʾ ʦʢʝʘʥʽʯʥʠʭ ʚʦʜ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʯʝʥʠʤʠ ʷʢ ʧʨʦʢʩʽ 

ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʪʝʢʪʦʥʽʯʥʦʾ 

ʝʚʦʣʶʮʽʾ (ʟʘ Munnecke et al., 2010). 

 

 
ɼʠʥʘʤʽʢʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟʦʪʦʧʽʚ ʩʪʨʦʥʮʽʶ 

87
Sr/

86
Sr ʫ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʆʨʜʦʚʠʢʘ (ʟʘ Munnecke et al., 2010). 

 

 

ʆʜʥʘ ʟ ʤʦʞʣʠʚʠʭ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʟʥʠʞʝʥʥʷ - ʨʝʜʫʢʮʽʷ ʧʘʥ-ɸʬʨʠʢʘʥʩʴʢʦʛʦ ʛʦʨʦʪʚʦʨʝʥʥʷ ʽ 

ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʽʟʦʪʦʧʫ ʩʪʨʦʥʮʽʶ-87 ʚ ʦʢʝʘʥʠ (Qing et al., 1998; 
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Shields et al., 2003). ʂʨʽʤ ʪʦʛʦ, ʅ. Qing ʟ ʢʦʣʝʛʘʤʠ (1998) ʽ G. Shields ʟ ʢʦʣʝʛʘʤʠ (2003) ʧʨʠʧʫʩʪʠʣʠ, 

ʱʦ ʪʘʢʝ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
87

Sr/
86
Sr ʻ ʪʘʢʦʞ ʨʝʟʫʣʴʪʘʪʦʤ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʝʨʦʟʽʾ 

ʢʦʥʪʠʥʝʥʪʽʚ ʽ ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʙʦʨʦʪʫ ʦʢʝʘʥʽʯʥʠʭ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʭ ʚʦʜ. ʎʽ ʞ ʘʚʪʦʨʠ 

ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʚʝʣʠʢʘ ʪʨʘʥʩʛʨʝʩʽʷ ʤʦʨʷ, ʚʠʷʚʣʝʥʘ ʜʣʷ ʤʝʞʽ ɼʘʨʠʚʽʣʽʡ - ʉʘʥʜʙʽʡ (Haq & Schutter, 

2008), ʧʨʠʟʚʝʣʘ ʜʦ ʧʽʜʪʦʧʣʝʥʥʷ ʟʥʘʯʥʠʭ ʧʣʦʱ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʭ ʢʨʘʪʦʥʽʚ, ʱʦ ʪʘʢʦʞ ʤʦʛʣʦ ʨʝʜʫʢʫʚʘʪʠ 

ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʛʝʥʥʦʛʦ ʩʪʨʦʥʮʽʶ ʚ ʦʢʝʘʥʠ. ʂʨʽʤ ʪʦʛʦ, ʟʨʦʩʪʘʥʥʷ ʧʣʦʱʽ ʦʢʝʘʥʽʯʥʦʛʦ ʜʥʘ ʚ ʭʦʜʽ 

ʩʧʨʝʜʥ̔ʛʘ ʤʦʛʣʦ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʨʦʩʪʘʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ ʥʝʨʘʜʽʦʛʝʥʥʦʛʦ ʩʪʨʦʥʮʽʶ ʚ ʦʢʝʘʥʠ. ʉʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʛʽʧʦʪʝʟʘ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ G. Shields ʟ ʢʦʣʝʛʘʤʠ (2003), ʚ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʘ ʧʽʜʪʚʝʨʜʞʝʥʘ 

ʚ ʨʦʙʦʪʽ S. Young ʟ ʢʦʣʝʛʘʤʠ (2009). 

________________________________________________________________________________ 

 

ʂʣʽʤʘʪ ʚ ʆʨʜʦʚʠʮʴʢʦʤʫ ʧʝʨʽʦʜʽ 

 

ʅʘ ʧʦʯʘʪʢʫ ʆʨʜʦʚʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʙʫʣʠ ʜʫʞʝ ʚʠʩʦʢʠʤʠ. 

ɸʣʝ, ʧʦʩʪʫʧʦʚʝ ʦʩʣʘʙʣʝʥʥʷ ʚʫʣʢʘʥʽʟʤʫ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʠʞʝʥʥʷ ʚ ʨʘʥʥʴʦʤʫ ʆʨʜʦʚʠʢʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʽʜ ʢʨʠʪʠʯʥʦ-ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ - ʜʦ ʟʥʘʯʝʥʴ, 

ʦʧʪʠʤʘʣʴʥʠʭ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʽʚ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʧʽʟʥʴʦʤʫ ʆʨʜʦʚʠʢʫ, ʚʥʘʩʣʽʜʦʢ ʧʦʩʠʣʝʥʥʷ ʪʝʢʪʦʥʽʯʥʠʭ ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ, 

ʤʘʪʝʨʠʢ ɻʦʥʜʚʘʥʘ ʧʦʯʘʚ ʟʤʽʱʫʚʘʪʠʩ ɹʜʦ ʇʽʚʜʝʥʥʦʛʦ ʧʦʣʶʩʘ. ʎʝ ʩʪʘʣʦ ʦʜʥʽʻʶ ʟ ʧʨʠʯʠʥ 

ʟʥʠʞʝʥʥʷ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ɿʝʤʣʽ (ʟʦʢʨʝʤʘ, ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ ʦʢʝʘʥʽ ʟʥʠʟʠʣʠʩʴ, ʚ 

ʩʝʨʝʜʥʴʦʤʫ, ʟ +42
0
ʉ ʜʦ +30

0
ʉ) ʽ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʢʣʽʤʘʪʠʯʥʦʾ ʟʦʥʘʣʴʥʦʩʪʽ ʥʘ ɿʝʤʣʽ.  

 

 
ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʚ ʌʘʥʝʨʦʟʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ, ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʽʚʥʷ ʤʦʨʷ. ɼʝ: ʧʦ ʦʩʽ ʆʋ ï ʛʝʦʣʦʛʽʯʥʠʡ ʯʘʩ, ʤʣʥ.ʨ.ʪ.; ʧʦ ʦʩʽ ʆʍ ï 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ, % (percentage O2); ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, CO2 (ppm); ʩʝʨʝʜʥʽ ʛʣʦʙʘʣʴʥʽ 
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ʪʝʤʧʝʨʘʪʫʨʠ, 
0
ʉ (average global temperature); ʨʽʚʝʥʴ ʤʦʨʷ, ʧʦʨʽʚʥʷʥʦ ʟ ʩʫʯʘʩʥʠʤʠ ʚʽʜʤʽʪʢʘʤʠ, ʤ 

(metres change from today) (ʛʨʘʬʽʢʠ ʥʘʚʝʜʝʥʦ ʟʘ Benton, 2010). 

________________________________________________________________________________ 
 

*J.A.Trotter ʟ ʢʦʣʝʛʘʤʠ (2008) ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʽʟʦʪʦʧʽʚ ʢʠʩʥʶ ʚ ʘʧʘʪʠʪʘʭ ʚʠʢʦʧʥʠʭ 

ʆʨʜʦʚʠʮʴʢʠʭ ʽ ʉʠʣʫʨʽʡʩʴʢʠʭ ʢʦʥʦʜʦʥʪʽʚ ʨʝʢʦʥʩʪʨʫʶʚʘʣʠ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʫ ʚʽʜʧʦʚʽʜʥʽ ʛʝʦʣʦʛʽʯʥʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ. ɹʽʦʛʝʥʥʽ ʘʧʘʪʠʪʠ - ʙʽʣʴʰ ʩʪʽʡʢʽ, ʥʽʞ ʙʽʦʛʝʥʥʽ ʢʘʨʙʦʥʘʪʠ, ʪʦʤʫ, ʽʟʦʪʦʧʥʠʡ ʘʥʘʣʽʟ 

ʚʠʢʦʧʥʠʭ ʘʧʘʪʠʪʽʚ ʜʦʟʚʦʣʠʚ ʘʚʪʦʨʘʤ ʨʦʙʦʪʠ ʦʪʨʠʤʘʪʠ ʙʽʣʴʰ ʨʝʘʣʴʥʫ ʪʝʤʧʝʨʘʪʫʨʥʫ ʢʨʠʚʫ, ʧʦʨʽʚʥʷʥʦ 

ʟ ʢʨʠʚʠʤʠ, ʧʦʙʫʜʦʚʘʥʠʤʠ ʽʥʰʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʧʥʠʭ 

ʙʽʦʛʝʥʥʠʭ ʢʘʨʙʦʥʘʪʽʚ (ʟʦʢʨʝʤʘ, ʟ ʪʝʤʧʝʨʘʪʫʨʥʠʤ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʧʦʯʘʪʢʫ ʆʨʜʦʚʠʮʴʢʦʛʦ ʧʝʨʽʦʜʫ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ + 40
0
ʉ). 

ʆʪʨʠʤʘʥʽ J.A.Trotter ʟ ʢʦʣʝʛʘʤʠ (2008) ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʚʠʩʦʢʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʯʘʪʢʫ 

ʆʨʜʦʚʠʢʫ ʽ ʧʨʦ ʧʦʩʪʫʧʦʚʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʪʷʛʦʤ ʨʘʥʥʴʦʛʦ 

ʆʨʜʦʚʠʢʘ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʥʠʤʠ ʟʥʘʯʝʥʥʷ ʩʫʯʘʩʥʠʭ ʝʢʚʘʪʦʨʽʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʽ ʡ ʧʽʜʪʨʠʤʫʚʘʣʠʩʴ 

ʧʦʪʽʤ ʧʨʦʪʷʛʦʤ ʩʝʨʝʜʥʴʦʛʦ ʽ ʧʽʟʥʴʦʛʦ ʆʨʜʦʚʠʢʘ. ɸʚʪʦʨʠ ʜʦʩʣʽʜʞʝʥʥʷ (Trotter et al., 2008) ʚʚʘʞʘʶʪʴ, 

ʱʦ ʩʘʤʝ ʟʘʚʜʷʢʠ ʟʥʠʞʝʥʥʶ ʩʫʧʝʨʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʜʦ ʦʧʪʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʽ ʩʪʘʣʘ ʤʦʞʣʠʚʦʶ 

ʆʨʜʦʚʠʮʴʢʘ ʨʝʚʦʣʶʮʽʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. 

 

 
 

ʂʨʠʚʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʤʦʨʷ ʚ ʪʨʦʧʽʯʥʽʡ ʟʦʥʽ ʚ ʆʨʜʦʚʠʢʫ - ʉʠʣʫʨʽ, ʦʪʨʠʤʘʥʘ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ 

ʽʟʦʪʦʧʽʚ ʢʠʩʥʶ ʚ ʘʧʘʪʠʪʘʭ ʚʠʢʦʧʥʠʭ ʢʦʥʦʜʦʥʪʚ̔ ʚʽʜʧʦʚʽʜʥʦʛʦ ʛʝʦʣʦʛʽʯʥʦʛʦ ʚʽʢʫ. ɼʝ: Timescale - ʰʢʘʣʘ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ, ʤʣʥ. ʨʦʢʽʚ; Ordovician Biodiversity Pulses - ʩʧʣʝʩʢ ʆʨʜʦʚʠʮʴʢʦʛʦ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ; 

Sea Surface Temperature (SST) - ʧʨʠʧʦʚʝʨʭʥʝʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ; Laurentia (Canada) - ʃʘʚʨʝʥʪʽʷ 

(ʂʘʥʘʜʘ); Gondwana (Australia) - ɻʦʥʜʚʘʥʘ (ɸʚʩʪʨʘʣʽʷ); modern equatorial SST range - ʩʫʯʘʩʥʠʡ 

ʜʽʘʧʘʟʦʥ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʝʢʚʘʪʦʨʽʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʟʘ Trotter et al., 2008). 

________________________________________________________________________________ 

 

ɺ ʧʽʟʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʥʘ ʧʽʚʜʥʽ ɻʦʥʜʚʘʥʠ ʧʦʯʘʣʦ ʬʦʨʤʫʚʘʪʠʩʴ ʧʦʢʨʠʚʥʝ ʟʣʝʜʝʥʽʥʥʷ - 

ʦʜʥʝ ʟ ʥʘʡʙʽʣʴʰʠʭ ʚ ʽʩʪʦʨʽʾ ɿʝʤʣʽ, ʱʦ, ʥʘʨʷʜʫ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʤʦʨʷ, ʪʘʢʦʞ ʩʪʘʣʦ ʦʜʥʽʻʶ ʟ 

ʧʨʠʯʠʥ ʤʘʩʦʚʦʛʦ ʚʠʤʠʨʘʥʥʷ ʚʠʜʽʚ ʥʘʧʨʠʢʽʥʮʽ ʆʨʜʦʚʠʮʴʢʦʛʦ ʧʝʨʽʦʜʫ. ʇʽʟʥʴʦ-ʆʨʜʦʚʠʮʴʢʝ 
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ʟʣʝʜʝʥʽʥʥʷ ʚʢʣʶʯʘʣʦ ʢʽʣʴʢʘ ʣʴʦʜʦʚʠʢʦʚʠʭ ʝʧʦʭ ʽ ʤʽʞʣʴʦʜʦʚʠʢʦʚʽʡ. ɺʚʘʞʘʶʪʴ, ʱʦ ʩʘʤʝ ʚ ʮʝʡ 

ʯʘʩ ʩʬʦʨʤʫʚʘʣʠʩʴ ʥʘʬʪʦʚʽ ʧʦʢʣʘʜʠ ʇʽʚʥʽʯʥʦʾ ɸʬʨʠʢʠ ʪʘ ɸʨʘʚʽʡʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ, ʦʩʢʽʣʴʢʠ 

ʟʘ ʫʤʦʚ ʤʘʩʦʚʠʭ ʚʠʤʠʨʘʥʴ ʙʽʦʪʠ + ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʪʘ ʛʽʧʦʢʩʽʾ ʚʥʘʩʣʽʜʦʢ ʬʦʨʤʫʚʘʥʥʷ 

ʧʦʢʨʠʚʥʠʭ ʣʴʦʜʦʚʠʢʽʚ ï ʚʽʜʤʝʨʣʘ ʦʨʛʘʥʽʢʘ ʥʝ ʨʦʟʢʣʘʜʘʣʘʩʴ ʧʦʚʥʽʩʪʶ, ʘ ʬʦʨʤʫʚʘʣʘ ʥʘʬʪʦʚʽ 

ʧʦʢʣʘʜʠ. 

Finnegan S. ʟ ʢʦʣʝʛʘʤʠ (2011) ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʢʣʘʩʠʯʥʠʡ ʢʠʩʥʝʚʠʡ ʽʟʦʪʦʧʥʠʡ 

ʧʘʣʝʦʪʝʨʤʦʤʝʪʨ ʽ D47-ʢʘʨʙʦʥʘʪʥʠʡ ʽʟʦʪʦʧʥʠʡ ʧʘʣʝʦʪʝʨʤʦʤʝʪʨ, ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʧʽʜ ʯʘʩ 

ʧʽʟʥʴʦ-ʆʨʜʦʚʠʮʴʢʦʾ ï ʨʘʥʥʴʦ-ʉʠʣʫʨʽʡʩʴʢʦʾ ʛʣʷʮʽʘʮʽʾ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʝʘʥʫ ʚ ʪʨʦʧʽʢʘʭ 

ʩʪʘʥʦʚʠʣʘ +32
0
ʉ +37

0
ʉ ʟʘ ʚʠʥʷʪʢʦʤ ʢʦʨʦʪʢʦʯʘʩʥʦʛʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ 5

0
ʉ ʥʘ ʧʽʟʥʴʦ-

ʆʨʜʦʚʠʮʴʢʽʡ ʩʪʘʜʽʾ. ʇʽʢ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʟʙʽʛʩʷ ʟ ʤʘʢʩʠʤʫʤʦʤ ʧʦʰʠʨʝʥʥʷ ʧʦʢʨʠʚʥʦʛʦ 

ʟʣʝʜʝʥʽʥʥʷ ʽ ʟ ʧʽʟʥʴʦ-ʆʨʜʦʚʠʮʴʢʠʤ ʤʘʩʦʚʠʤ ʚʠʤʠʨʘʥʥʷʤ ʙʽʦʪʠ. ʆʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʜʘʥʽ 

(Finnegan et al., 2011) ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʛʣʷʮʽʘʮʽʷ ɻʦʥʜʚʘʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʴ ʦʭʦʣʦʜʞʝʥʥʷʤ ʪʨʦʧʽʯʥʠʭ ʤʦʨʽʚ - ʪʨʦʧʽʯʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʚʠʱʫʚʘʣʠ 

ʩʫʯʘʩʥʽ ʟʥʘʯʝʥʥʷ ʟʘ ʚʠʥʷʪʢʦʤ ʍʽʨʥʘʥʪʩʴʢʦʛʦ ʛʣʷʮʽʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ. ʇ̔ ʩʣʷ ʟʘʚʝʨʰʝʥʥʷ  

ʍʽʨʥʘʥʪʩʴʢʦʾ ʝʧʦʭʠ ʨʽʟʢʦ ʧʦʪʝʧʣʽʣʦ, ʭʦʯʘ ʟʥʘʯʥʽ ʪʦʚʱʽ ʣʴʦʜʦʚʠʢʽʚ ʟʙʝʨʽʛʘʣʠʩʴ ʱʝ ʢʽʣʴʢʘ 

ʤʽʣʴʡʦʥʽʚ ʨʦʢʽʚ. ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʽʥʰʠʤʠ ʘʚʪʦʨʘʤʠ ʥʘ ʧʽʜʩʪʘʚʽ ʽʟʦʪʦʧʥʦʛʦ ʘʥʘʣʽʟʫ ʢʠʩʥʶ ʚ 

ʘʧʘʪʠʪʘʭ ʚʠʢʦʧʥʠʭ ʢʦʥʦʜʦʥʪʽʚ (Trotter et al., 2008), ʜʘʶʪʴ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ. 

ʆʜʥʘʢ, ʚ ʩʚʦʾʡ ʨʦʙʦʪʽ Trotter J.A. ʟ ʢʦʣʝʛʘʤʠ (2008) ʚʠʭʦʜʠʣʠ ʟ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʽʟʦʪʦʧʥʠʡ 

ʩʢʣʘʜ ʆʨʜʦʚʠʮʴʢʦʾ ʚʦʜʠ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʦʤʫ ʽʟʦʪʦʧʥʦʤʫ ʩʢʣʘʜʫ ʚʦʜʠ. ʇʝʨʝʚʘʛʘ 47-

ʢʘʨʙʦʥʘʪʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʧʘʣʝʦʪʝʨʤʦʤʝʪʨʘ, ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʚ ʨʦʙʦʪʽ Finnegan S. ʟ ʢʦʣʝʛʘʤʠ 

(2011), ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʦʪʨʠʤʘʥʽ ʟʘ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ ʟʥʘʯʝʥʥʷ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ ʥʝ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʽʟʦʪʦʧʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ, ʚ ʷʢʽʡ ʤʝʰʢʘʣʠ ʜʘʚʥʽ ʦʨʛʘʥʽʟʤʠ. 
 

 

 
 

ɸ - ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʨʦʧʽʯʥʠʭ ʤʦʨʽʚ, ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʽ ʥʘ ʧʽʜʩʪʘʚʽ ʟʥʘʯʝʥʴ 

ʧʦʢʘʟʥʠʢʘ 47 ʢʘʨʙʦʥʘʪʥʦʛʦ ʽʟʦʪʦʧʥʦʛʦ ʧʘʣʝʦʪʝʨʤʦʤʝʪʨʘ; ɺ - ʜʠʥʘʤʽʢʘ ʧʦʢʘʟʥʠʢʘ ʽʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʢʠʩʥʶ ʫ ʚʠʢʦʧʥʠʭ ʢʘʣʴʮʠʪʘʭ, d
18

Ocalcite; D - ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʽʟʦʪʦʧʥʦʛʦ 

ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʢʠʩʥʶ ʜʣʷ ʚʦʜʠ, d
18

Owater (ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ ʚʢʘʟʫʻ ʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʧʽʜ 

ʯʘʩ ʇʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʛʣʷʮʘ̔ʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʽ ʦʯʽʢʫʚʘʥʽ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʜʣʷ ʤʽʞʣʴʦʜʦʚʠʢʽʚ` )̫. 

ɼʝ: LGM - ʦʩʪʘʥʥʽʡ ʛʣʷʮʘ̔ʣʴʥʠʡ ʤʘʢʩʠʤʫʤ; ice-free - ʫʤʦʚʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʢʨʠʚʥʦʛʦ ʟʣʝʜʝʥʽʥʥʷ (ʟʘ 

Finnegan et al., 2011). 
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ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʢʦʥʪʠʥʝʥʪʽʚ ʥʘʧʨʠʢʽʥʮʽ ʆʨʜʦʚʠʮʴʢʦʛʦ ʧʝʨʽʦʜʫ (ʚʠʜ ʟ ʇʽʚʜʝʥʥʦʛʦ 

ʧʦʣʶʩʘ) ɼʝ: ʙʣʘʢʠʪʥʘ ʰʪʨʠʭʦʚʢʘ - ʚʢʘʟʫʻ ʤʽʥʽʤʘʣʴʥʝ ʧʦʰʠʨʝʥʥʷ ʣʴʦʜʦʚʠʢʽʚ; ʧʫʥʢʪʠʨʥʘ ʣʽʥʽʷ - ʟʦʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʣʴʦʜʦʚʠʢʽʚ; GW - ɻʦʥʜʚʘʥʘ; Ba - ɹʘʣʪʠʢʘ; La - ʃʘʚʨʝʥʪʽʷ; Late Ordovician - 

Early Silurian glacial deposits - ʛʣʷʮʽʘʣʴʥʽ ʜʝʧʦʟʠʪʠ ʧʽʟʥʴʦʛʦ ʆʨʜʦʚʠʢʘ - ʨʘʥʥʴʦʛʦ ʉʠʣʫʨʘ (ʮʠʪʦʚʘʥʦ ʟʘ 

Finnegan et al., 2011). 

 

ʍʽʨʥʘʥʪʩʢɹʝ ʟʣʝʜʝʥʽʥʥʷ ʪʨʠʚʘʣʦ ʚʩʴʦʛʦ ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʪʠʩʷʯ ʨʦʢʽʚ (Sutcliffe et al., 2000) 

ʧʨʦʪʷʛʦʤ ʜʦʚʛʦʾ ʨʘʥʥʴʦ-ʇʘʣʝʦʟʦʡʩʴʢʦʾ ʣʴʦʜʦʚʠʢʦʚʦʾ ʝʨʠ (Page et al., 2007). ʊʘʢ, ʘʥʘʣʽʟ 

ʽʟʦʪʦʧʽʚ ʢʠʩʥʶ ʧʦʢʘʟʘʚ, ʱʦ ʧʽʟʥʴʦ-ʆʨʜʦʚʠʮʴʢʝ ʍʽʨʥʘʥʪʩʴʢʝ ʟʣʝʜʝʥʽʥʥʷ ʪʨʠʚʘʣʦ 500 ʪʠʩʷʯ 

ʨʦʢʽʚ  ̔ʟʘ ʮʝʡ ʯʘʩ ʙʫʣʦ ʢʽʣʴʢʘ ʣʴʦʜʦʚʠʢʦʚʠʭ ʝʧʦʭ (ʜʦ 5 ʮʠʢʣʽʚ ʄʣ̔ʘʥʢʦʚʠʯʘ). ʇʨʠ ʮʴʦʤʫ ʥʘ 

ʧʽʚʜʝʥʥʦʤʫ ʧʦʣʶʩʽ ʟʙʝʨʽʛʘʣʘʩʴ ʧʦʩʪʽʡʥʘ ʣʴʦʜʦʚʠʢʦʚʘ ʰʘʧʦʯʢʘ, ʷʢʘ ʨʦʟʰʠʨʶʚʘʣʘʩʴ ʽ 

ʩʪʠʩʢʘʣʘʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʛʣʷʮʽʘʣʽʚ ʪʘ ʽʥʪʝʨʛʣʷʮʽʘʣʽʚ. ɺʚʘʞʘʶʪʴ, ʱʦ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ 

ʟʘʧʫʩʪʠʚ ʍʽʨʥʘʥʪʩʴʢʫ ʛʣʷʮʽʘʮʽʶ, ʩʪʘʣʠ ʟʤʽʥʠ ʚ ʧʘʨʘʤʝʪʨʘʭ ʦʨʙʽʪʠ ɿʝʤʣʽ (Armstrog et al, 2005; 

Clarc et al., 2009), ʘ ʛʣʦʙʘʣʴʥʦʶ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʚ ʆʨʜʦʚʠʢʫ ʧʦʨʽʚʥʷʥʦ ʟ 

ʂʝʤʙʨʽʻʤ ʩʪʘʣʦ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʟʝʤʥʦʛʦ ʚʫʣʢʘʥʽʟʤʫ (McKenzie et al., 2016). 

ʅʘ ʜʫʤʢʫ Ghienne et al (2005), ʍʽʨʥʘʥʪʩʴʢʘ ʣʴʦʜʦʚʠʢʦʚʘ ʝʧʦʭʘ ʤʘʣʘ ʤʽʩʮʝ ʧʨʠ 

ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʤʦʨʷ; ɸʬʨʠʢʘ ʚ ʮʝʡ ʯʘʩ ʤʘʣʘ ʚʠʛʣʷʜ ʤʽʣʢʦʚʦʜʥʠʭ ʤʦʨʽʚ, ʽʟʦʣʴʦʚʘʥʠʭ ʚʽʜ 

ʚʝʣʠʢʦʛʦ ʦʢʝʘʥʫ, ʱʦ ʧʦʨʫʰʠʣʦ ʪʝʧʣʦʧʝʨʝʥʦʩ  ̔ʤʽʣʢʦʚʦʜʥʽ ʤʦʨʷ ʟʘʤʝʨʟʣʠ. ɸʣʝ, ʧʦʜʘʣʴʰʝ 

ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʤʦʨʷ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʧʣʦʦʙʤʽʥʫ ʟ ʦʢʝʘʥʦʤ - ʽ ʣʽʜ ʨʦʟʪʘʥʫʚ. 

ʋ ʨʘʥʥʴʦʤʫ ʉʠʣʫʨʽ - ʦʢʝʘʥ ʧʽʰʦʚ ʽʟ ʉʘʭʘʨʠ.  

ʂʨʽʤ ʪʦʛʦ, ʚʚʘʞʘʶʪʴ, ʱʦ ʚ ʫʪʚʦʨʝʥʥʽ ʧʦʢʨʠʚʥʦʛʦ ʟʣʝʜʝʥʽʥʥʷ ʚʘʞʣʠʚʫ ʨʦʣʴ ʟʽʛʨʘʣʦ 

ʬʦʨʤʫʚʘʥʥʷ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʽʯʥʠʭ ʭʨʝʙʪʽʚ ʥʘʚʢʦʣʦ ʧ̔ ʚʜʥʷ ɻʦʥʜʚʘʥʠ, ʷʢʽ ʧʦʨʫʰʠʣʠ 

ʮʠʨʢʫʣʷʮʽʶ ʪʝʧʣʠʭ ʪʘ ʭʦʣʦʜʥʠʭ ʦʢʝʘʥʽʯʥʠʭ ʚʦʜ. ʈʽʟʢʝ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨ ʽ ʧʘʜʽʥʥʷ ʨʽʚʥʷ 

ʤʦʨʷ ʚ ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʦʚʦʢʫʚʘʣʠ ʧʝʨʰʫ ʭʚʠʣʶ ʧʽʟʥʴʦ-ʆʨʜʦʚʠʮʴʢʦʛʦ ʚʠʤʠʨʘʥʥʷ ʙʽʦʪʠ. 

________________________________________________________________________________ 

 

*NB! ʇʘʨʘʜʦʢʩ ʧ̔ ʟʥʴʦ-ʆʨʜʦʚʠʮʴʢʦʾ ʛʣʷʮʽʘʮʽʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʍʽʨʥʘʥʪʩʴʢʠʡ 

ʛʣʷʮʽʘʣʴʥʠʡ ʤʘʢʩʠʤʫʤ 440 ʤʣʥ.ʨ.ʪ. ʩʫʧʨʦʚʦʜʞʫʚʘʚʩʷ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ (ʜʠʚ. ʨʠʩ. ʟʘ Berner, 2004). ʎʝʡ ʬʘʢʪ ʱʝ ʨʘʟ ʧʽʜʪʚʝʨʜʞʫʻ 

ʚʘʞʣʠʚʽʩʪʴ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ (ʭʽʤʽʯʥʠʭ, ʪʝʢʪʦʥʽʯʥʠʭ, ʢʦʩʤʽʯʥʠʭ, ʦʢʝʘʥʦʛʨʘʬʽʯʥʠʭ ʽ 

ʪ.ʥ.) ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ɿʝʤʣʽ. 
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ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʚ ʌʘʥʝʨʦʟʦʾ. ɼʝ: ʧʦ ʦʩʽ 

ʆʍ - ʛʝʦʣʦʛʽʯʥʠʡ ʯʘʩ, ʤʣʥ.ʨ.ʪ.; ʧʦ ʦʩʽ ʆʋ1 - ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʽ, ppm 

(ʟʘʰʪʨʠʭʦʚʘʥʘ ʧʣʦʱʘ ʥʘ ʛʨʘʬʽʢʫ ʚʢʘʟʫʻ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʚʽʜʭʠʣʝʥʴ ʟʥʘʯʝʥʴ); ʆʋ2 - ʧʦʰʠʨʝʥʥʷ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʾ ʛʣʷʮʽʘʮʽ,ʾ 
0
 - ʛʨʘʜʫʩʠ ʧʘʣʝʦʰʠʨʦʪ (ʮʠʪʦʚʘʥʦ ʟʘ Berner, 2004 ʟ ʧʦʩʠʣʘʥʥʷʤ ʥʘ Royer et 

al., 2004). 

________________________________________________________________________________ 

 

ʅʘ ʤʝʞʽ ʆʨʜʦʚʠʢ-ʉʠʣʫʨ ʧʦʩʠʣʠʚʩʷ ʚʫʣʢʘʥʽʟʤ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʧʽʜʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʪʘʥʝʥʥʷ 

ɸʬʨʠʢʘʥʩʴʢʠʭ ʣʴʦʜʦʚʠʢʽʚ. ʇʨʦʪʝ, ʥʘʩʴʦʛʦʜʥʽ, ʚʚʘʞʘʶʪʴ, ʱʦ ʪʘʢʝ ʨʽʟʴʢʝ ʧʦʪʝʧʣʽʥʥʷ ʙʫʣʦ 

ʩʧʨʦʚʦʢʦʚʘʥʝ ʟʤʽʥʦʶ ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʚʥʘʩʣʽʜʦʢ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʇʽʚʜʝʥʥʦʛʦ 

ʧʦʣʶʩʫ ʟʥʘʯʥʠʤʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʤʠ ʤʘʩʘʤʠ ɻʦʥʜʚʘʥʠ + ʧʦʢʨʠʚʥʠʤʠ ʣʴʦʜʦʚʠʢʘʤʠ, ʱʦ 

ʫʪʚʦʨʠʣʠʩʴ ʥʘ ʾʾ ʧʦʚʝʨʭʥʽ. ʇʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʦʛʦ ʧʝʨʽʦʜʫ - ʉʠʣʫʨʫ ï ʧʦʩʪʫʧʦʚʦ ɻʦʥʜʚʘʥʘ 

ʦʧʠʥʠʣʘʩʴ ʚ ʥʠʟʴʢʠʭ ʪʝʧʣʠʭ ʰʠʨʦʪʘʭ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ɿʝʤʣʽ ʤʘʡʞʝ 

ʥʘ 75 ʛʨʘʜʫʩʽʚ. 

ʇʦʪʝʧʣʽʥʥʷ, ʱʦ ʨʦʟʧʦʯʘʣʦʩʴ, ʽ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʤʦʨʷ ʩʧʨʦʚʦʢʫʚʘʣʠ ʜʨʫʛʫ ʭʚʠʣʶ 

ʤʘʩʦʚʦʛʦ ʚʠʤʠʨʘʥʥʷ ʙʽʦʪʠ ʥʘʧʨʠʢʽʥʮʽ ʆʨʜʦʚʠʢʘ. 

 

ɺʩʪʘʥʦʚʣʝʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʟʝʤʥʦʛʦ ʚʫʣʢʘʥʽʟʤʫ ʽ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʫʤʦʚʘʤʠ ʥʘ ɿʝʤʣʽ. ɺ ʭʦʜʽ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʚʫʣʢʘʥʽʟʤʫ ʚʠʚʝʨʛʘʶʪʴʩʷ ʤʘʛʤʠ ʧʨʠ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʤʦʣʦʜʽ ʮʠʨʢʦʥʠ. ɺʠʷʚʣʝʥʥʷ ʧʨʠʩʫʪʥʦʩʪʽ ʤʦʣʦʜʠʭ ʮʠʨʢʦʥʽʚ ʚ 

ʦʩʘʜʦʚʠʭ ʧʦʨʦʜʘʭ ʧʝʚʥʦʛʦ ʚʽʢʫ ʻ ʢʨʠʪʝʨʽʻʤ ʥʘʷʚʥʦʩʪʽ ʥʘʟʝʤʥʦʛʦ ʚʫʣʢʘʥʽʟʤʫ ʚ ʜʘʥʫ ʝʧʦʭʫ.  

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ McKenzie N.R. ʟ ʢʦʣʝʛʘʤʠ (2016) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʦʛʦ 

ʤʝʪʦʜʠʯʥʦʛʦ ʧʽʜʭʦʜʫ, ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʩʘʤʝ ʚ ʝʧʦʭʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʟʝʤʥʦʛʦ 

ʚʫʣʢʘʥʽʟʤʫ ʢʣʽʤʘʪ ʥʘ ɿʝʤʣʽ ʙʫʚ ʪʝʧʣʠʤ, ʪʦʜʽ ʷʢ ʝʧʦʭʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘʟʝʤʥʦʛʦ ʚʫʣʢʘʥʽʟʤʫ 

ʩʫʧʨʦʚʦʜʞʫʚʘʣʠʩʷ ʣʴʦʜʦʚʠʢʦʚʠʤʠ ʧʝʨʽʦʜʘʤʠ ʚ ʂʨʽʦʛʝʥʽ,ʾ ʚ ʧʽʟʥʴʦʤʫ ʆʨʜʦʚʠʢʫ, ʚ ʧʽʟʥʴʦʤʫ 

ʇʘʣʝʦʟʦʾ ʽ ʚ ʂʘʡʥʦʟʦʡʩʴʢʫ ʝʨʫ (ʟʘ McKenzie et al., 2016). 
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ʂʦʨʝʣʷʮʽʷ ʤʽʞ ʪʝʧʣʠʤʠ ʝʧʦʭʘʤʠ ʽ ʧʝʨʽʦʜʘʤʠ ʽʥʪʝʥʩʠʚʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʤʦʣʦʜʠʭ ʮʠʨʢʦʥʽʚ ʚ ʧʦʨʦʜʘʭ. 

ɼʝ: ʧʦ ʦʩʽ ʆʍ - ʛʝʦʣʦʛʽʯʥʠʡ ʚʽʢ, ʤʣʥ.ʨ.ʪ.; ʧʦ ʦʩʽ ʆʋ - ʯʝʨʚʦʥʘ ʢʨʠʚʘ - ʥʘʢʦʧʠʯʝʥʥʷ ʤʦʣʦʜʠʭ 

ʚʫʣʢʘʥʦʛʝʥʥʠʭ ʮʠʨʢʦʥʽʚ ʚ ʦʩʘʜʦʚʠʭ ʧʦʨʦʜʘʭ ʚʽʜʧʦʚʽʜʥʦʛʦ ʚʽʢʫ; ʯʦʨʥʘ ʢʨʠʚʘ - ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʽ, ppmv; ʙʣʘʢʠʪʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʩʤʫʛʘʤʠ ʚʠʜʽʣʝʥʽ ʣʴʦʜʦʚʠʢʦʚʽ 

ʝʧʦʭʠ; ʯʝʨʚʦʥʠʤʠ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʩʤʫʛʘʤʠ ʚʠʜʽʣʝʥʽ ʝʧʦʭʠ ʪʝʧʣʦʛʦ ʢʣʽʤʘʪʫ ʥʘ ɿʝʤʣʽ (ʟʘ McKenzie et 

al., 2016). 

 

ʆʨʜʦʚʠʮʴʢʘ ʨʝʚʦʣʶʮʽʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪ ̫
 

ʇʨʠʙʣʠʟʥʦ 470 ʤʣʥ.ʨ.ʪ. ʚ ʩʝʨʝʜʠʥʽ ʆʨʜʦʚʠʢʘ ʧʦʯʘʚʩʷ ʥʝʙʫʚʘʣʠʡ ʩʧʣʝʩʢ 

ʚʠʜʦʫʪʚʦʨʝʥʥʷ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʤʦʨʩʴʢʠʭ ʚʠʜʽʚ ʟʙʽʣʴʰʠʣʘʩ ɹʚ 3-100 ʨʘʟʽʚ. 

ɼʠʚʝʨʩʠʬʽʢʘʮʽʷ - ʮʝ ʧʨʦʮʝʩ ʟʙʽʣʴʰʝʥʥʷ ʪʘʢʩʦʥʦʤʽʯʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʦʨʛʘʥʽʟʤʽʚ. 

ɼʠʚʝʨʩʠʬʽʢʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʜʝʩʪʘʙʽʣʽʟʘʮʽʾ ʩʧʽʣʴʥʦʪʠ ʦʨʛʘʥʽʟʤʽʚ ʘʙʦ ʤʽʩʮʷ ʾʭ 

ʽʩʥʫʚʘʥʥʷ. 

 ʇʨʠʯʠʥʠ, ʱʦ ʚʠʢʣʠʢʘʣʠ ʧʦʩʠʣʝʥʝ ʚʠʜʦʫʪʚʦʨʝʥʥʷ ʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʚ ʩʝʨʝʜʠʥʽ 

ʆʨʜʦʚʠʢʘ: 

ʘ) ʧʝʨʝʥʘʩʝʣʝʥʥʷ ʝʢʦʩʠʩʪʝʤ (NB: ʧʝʨʝʥʘʩʝʣʝʥʥʷ - ʮʝ ʦʜʠʥ ʟ ʥʘʡʙʽʣʴʰ ʧʦʪʫʞʥʠʭ 

ʩʪʨʝʩʦʚʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʟʘʧʫʩʢʘʶʪʴ ʧʨʦʮʝʩʠ ʧʝʨʝʙʫʜʦʚʠ ɼʅʂ ʚ ʛʝʥʦʤʘʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʽ 

ʩʧʨʠʷʶʪʴ ʧʦʷʚʽ ʥʦʚʠʭ ʚʠʜʽʚ); 

________________________________________________________________________________ 
 

*ɺʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ ʦʧʪʠʤʘʣʴʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜʩʫʪʥʽʩʪʴ ʂʝʤʙʨʽʡʩʴʢʦʾ ʩʧʝʢʠ) ʩʧʨʠʷʣʠ ʤʘʩʦʚʦʤʫ ʨʦʟʤʥʦʞʝʥʥʶ ʬʦʪʦʩʠʥʪʝʟʫʶʯʠʭ 

ʦʨʛʘʥʽʟʤʽʚ, ʟʦʢʨʝʤʘ, ʚʦʜʦʨʦʩʪʝʡ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, - ʧʦʩʠʣʝʥʥʦʤʫ ʨʦʟʤʥʦʞʝʥʥʶ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʆʨʜʦʚʠʢʘ 

ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʽʥʰʽ ʣʘʥʢʠ ʪʨʦʬʽʯʥʦʛʦ ʣʘʥʮʶʛʘ: ʪʦʙʪʦ ʪʨʘʚʦʾʜʥʠʭ ʽ ʭʠʞʠʭ ʪʚʘʨʠʥ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʜʦ ʩʝʨʝʜʠʥʠ ʆʨʜʦʚʠʢʘ, ʝʢʦʩʠʩʪʝʤʠ ʚʠʷʚʠʣʠʩ ɹʧʝʨʝʥʘʩʝʣʝʥʠʤʠ ʞʠʚʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ. 

________________________________________________________________________________ 

 

ʙ) ʟʨʦʩʪʘʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽʟʦʪʦʧʽʚ ʭʨʦʤʫ 

ʽ ʦʩʤʽʶ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʤʝʪʝʦʨʠʪʽʚ-ʭʦʥʜʨʠʪʽʚ (ʧʨʠʙʣʠʟʥʦ 500 ʤʣʥ.ʨ.ʪ. ʚ ʉʦʥʷʯʥʫ ʩʠʩʪʝʤʫ 

ʧʦʪʨʘʧʠʣʠ ʫʣʘʤʢʠ ʚʝʣʠʢʦʛʦ ʘʩʪʝʨʦʾʜʘ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʚʠʧʘʣʘ ʥʘ ɿʝʤʣʶ, ʱʦ ʧʽʜʚʠʱʠʣʦ 

ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʨʘʜʽʦʘʢʪʠʚʥʦʩʪʽ ʚ ʝʢʦʩʠʩʪʝʤʘʭ ʆʨʜʦʚʠʢʘ; ʩʴʦʛʦʜʥʽ ʚʝʣʠʢʽ ʦʩʢʦʣʢʠ ʮʴʦʛʦ 

ʘʩʪʝʨʦʾʜʘ ʫʪʚʦʨʶʶʪʴ ʘʩʪʝʨʦʾʜʥʫ ʨʦʜʠʥʫ ʌʣʦʨʠ); 

https://www.ncbi.nlm.nih.gov/pubmed/?term=McKenzie%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=27102480
https://www.ncbi.nlm.nih.gov/pubmed/?term=McKenzie%20NR%5BAuthor%5D&cauthor=true&cauthor_uid=27102480
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ʚ) ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʤʦʨʷ ʥʘ ʤʝʞʽ ʨʘʥʥʽʡ-ʩʝʨʝʜʥʽʡ ʆʨʜʦʚʠʢ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ 

ʛʝʦʛʨʘʬʽʯʥʦʾ ʽʟʦʣʷʮʽʾ ʦʨʛʘʥʽʟʤʽʚ ʫ ʤʽʣʢʦʚʦʜʥʠʭ ʤʦʨʷʭ ʽ ʩʧʨʠʷʣʦ ʚʠʜʦʫʪʚʦʨʝʥʥʶ ʚ ʮʠʭ 

ʣʦʢʘʣʴʥʠʭ ʚʦʜʦʡʤʘʭ. 

________________________________________________________________________________ 
 

*ʋ ʚʽʜʢʣʘʜʝʥʥʷʭ ʨʘʥʥʴʦʛʦ ʆʨʜʦʚʠʢʘ, ʚʽʢʦʤ ʧʨʠʙʣʠʟʥʦ 480 ʤʣʥ. ʨʦʢʽʚ, ʟʥʘʭʦʜʷʪʴ 

ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʝʦʨʠʪʽʚ ʽ ʢʦʩʤʽʯʥʦʛʦ ʧʠʣʫ. ʅʘʧʨʠʢʽʥʮʽ ɼʘʧʽʥʛʽʷ - ʚ ʘʩʪʝʨʦʜʾʥʦʤʫ 

ʧʦʷʩʽ ʟʨʫʡʥʫʚʘʣʦʩɹ ʚʝʣʠʢʝ ʭʦʥʜʨʠʪʥʝ ʪʽʣʦ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʧʘʜʽʥʥʷ ʤʝʪʝʦʨʠʪʽʚ-ʭʦʥʜʨʠʪʽʚ ʥʘ 

ɿʝʤʣʶ. ɺʚʘʞʘʶʪʴ, ʱʦ ʤʝʪʝʦʨʠʪʥʠʡ ʰʪʦʨʤ ʩʧʨʦʚʦʢʫʚʘʚ ʆʨʜʦʚʠʮʴʢʫ ʥʘʟʝʤʥʫ ʨʝʚʦʣʶʮʽʶ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ Schmitz ɺ. ʟ ʢʦʣʝʛʘʤʠ (1997), ʧʦʢʘʟʘʣʠ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʤʝʪʝʦʨʠʪʽʚ ʚ ʨʘʥʥʴʦ-ʆʨʜʦʚʠʮʴʢʠʭ ʚʽʜʢʣʘʜʝʥʥʷʭ ʥʘ ʦʜʠʥ - ʜʚʘ ʧʦʨʷʜʢʠ (ʪʦʙʪʦ ʚ 10 - 100 

ʨʘʟʽʚ) ʧʝʨʝʚʠʱʫʻ ʩʫʯʘʩʥʠʡ ʨʽʚʝʥʴ. ɸ ʘʥʘʣʽʟ ʽʟʦʪʦʧʽʚ ʦʩʤʽʶ ʽ ʽʨʠʜʽʶ ʚʠʷʚʠʚ ʚ 10 ʨʘʟʽʚ ʙʽʣʴʰʝ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ɿʝʤʣ̔ ʢʦʩʤʽʯʥʦʛʦ ʧʠʣʫ ʚ ʨʘʥʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʧʦʨʽʚʥʷʥʦ ʟ 

ʩʫʯʘʩʥʠʤ ʨʽʚʥʝʤ. ʈʦʟʧʘʜ ʨʝʥʽʶ-187 ʜʦ ʦʩʤʽʶ-187 ʜʘʻ ʨʽʟʥʫ ʽʟʦʪʦʧʥʫ ʢʦʤʧʦʟʠʮʽʶ ʦʩʤʽʶ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʽʜʨʽʟʥʠʪʠ ʜʝʪʨʠʪʥ̔ ʪʘ ʚʦʜʥ ̔ʜʞʝʨʝʣʘ ʦʩʤʽʶ ʚʽʜ ʢʦʩʤʽʯʥʦʛʦ ʪʘ ʤʘʥʪʽʡʥʦʛʦ ʜʞʝʨʝʣ. 

ʊʘʢ, ʚ ʜʝʪʨʠʪʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʟʦʪʦʧʽʚ 
187

Os/
186
Os ʧʨʠʙʣʠʟʥʦ ʩʢʣʘʜʘʻ 10,5, ʪʦʜʽ ʷʢ ʚ 

ʤʝʪʝʦʨʠʪʘʭ-ʭʦʥʜʨʠʪʘʭ (ʷʢ ʆʨʜʦʚʠʮʴʢʠʭ, ʪʘʢ ʽ ʩʫʯʘʩʥʠʭ) - 1,05. ɸʚʪʦʨʠ ʨʦʙʦʪʠ (Schmitz et al., 

1997) ʚʚʘʞʘʶʪʴ, ʱʦ ʟʥʘʯʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʩʤʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʚʽʜʢʣʘʜʝʥʥʷʭ ʨʘʥʥʴʦʛʦ 

ʆʨʜʦʚʠʢʫ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʫʡʥʫʚʘʥʥʷʤ L-ʭʦʥʜʨʠʪʥʦʛʦ ʢʦʩʤʽʯʥʦʛʦ ʪʽʣʘ, ʷʢʝ ʚʽʜʙʫʣʦʩʴ ʧʨʠʙʣʠʟʥʦ 

500 ʤʣʥ.ʨ.ʪ. (Bogard et al., 1995). 

 

ʊʘʙʣʠʮʷ. ʂʽʣʴʢʽʩʪʴ ʦʩʤʽʶ ʽ ʨʝʥʽʶ ʚ ʬʦʩʠʣʽʟʦʚʘʥʠʭ ʤʝʪʝʦʨʠʪʘʭ ʽ ʦʩʘʜʦʚʠʭ ʧʦʨʦʜʘʭ (ʟʘ Schmitz 

et al., 1997). 

ɿʨʘʟʢʠ: ʂ̔ʣɹ ʢʽʩʪʴ ʦʩʤ̫̔, Os, ʥʛ/ʛ ʂ̔ʣɹ ʢʽʩʪʴ ʨʝʥ̫̔, Re, ʥʛ/ʛ 

ʌʦʩʠʣʟ̔ʦʚʘʥ ̔ʤʝʪʝʦʨʠʪʠ 838 Ñ 8 25,3 Ñ 1,3 

ʆʩʘʜʦʚ̔ ʧʦʨʦʜʠ 0,0514 Ñ 0,0054 0,0233 Ñ 0,0012 

 

*ʍʨʦʤʽʪʠ ʧʦʟʘʟʝʤʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚ ʜʝʧʦʟʠʪʘʭ ʩʝʨʝʜʥʴʦʛʦ ʆʨʜʦʚʠʢʘ. ʋ 

ʚʽʜʢʣʘʜʝʥʥʷʭ ʩʝʨʝʜʥʴʦʛʦ ʆʨʜʦʚʠʢʘ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ L-ʭʦʥʜʨʠʪʽʚ. ʎʽ ʟʥʘʭʽʜʢʠ 

ʙʫʣʠ ʽʥʪʝʨʧʨʝʪʦʚʘʥʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʨʽʟʢʦʛʦ ʧʦʩʠʣʝʥʥʷ ʧʦʪʦʢʫ ʤʝʪʝʦʨʠʪʽʚ ʥʘ ɿʝʤʣʶ, 

ʚʠʢʣʠʢʘʥʦʛʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ ʘʩʪʝʨʦʾʜʘ. ʄʝʪʦʜ ʘʨʛʦʥʦʚʦʛʦ ʜʘʪʫʚʘʥʥʷ 40Ar-

39Ar L-ʭʦʥʜʨʠʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ L-ʭʦʥʜʨʠʪʥʦʛʦ ʘʩʪʝʨʦʾʜʘ ʩʪʘʣʦʩʴ ʧʨʠʙʣʠʟʥʦ 470 Ñ 

6 ʤʣʥ.ʨ.ʪ., ʘ ʩʝʨʝʜʥʴʦ-ʆʨʜʦʚʠʮʴʢʝ ʤʝʪʝʦʨʠʪʥʝ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ɿʝʤʣʽ ʜʘʪʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ 

467,3 Ñ 1,6 ʤʣʥ.ʨ.ʪ. ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ Korochantsev A.V. ʟ ʢʦʣʝʛʘʤʠ (2009), ʧʦʢʘʟʘʣʠ 

ʽʜʝʥʪʠʯʥʽʩʪʴ ʭʽʤʽʯʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʭʨʦʤʽʪʽʚ ʩʝʨʝʜʥʴʦ-ʆʨʜʦʚʠʮʴʢʦʛʦ ʚʽʢʫ ʫ ʚʽʜʢʣʘʜʝʥʥʷʭ ʈʦʩʽʾ ʽ 

ʚ ʜʝʧʦʟʠʪʘʭ ʐʚʝʮʽʾ ʽ ʚʽʜʤʽʥʥʽʩʪʴ ʾʭ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʽʜ ʢʦʤʧʦʟʠʮʽʾ ʟʝʤʥʠʭ ʫʣʴʪʨʘʤʘʬʽʯʥʠʭ 

ʧʦʨʽʜ. ɸʚʪʦʨʠ ʨʦʙʦʪʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʛʣʦʙʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʚʠʷʚʣʝʥʦʛʦ ʬʝʥʦʤʝʥʘ ʧʦʷʚʠ 

ʧʦʟʘʟʝʤʥʠʭ ʭʨʦʤʽʪʽʚ ʚ ʜʝʧʦʟʠʪʘʭ ʩʝʨʝʜʥʴʦʛʦ ʆʨʜʦʚʠʢʘ (ʟʘ Korochantsev et al., 2009). 

 

 
ʍʽʤʽʯʥʘ ʢʦʤʧʦʟʠʮʽʷ ʭʨʦʤʽʪ̔ʚ ʟ ʆʨʜʦʚʠʮʴʢʠʭ ʚʽʜʢʣʘʜʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʈʦʩʽʾ  ̔ʐʚʝʮʽʾ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʭʽʤʽʯʥʦʶ ʢʦʤʧʦʟʠʮʽʻʶ ʥʘʟʝʤʥʠʭ ʫʣʴʪʨʘʤʘʬʽʯʥʠʭ ʧʦʨʽʜ (ʟʘ Korochantsev et al., 2009). 



13 

 

ʆʨʜʦʚʠʮʴʢʘ ʨʝʚʦʣʶʮʽʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʥʝ ʙʫʣʘ ʟʘʧʫʱʝʥʘ ʤʘʩʦʚʘʥʠʤ ʧʘʜʽʥʥʷʤ 

ʥʘ ɿʝʤʣʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʝʪʝʦʨʠʪʽʚ-ʭʦʥʜʨʠʪʽʚ. ʂʘʪʘʩʪʨʦʬʽʯʥʝ ʨʫʡʥʫʚʘʥʥʷ L-ʭʦʥʜʨʽʪʥʦʛʦ 

ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʪʽʣʘ ʚ ʘʩʪʝʨʦʾʜʥʦʤʫ ʧʦʷʩʽ ʧʨʠʙʣʠʟʥʦ 470 ʤʣʥ.ʨ.ʪ. ʧʨʠʟʚʝʣʦ ʜʦ ʧʨʦʣʦʥʛʦʚʘʥʦʛʦ 

ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ ʦʩʢʦʣʢʘʤʠ ʟʨʫʡʥʦʚʘʥʦʛʦ ʘʩʪʝʨʦʾʜʘ. ʊʨʠʚʘʣʠʡ ʯʘʩ ʽʥʽʮʽʘʮʽʶ 

ʩʝʨʝʜʥʴʦ-ʆʨʜʦʚʠʮʴʢʦʾ ʈʝʚʦʣʶʮʽʾ ɹʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʚ'ʷʟʫʚʘʣʠ ʩʘʤʝ ʟ ʤʘʩʦʚʘʥʠʤ ʧʘʜʽʥʥʷʤ ʥʘ 

ɿʝʤʣʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʝʪʝʦʨʠʪʽʚ-ʭʦʥʜʨʠʪʽʚ. ʆʜʥʘʢ, Lindskog A. ʟ ʢʦʣʝʛʘʤʠ (2017) ʥʘ ʧʽʜʩʪʘʚʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʫʨʘʥ-ʩʚʠʥʮʝʚʦʛʦ ʜʘʪʫʚʘʥʥʷ ʮʠʨʢʦʥʽʚ, ʚʩʪʘʥʦʚʠʣʠ ʪʦʯʥʠʡ ʯʘʩ ʧʦʯʘʪʢʫ ʤʘʩʦʚʦʛʦ 

ʧʘʜʽʥʥʷ ʤʝʪʝʦʨʠʪʽʚ-ʭʦʥʜʨʠʪʽʚ ʥʘ ɿʝʤʣʶ (NB! ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ - ʦʪʨʠʤʘʥʽ ʜʘʪʫʚʘʥʥʷ 

ʩʧʽʚʧʘʜʘʶʪʴ ʽʟ ʨʦʟʨʘʭʫʥʢʘʤʠ Korochantsev et al., 2009): 467,50 Ñ 0,28 ʤʣʥ.ʨ.ʪ., ʪʦʙʪʦ ʥʘ 2,5 

ʤʣʥ. ʨʦʢʽʚ ʧʽʟʥʽʰʝ ʧʦʯʘʪʢʫ ʈʝʚʦʣʶʮʽʾ ɹʽʦʨʽʟʥʦʤʘʥʽʪʪʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʘʚʪʦʨʠ ʨʦʙʦʪʠ 

ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚ ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ ʤʘʩʦʚʝ ʧʘʜʽʥʥʷ ʥʘ ɿʝʤʣʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ 

ʤʝʪʝʦʨʠʪʽʚ-ʭʦʥʜʨʠʪʽʚ ʽ ʧʦʯʘʪʦʢ ʆʨʜʦʚʠʮʴʢʦʾ ʨʝʚʦʣʶʮʽʾ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ - ʮʝ ʙʫʣʠ ʜʚʽ 

ʥʝʟʘʣʝʞʥʠʭ ʧʦʜʽʾ ʚ ʽʩʪʦʨʽʾ ɿʝʤʣʽ (ʟʘ Lindskog et al., 2017). 

 

 
 

a - ʩʪʨʽʣʢʘʤʠ ʚʢʘʟʘʥʦ ʛʝʦʛʦʨʠʟʦʥʪ ʚʽʜʙʦʨʫ ʟʨʘʟʢʽʚ ʮʠʨʢʦʥʽʚ ʜʣʷ ʘʥʘʣʽʟʫ, 1 ʙʘʨ = 0,1 ʤ; b - ʤʽʥʝʨʘʣʠ 

ʮʠʨʢʦʥʠ, ʚʽʜʽʙʨʘʥʽ ʚ ʛʝʦʛʦʨʠʟʦʥʪ ̔ ʤʘʩʦʚʦʛʦ ʧʘʜʽʥʥʷ ʤʝʪʝʦʨʠʪʽʚ-ʭʦʥʜʨʠʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʐʚʝʮʽʾ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʆʨʜʦʚʠʢʫ, 1 ʙʘʨ = 100 ʤʢʤ. ɸʥʘʣʽʟ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ ʽ ʩʚʠʥʮʶ ʚ ʟʥʘʡʜʝʥʠʭ ʤʽʥʝʨʘʣʘʭ-

ʮʠʨʢʦʥʽʶ ʜʦʟʚʦʣʠʚ ʚʩʪʘʥʦʚʠʪʠ ʯʘʩ ʧʦʯʘʪʢʫ ʤʘʩʦʚʦʛʦ ʧʘʜʽʥʥʷ ʥʘ ɿʝʤʣʶ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʝʪʝʦʨʠʪʽʚ-

ʭʦʥʜʨʠʪʽʚ (ʟʘ Lindskog et al., 2017). 
 

 
ʋʨʘʥ-ʩʚʠʥʮʝʚʝ ʜʘʪʫʚʘʥʥʷ ʮʠʨʢʦʥʽʚ, ʚʽʜʽʙʨʘʥʠʭ ʚ ʤʽʩʮʷʭ ʤʘʩʦʚʘʥʦʛʦ ʧʘʜʽʥʥʷ ʤʝʪʝʦʨʠʪʽʚ-ʭʦʥʜʨʠʪʽʚ, 

ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʘʜʽʥʥʷ ʥʘ ɿʝʤʣʶ ʫʣʘʤʢʽʚ ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʘʩʪʝʨʦʾʜʥʦʛʦ ʪʽʣʘ ʧʦʯʘʣʦʩʷ - 

467,50 Ñ 0,28 ʤʣʥ.ʨ.ʪ., ʪʦʙʪʦ ʥʘ 2,5 ʤʣʥ. ʨʦʢʽʚ ʧʽʟʥʽʰʝ ʧʦʯʘʪʢʫ ʈʝʚʦʣʶʮʽʾ ɹʽʦʨʽʟʥʦʤʘʥʽʪʪʷ (ʟʘ Lindskog 

et al., 2017). 

 
*NB! ɺʝʣʠʢʘ ʆʨʜʦʚʠʮʴʢʘ ʧʦʜʽʷ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʧʦʯʘʣʘʩʷ ʙʣʠʟʴʢʦ 471 ʤʣʥ.ʨ.ʪ. ʽ ʪʨʠʚʘʣʘ 

ʧʨʦʪʷʛʦʤ ʧʨʠʙʣʠʟʥʦ 25 ʤʽʣʴʡʦʥʽʚ ʨʦʢʽʚ. ɿʘ ʮʝʡ ʧʝʨʽʦʜ ʥʘ ʧʣʘʥʝʪʽ ʚʽʜʙʫʣʦʩʷ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʯʠʩʣʘ 

ʚʠʜʽʚ ʤʦʨʩʴʢʠʭ ʽ ʥʘʟʝʤʥʠʭ ʦʨʛʘʥʽʟʤʽʚ (ʮʠʪʦʚʘʥʦ ʟʘ https://lenta.ru/news/2017/01/25/gobe/). ɯ ʷʢʱʦ 

ʤʝʪʝʦʨʠʪʥʝ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʧʨʦʪʷʛʦʤ ʩʝʨʝʜʥʴʦʛʦ ʆʨʜʦʚʠʢʘ ʽ ʥʝ ʙʫʣʦ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ ʽʥʽʮʽʶʚʘʚ 

ʆʨʜʦʚʠʮʴʢʫ ʈʝʚʦʣʶʮʽʶ ɹʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ï ʪʦ ʮʽʣʢʦʤ ʤʦʞʣʠʚʦ, ʱʦ ʪʘʢʝ ʽʥʪʝʥʩʠʚʥʝ ʤʝʪʝʦʨʠʪʥʝ 

ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʤʦʛʣʦ ʩʧʨʠʷʪʠ ʾʾ ʧʨʦʜʦʚʞʝʥʥʶ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʨʥʠʭ ʤʘʡʞʝ 20 ʤʣʥ. ʨʦʢʽʚ. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindskog%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28117834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindskog%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28117834

