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ʋɼʂ 558.24

ʅɽʆʇʈʆʊɽʈʆɿʆʁʉʂɸʗ ʊɽʂʊʆʅʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ ɽʅʀʉɽʁʉʂʆɻʆ ʂʈʗɾɸ  
ʀ ʌʆʈʄʀʈʆɺɸʅʀɽ ɿɸʇɸɼʅʆʁ ʆʂʈɸʀʅʓ ʉʀɹʀʈʉʂʆɻʆ ʂʈɸʊʆʅɸ ʅɸ ʆʉʅʆɺɽ  

ʅʆɺʓʍ ɻɽʆʃʆɻʀʏɽʉʂʀʍ, ʇɸʃɽʆʄɸɻʅʀʊʅʓʍ ʀ ɻɽʆʍʈʆʅʆʃʆɻʀʏɽʉʂʀʍ ɼɸʅʅʓʍ
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ʉʪʘʪʴʷ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦ-
ʣʦʞʝʥʠʷ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ ð ʢʣʶʯʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʟʘʧʘʜʥʦʡ 
ʦʢʨʘʠʥʳ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘ-
ʱʝʥʦ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʘʚ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʢʨʫʧʥʝʡʰʝʛʦ ʚ ʟʘʘʥʛʘʨʩʢʦʡ ʯʘʩʪʠ ɽʥʠʩʝʡʩʢʦʛʦ 
ʢʨʷʞʘ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. ʇʨʠʚʦʜʠʪʩʷ ʩʭʝʤʘ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʨʝʛʠʦʥʘ ʠ ʧʦ-
ʢʘʟʘʥ ʦʪʣʠʯʥʳʡ ʦʪ ʩʦʩʝʜʥʠʭ ʭʘʨʘʢʪʝʨ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. ɼʝʪʘʣʴʥʦ 
ʠʟʫʯʝʥʳ ʛʨʘʥʠʪʦʠʜʳ ɽʨʫʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʪʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʝ ʨʘʩʢʨʳʚʘʶʪ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣ-
ʣʠʟʠʦʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʧʨʦʷʚʣʝʥʥʳʝ ʚ ʵʪʦʤ ʪʝʨʨʝʡʥʝ, ʝʱʝ ʜʦ ʝʛʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʉʠʙʠʨʴʶ. 
ʇʨʠʚʦʜʷʪʩʷ ʥʦʚʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʛʨʘʥʠʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ U-Th-Pb ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʮʠʨʢʦʥʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʳʭ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʦʚ SHRIMP-II. ɼʣʷ ʛʨʘʥʠʪʦʚ ʚʳʧʦʣʥʝʥ 
ʢʦʤʧʣʝʢʩ ʧʝʪʨʦʤʘʛʥʠʪʥʳʭ ʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʜʣʷ ʥʠʭ 
ʧʘʣʝʦʤʘʛʥʠʪʥʳʡ ʧʦʣʶʩ ʟʥʘʯʠʤʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʪʨʘʝʢ-
ʪʦʨʠʠ ʢʘʞʫʱʝʛʦʩʷ ʜʚʠʞʝʥʠʷ (ʊʂɼʇ) ʉʠʙʠʨʠ, ʘ ʨʘʟʣʠʯʠʝ ʚ ʧʘʣʝʦʰʠʨʦʪʝ ʤʝʞʜʫ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʠʤ 
ʪʝʨʨʝʡʥʦʤ ʠ ʉʠʙʠʨʩʢʠʤ ʢʨʘʪʦʥʦʤ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘʥʠʪʦʚ ʪʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʦʩʪʘʚʣʷʣʦ ʥʝ ʤʝʥʝʝ 
8.6Á ʠʣʠ ʥʝ ʤʝʥʝʝ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʣʦʞʝʥʠʷ ʪʝʨʨʝʡʥʘ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʧʨʦʷʚ-
ʣʝʥʥʳʝ 880ð860 ʤʣʥ ʣʝʪ ʥʘʟʘʜ ʚ ʧʨʝʜʝʣʘʭ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʥʝ ʩʚʷʟʘʥʳ ʩ ʟʘʧʘʜʥʦʡ 
ʦʢʨʘʠʥʦʡ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʘ ʟʥʘʯʠʪ ʥʝ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʜʝʩʴ ʦʨʦʛʝʥʥʦʛʦ 
ʧʦʷʩʘ ʛʨʝʥʚʠʣʴʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʢʘʢ ʩʯʠʪʘʶʪ ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ.
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NEOPROTEROZOIC TECTONIC STRUCTURE OF THE YENISEI RIDGE AND FORMATION  
OF THE WESTERN MARGIN OF THE SIBERIAN CRATON BASED ON NEW GEOLOGICAL,  

PALEOMAGNETIC, AND GEOCHRONOLOGICAL DATA

V.A. Vernikovsky, D.V. Metelkin, A.E. Vernikovskaya, N.Yu. Matushkin, A.Yu. Kazansky,  
P.I. Kadilnikov, I.V. Romanova, M.T.D. Wingate, A.N. Larionov, and N.V. Rodionov 

There are continuing issues concerning the formation and reconstruction of the geographic position of 
the Neoproterozoic Yenisei Ridgeða key element of the western framing of the Siberian craton and the Central 
Asian orogenic belt. This study focuses on the inner structure, composition, and boundaries of the Central Ang-
ara terrane, which is the largest in the Transangarian segment of the Yenisei Ridge. We propose a scheme of fault 
deformation of the region and demonstrate that the fault tectonics of the Central Angara terrane is distinct from 
that of adjacent terranes. We study in detail the Yeruda pluton granitoids of the Teya complex, which indicate 
accretionary-collisional magmatic events in this terrane prior to its collision with Siberia. New geochemistry 
and SHRIMP UïThïPb zircon geochronology of the granites indicate that they formed in a collisional setting 
at 880ï860 Ma. Integrated petromagnetic and paleomagnetic investigations yield a paleomagnetic pole signiý-
cantly different from the corresponding Neoproterozoic interval of the apparent polar wander path (APWP) for 
Siberia. The difference in paleolatitudes between the Central Angara terrane and the Siberian craton at the time 

É ɺ.ɸ. ɺʝʨʥʠʢʦʚʩʢʠʡ* , ɼ.ɺ. ʄʝʪʝʣʢʠʥ, ɸ.ɽ. ɺʝʨʥʠʢʦʚʩʢʘʷ, ʅ.ʖ. ʄʘʪʫʰʢʠʥ, ɸ.ʖ. ʂʘʟʘʥʩʢʠʡ, ʇ.ʀ. ʂʘʜʠʣʴʥʠʢʦʚ,  
  ʀ.ɺ. ʈʦʤʘʥʦʚʘ, ʄ.ʊ.ɼ. ɺʠʥʛʝʡʪ, ɸ.ʅ. ʃʘʨʠʦʥʦʚ, ʅ.ɺ. ʈʦʜʠʦʥʦʚ, 2016
*e-mail: VernikovskyVA@ipgg.nsc.ru DOI: 10.15372/GiG20160104



64

of the Teya granites formation was at least 8.6 degrees, which equals a latitudinal separation of at least 1000 km. 
We consider various possible positions for the terrane relative to the Siberian craton. These results demonstrate 
that the 880ï860 Ma magmatic events in the Central Angara terrane are not related to events in the western 
margin of the Siberian craton. Therefore, they do not indicate the existence of a Grenville-age orogenic belt in 
this location, as proposed by some authors.

Tectonics, geodynamics, collision, terrane analysis, paleomagnetism, geochronology, Neoproterozoic, 
Siberian craton, Yenisei Ridge

ɺɺɽɼɽʅʀɽ

ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ, ʚʳʪʷʥʫʪʳʡ ʚʜʦʣʴ 
ʨ. ɽʥʠʩʝʡ, ʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʟʘʧʘʜʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ʎʝʥʪʨʘʣʴʥʦ-
ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦ-ʧʦʢʨʦʚʥʦʛʦ ʧʦʷʩʘ. ʇʦʵʪʦʤʫ ʨʘʩʰʠʬʨʦʚʢʘ ʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʫʩʣʦʚʠʡ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠ-
ʷʭ ɽʚʨʘʟʠʡʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ʣʠʪʦʩʬʝʨʳ [ɼʦʙʨʝʮʦʚ, ɿʦʥʝʥʰʘʡʥ, 1985; ɿʦʥʝʥʰʘʡʥ ʠ ʜʨ., 1990; Sengor et al., 
1993, 2014; ɼʠʜʝʥʢʦ ʠ ʜʨ., 1994; Dobretsov et al., 1995, 2003; Khain et al., 1997; ʍʘʠʥ, 2001; ɼʦʙʨʝʮʦʚ, 
2003; Vernikovsky et al., 2003, 2004; ɻʦʨʜʠʝʥʢʦ, 2006; ʄʝʪʝʣʢʠʥ ʠ ʜʨ., 2007, 2012; Li et al., 2008; Pisarevsky 
et al., 2008; ʍʝʨʘʩʢʦʚʘ ʠ ʜʨ., 2010].

ʕʪʘ ʢʨʫʧʥʘʷ ʢʦʣʣʠʟʠʦʥʥʦ-ʘʢʢʨʝʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʭʦʨʦʰʦ ʦʪʜʝʣʷʝʪʩʷ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʝʦʬʠ-
ʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʢʘʢ ʦʪ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʢ ʚʦʩʪʦʢʫ ʦʪ ʥʝʝ, ʪʘʢ ʠ ʦʪ ɿʘʧʘʜʥʦ-ʉʠ-
ʙʠʨʩʢʦʡ ʧʣʠʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʢ ʟʘʧʘʜʫ [ɻʣʠʢʦ, 1957; ʂʠʨʠʯʝʥʢʦ, 1963; ʂʨʳʣʦʚ ʠ ʜʨ., 1967; ʉʫʨʢʦʚ ʠ 
ʜʨ., 1996; ɹʝʣʷʝʚ, ɹʘʰʘʨʠʥ, 2001; ʉʪʘʨʦʩʝʣʴʮʝʚ ʠ ʜʨ., 2003; ɺʝʨʥʠʢʦʚʩʢʠʡ ʠ ʜʨ., 2009]. ʇʨʝʜʳʜʫʱʠʤʠ 
ʨʘʙʦʪʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ ʵʪʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʝʨʨʝʡʥʦʚ ʨʘʟʥʦʡ 
ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ [ɺʝʨʥʠʢʦʚʩʢʠʡ ʠ ʜʨ., 1999; Vernikovsky et al., 2003; ɺʝʨʥʠʢʦʚʩʢʠʡ, ɺʝʨʥʠ-
ʢʦʚʩʢʘʷ, 2006]. ʇʨʠʯʝʤ ʚ ʟʘʘʥʛʘʨʩʢʦʡ ʯʘʩʪʠ, ʢ ʩʝʚʝʨʫ ʦʪ ɸʥʛʘʨʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ ʨ. ɸʥʛʘʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʪʝʨʨʝʡʥʳ, ʩʣʦʞʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ð ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʠʡ (ʛʨʘ-
ʥʠʪʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ), ɺʦʩʪʦʯʥʦ-ɸʥʛʘʨʩʢʠʡ (ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ) ʠ ʀʩʘʢʦʚʩʢʠʡ 
(ʦʩʪʨʦʚʦʜʫʞʥʳʡ). ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʙʫʜʝʪ ʫʜʝʣʝʥʦ ʧʝʨʚʦʤʫ ʠʟ ʥʠʭ. ʅʘ ʦʩʥʦʚʝ 
ʘʥʘʣʠʟʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʠ ʧʨʦʷʚʣʝʥʥʦʛʦ ʚ ʝʛʦ ʧʨʝʜʝʣʘʭ ʛʨʘ-
ʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʘʚʪʦʨʳ ʫʞʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʚʳʩʢʘʟʳʚʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʤʦʛʣʦ ʧʨʦʠʩʭʦʜʠʪʴ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ [Vernikovsky et al., 2003; ɺʝʨʥʠʢʦʚʩʢʠʡ, 
ɺʝʨʥʠʢʦʚʩʢʘʷ, 2006], ʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʠ ʥʝʦʙʭʦʜʠʤʳ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʢʠʥʝʤʘʪʠʢʝ ʵʪʦʛʦ ʪʝʨʨʝʡʥʘ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʝ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠʤʝʝʪ ʧʨʠʥ
ʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʚʳʧʦʣʥʷʪʴ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩ-
ʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ʝʛʦ ʦʙʨʘʤʣʝʥʠʷ ʜʣʷ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʥʝʦʧʨʦʪʝʨʦʟʦʡʩ-
ʢʦʛʦ ʚʨʝʤʝʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʣʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʫʯʘʩʪʠʷ ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʳ ʢʨʘʪʦʥʘ 
ʚ ʛʨʝʥʚʠʣʴʩʢʠʭ ʢʦʣʣʠʟʠʦʥʥʳʭ ʩʦʙʳʪʠʷʭ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʧʝʨʢʦʥʪʠʥʝʥʪʘ ʈʦʜʠʥʠʷ 
[Dalziel, 1991; Powell, Meert, 2001; ʄʝʪʝʣʢʠʥ ʠ ʜʨ., 2005; Li et al., 2008; Pisarevsky et al., 2008]. ʂʘʢ ʧʦ-
ʢʘʟʘʥʦ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ, ʜʝʪʘʣʴʥʳʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ, ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʛʝʦʭʨʦʥʦʣʦʛʠ-
ʯʝʩʢʠʝ ʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʠʪʦʚ ɽʨʫʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʪʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʭʦʜʷʱʠʭ 
ʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʠʡ ʪʝʨʨʝʡʥ, ʘ ʪʘʢʞʝ ʦʙʱʠʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʝʛʦ ʩʪʨʦʝʥʠʷ, ʧʦʟʚʦʣʠ-
ʣʠ ʨʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ.

ʊɽʂʊʆʅʀʏɽʉʂʆɽ ʇʆʃʆɾɽʅʀɽ ʀ ɺʅʋʊʈɽʅʅʗʗ ʉʊʈʋʂʊʋʈɸ  
ʎɽʅʊʈɸʃʔʅʆ-ɸʅɻɸʈʉʂʆɻʆ ʊɽʈʈɽʁʅɸ

ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʠʡ ʪʝʨʨʝʡʥ, ʠʤʝʶʱʠʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴ 350ð400 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʚʳʭʦʜʘ 50ð
80 ʢʤ, ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʥʘʜʚʠʥʫʪʳʤ ʥʘ ʥʝʛʦ ʩ ʟʘʧʘʜʘ ʀʩʘʢʦʚʩʢʠʤ ʦʩʪʨʦʚʦʜʫʞ-
ʥʳʤ ʪʝʨʨʝʡʥʦʤ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʥʘ ʚʦʩʪʦʢʝ ɺʦʩʪʦʯʥʦ-ɸʥʛʘʨʩʢʠʤ ʪʝʨʨʝʡʥʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʬʨʘʛ-
ʤʝʥʪ ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʉʠʙʠʨʩʢʦʛʦ 
ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ (ʨʠʩ. 1). ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʷʚʣʷ-
ʶʪʩʷ ʢʨʫʧʥʝʡʰʠʝ ʚ ʨʝʛʠʦʥʝ ʟʦʥʳ ʨʘʟʣʦʤʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʟʙʨʦʩʦʥʘʜʚʠʛʦʚʦʡ ʧʨʠʨʦʜʳ ð ʇʨʠʝʥʠ-
ʩʝʡʩʢʘʷ ʠ ʊʘʪʘʨʩʢʦ-ʀʰʠʤʙʠʥʩʢʘʷ [Vernikovsky et al., 2003]. ʕʪʠ ʰʦʚʥʳʝ ʟʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠ-
ʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʘʥʦʤʘʣʠʡ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥʳ ʩ h ʠʨʦʢʠʤ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʳʭ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ [ʂʘʨʘʪʘʝʚ, 1961; 
ʉʫʨʢʦʚ ʠ ʜʨ., 1996; ʉʪʘʨʦʩʝʣʴʮʝʚ ʠ ʜʨ., 2003]. ɺʜʦʣʴ ʧʝʨʚʦʡ ʠʟ ʥʠʭ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʬʨʘʛʤʝʥʪʳ ʦʬʠʦ-
ʣʠʪʦʚ ʠ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʇʨʠʝʥʠʩʝʡʩʢʦʛʦ (ʀʩʘʢʦʚʩʢʦʛʦ) ʧʦʷʩʘ [ɿʦʥʝʥʰʘʡʥ ʠ ʜʨ., 1990; Vernikovsky et al., 
1993; ɺʦʣʦʙʫʝʚ, 1993; Khain et al., 1997], ʜʣʷ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥ U-Pb ʚʦʟʨʘʩʪ ʧʦ ʮʠʨʢʦʥʘʤ ʚ ʧʣʘʛʠʦ-
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ʈʠʩ. 1. ʉʭʝʤʘ ʜʠʟʲʶʥʢʪʠʚʥʦʡ ʪʝʢʪʦʥʠʢʠ ʠ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ɿʘʘʥʛʘʨʴʷ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷ-
ʞʘ, ʩʦʩʪʘʚʣʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ [ʂʘʯʝʚʩʢʠʡ ʠ ʜʨ., 1998; Vernikovsky et al., 2003; ɺʝʨʥʠʢʦʚʩʢʠʡ 
ʠ ʜʨ., 2009].
1 ð ʛʨʘʥʠʪʦʠʜʳ ʪʝʡʩʢʦʛʦ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (883ð861 ʤʣʥ ʣʝʪ); 2 ð ʛʨʘʥʠʪʳ ʠ ʣʝʡʢʦʛʨʘʥʠʪʳ ʘʷʭʪʠʥʩʢʦʛʦ ʩʠʥʢʦʣʣʠʟʠ-
ʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (761ð749 ʤʣʥ ʣʝʪ) (ʘ), ʣʝʡʢʦʛʨʘʥʠʪʳ ʛʣʫʰʠʭʠʥʩʢʦʛʦ ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (752ð718 ʤʣʥ ʣʝʪ) (ʙ); 
3 ð ʱʝʣʦʯʥʳʝ ʠ ʥʝʬʝʣʠʥʦʚʳʝ ʩʠʝʥʠʪʳ, ʠʡʦʣʠʪʳ, ʫʨʪʠʪʳ, ʪʨʘʭʠʪʳ ʠ ʢʘʨʙʦʥʘʪʠʪʳ ʪʘʪʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (711ð630 ʤʣʥ ʣʝʪ); 
4 ð ʦʬʠʦʣʠʪʳ ʧʦʨʦʜʳ ʀʩʘʢʦʚʩʢʦʛʦ (NP3) ʠ ʈʳʙʠʥʩʢʦ-ʇʘʥʠʤʙʠʥʩʢʦʛʦ (MP) ʧʦʷʩʦʚ; 5 ð ʚʟʙʨʦʩʳ ʠ ʥʘʜʚʠʛʠ; 6 ð ʩʙʨʦʩʳ; 7 ð ʫʩ-
ʪʘʥʦʚʣʝʥʥʘʷ ʣʝʚʦʩʪʦʨʦʥʥʷʷ ʩʜʚʠʛʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʨʘʟʣʦʤʦʚ; 8 ð ʨʘʟʣʦʤʳ ʥʝʷʩʥʦʡ ʢʠʥʝʤʘʪʠʢʠ ʠ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʨʦʜʦʣʞʝʥʠʷ 
ʨʘʟʣʦʤʦʚ; 9 ð ʢʨʫʧʥʝʡʰʠʝ ʨʘʟʣʦʤʳ ʠ ʩʫʪʫʨʳ. ɺ ʮʚʝʪʥʳʭ ʦʚʘʣʘʭ ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ U-Pb ʚʦʟʨʘʩʪʘ ʛʨʘʥʠʪʦʚ ʧʦ ʮʠʨʢʦʥʘʤ, ʚ ʤʣʥ 
ʣʝʪ [ɺʝʨʥʠʢʦʚʩʢʘʷ ʠ ʜʨ., 2002, 2003, 2004, 2006, 2007; ɺʝʨʥʠʢʦʚʩʢʠʡ ʠ ʜʨ., 2002; Vernikovsky et al., 2003, 2007; ʇʦʩʪʥʠʢʦʚ ʠ ʜʨ., 
2005; ʠ ʥʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ]. ɿʦʥʳ ʨʘʟʣʦʤʦʚ: ɸʥ ð ɸʥʛʘʨʩʢʘʷ, ʇ ð ʇʨʠʝʥʠʩʝʡʩʢʘʷ, ʀ ð ʀʰʠʤʙʠʥʩʢʘʷ, ʊ ð ʊʘʪʘʨʩʢʘʷ, ɸ ð ɸʥ-
ʢʠʥʦʚʩʢʘʷ, ʂ ð ʂʘʚʜʦʨʩʢʘʷ. ʅʘ ʚʨʝʟʢʝ ð ʪʝʨʨʝʡʥʳ: I ð ʀʩʘʢʦʚʩʢʠʡ, II ð ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʠʡ, III ð ɺʦʩʪʦʯʥʦ-ɸʥʛʘʨʩʢʠʡ, 
IV ð ʇʨʝʜʠʚʠʥʩʢʠʡ, V ð ɸʥʛʘʨʦ-ʂʘʥʩʢʠʡ. ɿʘʰʪʨʠʭʦʚʘʥʥʦʝ ʧʦʣʝ ð ʊʘʪʘʨʩʢʦ-ʀʰʠʤʙʠʥʩʢʘʷ ʟʦʥʘ. 1 ð ʛʨʘʥʠʮʳ ʪʝʨʨʝʡʥʦʚ.
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ʛʨʘʥʠʪʘʭ ð 697 Ñ 4 ʤʣʥ ʣʝʪ [ɺʝʨʥʠʢʦʚʩʢʠʡ ʠ ʜʨ., 2001], ʘ ʚ ʧʝʛʤʘʪʦʠʜʥʳʭ ʛʘʙʙʨʦʠʜʘʭ ð 682 Ñ 4 ʤʣʥ 
ʣʝʪ [ʂʫʟʴʤʠʯʝʚ ʠ ʜʨ., 2008]. ʅʘ ʛʨʘʥʠʮʝ ʩ ɺʦʩʪʦʯʥʦ-ɸʥʛʘʨʩʢʠʤ ʪʝʨʨʝʡʥʦʤ, ʚʜʦʣʴ ʀʰʠʤʙʠʥʩʢʦʛʦ ʥʘʜʚʠ-
ʛʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʰʫʠ ʠ ʧʦʢʨʦʚʳ ʦʬʠʦʣʠʪʦʚ ʈʳʙʠʥʩʢʦ-ʇʘʥʠʤʙʠʥʩʢʦʛʦ ʧʦʷʩʘ, ʭʦʨʦʰʦ ʦʙʥʘʞʝʥʥʳʝ ʚ 
ʧʨʘʚʦʤ ʙʦʨʪʫ ɸʥʛʘʨʳ [ʇʦʩʪʝʣʴʥʠʢʦʚ, ʍʝʨʘʩʢʦʚʘ, 1997; ʍʝʨʘʩʢʦʚʘ, 1999; Vernikovsky et al., 2000; ʏʝʨ-
ʥʳʭ, 2000; ʄʘʪʫʰʢʠʥ, 2010]. ʉʫʜʠʪʴ ʦ ʚʦʟʨʘʩʪʝ ʵʪʠʭ ʦʬʠʦʣʠʪʦʚ ʤʦʞʥʦ ʣʠʰʴ ʠʩʭʦʜʷ ʠʟ 39Ar/40Ar ʠʟʦʪʦʧ-
ʥʳʭ ʜʘʥʥʳʭ ʧʦ ʘʤʬʠʙʦʣʫ ʠ ʧʣʘʛʠʦʢʣʘʟʫ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʦʚ ʵʪʦʛʦ ʞʝ ʨʘʟʨʝʟʘ ð 1050ð
900 ʤʣʥ ʣʝʪ [Vernikovsky et al., 2000; ʏʝʨʥʳʭ, 2000], ʯʪʦ, ʩʢʦʨʝʝ, ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʚʨʝʤʷ ʘʢʢʨʝʮʠʠ ʵʪʠʭ 
ʦʬʠʦʣʠʪʦʚ ʢ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʤʫ ʪʝʨʨʝʡʥʫ. ɹʣʠʟʢʠʝ ʚʦʟʨʘʩʪʥʳʝ ʦʮʝʥʢʠ ʧʦ ʘʤʬʠʙʦʣʫ ʠʟ ʧʦʨʦʜ ʧʦ-
ʷʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʵʪʠʤ ʞʝ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʪʘʧ ʜʘʥʥʦʛʦ ʪʝʢʪʦʥʦʪʝʨ-
ʤʘʣʴʥʦʛʦ ʩʦʙʳʪʠʷ, ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʪʠʨʦʚʢʠ ð 1043 Ñ 12 [ʅʦʞʢʠʥ ʠ 
ʜʨ., 2008a], 1222 Ñ 14 [ʄʘʪʫʰʢʠʥ, 2010], 1183 Ñ 10, 1087 Ñ 11 ʤʣʥ ʣʝʪ [ʃʠʭʘʥʦʚ, ʈʝʚʝʨʜʘʪʪʦ, 2015].

ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʠʡ ʪʝʨʨʝʡʥ ʩʣʦʞʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ, 
ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩ-
ʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʪʝʡʩʢʦʡ (ʚʢʣʶʯʘʷ ʛʘʨʝʚʩʢʫʶ), ʩʫʭʦʧʠʪʩʢʦʡ ʠ ʪʫʥʛʫʩʠʢʩʢʦʡ ʩʝʨʠʡ [ʂʠʨʠʯʝʥʢʦ, 
1963; ɻʝʦʣʦʛʠʷé, 1985; ʂʘʯʝʚʩʢʠʡ ʠ ʜʨ., 1998]. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʝʨʚʦʡ ʠʟ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʛʣʠ-
ʥʦʟʝʤʠʩʪʳʝ ʢʠʘʥʠʪ (ʘʥʜʘʣʫʟʠʪ, ʩʠʣʣʠʤʘʥʠʪ)-ʩʪʘʚʨʦʣʠʪ-ʛʨʘʥʘʪʦʚʳʝ ʠ ʙʠʦʪʠʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʝ ʛʥʝʡʩʳ, 
ʢʦʪʦʨʳʝ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʩʤʝʥʷʶʪʩʷ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʤʠ ʩʣʘʥʮʘʤʠ, ʢʚʘʨʮʠʪʘ-
ʤʠ, ʘʤʬʠʙʦʣʠʪʘʤʠ ʠ ʤʨʘʤʦʨʘʤʠ. ʉʫʭʦʧʠʪʩʢʘʷ ʩʝʨʠʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʤʠ ʪʦʣ-
ʱʘʤʠ ð ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʧʦʣʠʤʠʢʪʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʛʨʘʚʝʣʠʪʦʚ, 
ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʘʤʠ ʠ ʬʠʣʣʠʪʘʤʠ ʦʪ ʟʝʣʝʥʳʭ ʜʦ ʪʝʤʥʦ-ʩʝʨʳʭ ʠ ʯʝʨʥʳʭ, ʢʦʪʦʨʳʝ ʣʠʰʴ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ 
ʩʝʨʠʠ ʩʤʝʥʷʶʪʩʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʇʝʨʝʢʨʳʚʘʶʱʘʷ ʝʝ ʪʫʥʛʫʩʠʢʩʢʘʷ ʩʝʨʠʷ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʠʟʚʝʩʪʢʦʚʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ, ʢʦʪʦʨʳʝ ʟʘʤʝ-
ʱʘʶʪʩʷ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʜʦʣʦʤʠʪʘʤʠ ʚ ʚʝʨʭʥʠʭ. ʇʦ ʩʦʩʪʘʚʫ ʚʩʝ ʵʪʠ ʪʦʣʱʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʣʦʞʝʥʠʷʤ 
ʧʘʩʩʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ. ʋʨʦʚʝʥʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʜʣʷ ʥʠʞʥʠʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ 
ʜʦʩʪʠʛʘʝʪ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʡ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʡʩʢʘʷ ʩʝʨʠʷ), ʘ ʜʣʷ 
ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʫʭʦʧʠʪʩʢʦʡ ʠ ʪʫʥʛʫʩʠʢʩʢʦʡ ʩʝʨʠʡ ð ʥʝ ʧʨʝʚʳʰʘʝʪ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ [ɹʦʚʠʥ, 
1982; ɻʝʦʣʦʛʠʷé, 1985; ʂʦʟʣʦʚ, ʃʝʧʝʟʠʥ, 1995; Vernikovsky et al., 2003; ʃʠʭʘʥʦʚ, ʈʝʚʝʨʜʘʪʪʦ, 2014].

ɺʦʧʨʦʩʳ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʚʳʜʝʣʷʝʤʳʭ ʩʝʨʠʡ, ʠʭ ʚʦʟʨʘʩʪʘ ʠ ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 
ʚʩʝʛʜʘ ʙʳʣʠ ʦʩʪʨʦ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ ʚ ʩʠʣʫ ʧʦʧʳʪʦʢ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʙʣʠʟʢʠʝ ʧʦ ʩʦʩʪʘʚʫ ʦʪʣʦʞʝʥʠʷ ʚ ʪʘʢ 
ʥʘʟʳʚʘʝʤʳʭ ʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥʘʭ [ʇʦʩʪʝʣʴʥʠʢʦʚ, 1980; ʈʝʛʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳé, 
1999; ʍʦʤʝʥʪʦʚʩʢʠʡ, 2007], ʪ. ʝ. ʚ ʨʘʟʥʳʭ ʧʦ ʩʚʦʝʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʤʫ 
ʧʦʣʦʞʝʥʠʶ ʪʝʨʨʝʡʥʘʭ [ɺʝʨʥʠʢʦʚʩʢʠʡ ʠ ʜʨ., 2009]. ʂ ʜʨʫʛʦʡ ʢʘʪʝʛʦʨʠʠ ʦʰʠʙʦʢ ʦʪʥʦʩʠʪʩʷ ʩʪʨʝʤʣʝʥʠʝ 
ʘʚʪʦʨʦʚ ʢ çʥʘʨʘʱʠʚʘʥʠʶ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘè ʠ ʧʦʠʩʢʘʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʨʭʝʡʩʢʠʭ ʠ ʨʘʥʥʝʧʨʦʪʝʨʦ-
ʟʦʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʦʩʦʙʝʥʥʦ ʩʨʝʜʠ ʚʳʩʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ [ʂʘʯʝʚʩʢʠʡ ʠ ʜʨ., 1994, 1998]. 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨ-
ʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʧʨʦʨʳʚʘʶʪʩʷ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʪʝʡʩʢʦʛʦ, ʘʷʭʪʠʥʩʢʦʛʦ, ʛʣʫʰʠʭʠʥʩʢʦ-
ʛʦ ʠ ʪʘʪʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ (ʩʤ. ʨʠʩ. 1, 2), ʧʨʝʮʠʟʠʦʥʥʦʝ ʜʘʪʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʠ ʦ 
ʚʦʟʨʘʩʪʝ ʚʤʝʱʘʶʱʠʭ ʠʭ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʩʝʨʠʡ [Vernikovsky et al., 2003, 2007; ɺʝʨʥʠʢʦʚʩ-
ʢʠʡ, ɺʝʨʥʠʢʦʚʩʢʘʷ, 2006; ɺʝʨʥʠʢʦʚʩʢʠʡ ʠ ʜʨ., 2008; ʈʦʤʘʥʦʚʘ ʠ ʜʨ., 2012]. ʋʚʝʨʝʥʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʪʦʣʴʢʦ ʦ ʪʦʤ, ʯʪʦ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʜʨʝʚʥʝʝ ʧʨʦʨʳʚʘʶʱʠʭ ʠʭ ʛʨʘʥʠʪʦʚ ʩ ʤʘʢʩʠʤʘʣʴ-
ʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʚʦʟʨʘʩʪʦʤ 880 ʤʣʥ ʣʝʪ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʪʝʡʩʢʦʡ 
(ʚʢʣʶʯʘʷ ʛʘʨʝʚʩʢʫʶ) ʠ ʩʫʭʦʧʠʪʩʢʦʡ ʩʝʨʠʡ ʫʩʣʦʚʥʦ ʦʪʥʝʩʝʥʳ ʢ ʤʝʟʦʥʝʦʧʨʦʪʝʨʦʟʦʶ. ʂʘʢʠʭ-ʣʠʙʦ ʢʦʨʨʝʢ-
ʪʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ (ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʠʣʠ ʪʝʤ ʙʦʣʝʝ ʘʨʭʝʡʩʢʦʛʦ) ʚʦʟʨʘʩʪʘ ʦʩʘʜʦʯ-
ʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʪʦʣʱ ʚ ɿʘʘʥʛʘʨʴʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʆʪʣʦʞʝʥʠʷ ʪʝʡʩʢʦʡ, ʩʫʭʦʧʠʪʩʢʦʡ ʠ ʪʫʥʛʫʩʠʢʩʢʦʡ 
ʩʝʨʠʡ ʪʝʨʨʝʡʥʘ ʥʝʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʧʦʟʜʥʝʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠ-
ʤʠ-ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʯʠʥʛʘʩʘʥʩʢʦʡ, ʚʦʨʦ-
ʛʦʚʩʢʦʡ, ʯʘʧʩʢʦʡ ʩʝʨʠʡ ʠ ʠʭ ʚʦʟʨʘʩʪʥʳʭ ʘʥʘʣʦʛʦʚ [ʍʦʤʝʥʪʦʚʩʢʠʡ ʠ ʜʨ., 1972; ʈʝʛʠʦʥʘʣʴʥʳʝ ʩʭʝʤʳé, 
1999].

ʉʦʛʣʘʩʥʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʙʣʦʢ ʤʝʞʜʫ ʇʨʠʝʥʠʩʝʡʩʢʦʡ ʠ ʀʰʠʤʙʠʥ-
ʩʢʦʡ ʩʫʪʫʨʘʤʠ ʥʘ ʛʣʫʙʠʥʝ ʠʤʝʝʪ ʛʨʠʙʦʦʙʨʘʟʥʫʶ ʠ ʯʝʰʫʡʯʘʪʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʚʝʝʨ-
ʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʩʤʝʩʪʠʪʝʣʝʡ ʢʨʫʧʥʳʭ ʧʨʦʜʦʣʴʥʳʭ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ [ʉʪʘʨʦʩʝʣʴʮʝʚ ʠ 
ʜʨ., 2003]. ʆʛʨʘʥʠʯʠʚʘʶʱʠʝ ʝʛʦ ʰʚʳ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʢʘʢ ʤʠʥʠʤʫʤ ʜʦ 15ð25 ʢʤ, ʛʜʝ ʦʥʠ 
ʚʳʧʦʣʘʞʠʚʘʶʪʩʷ ʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʩʫʪʫʨʦʡ ʤʝʞʜʫ ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʦʡ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷ-
ʞʘ ʠ ʬʫʥʜʘʤʝʥʪʦʤ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ. ʇʦʤʠʤʦ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʎʝʥ-
ʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʣʶʙʦʧʳʪʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʝʛʦ ʜʝʬʦʨʤʘʮʠʡ ʩ ʪʘʢʦʚʳʤʠ ʩʦʩʝʜʥʠʭ 
ʪʝʨʨʝʡʥʦʚ (ʩʤ. ʨʠʩ. 1). ʊʘʢ, ʜʝʬʦʨʤʘʮʠʠ ɺʦʩʪʦʯʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʜʝʬʦʨʤʠʨʦ-
ʚʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʯʝʭʣʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʚʥʝʰʥʝʡ ʟʦʥʦʡ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ), ʧʦʣʥʦʩʪʴʶ ʩʦʦʪ-
ʚʝʪʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʫ ʧʨʦʜʦʣʴʥʦʛʦ ʩʞʘʪʠʷ ʩ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʳ. ɿʜʝʩʴ ʜʝʬʦʨʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʰʫʡ-
ʯʘʪʦ-ʥʘʜʚʠʛʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚ ʢʦʪʦʨʦʡ ʣʠʥʝʡʥʳʝ ʩʢʣʘʜʢʠ ʉʉɿ ʧʨʦʩʪʠʨʘʥʠʷ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʩʦʥʘʧʨʘʚ-
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ʣʝʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʚʟʙʨʦʩʦʥʘʜʚʠʛʦʚʦʡ ʢʠʥʝʤʘʪʠʢʠ ʩ ʧʣʦʩʢʦʩʪʷʤʠ ʩʤʝʩʪʠʪʝʣʝʡ, ʧʘʜʘʶʱʠʤʠ ʥʘ ʟʘʧʘʜ. 
ʇʨʠ ʵʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʣʠʢʘʪʠʚʥʦʡ ʠ ʜʠʟʴʶʥʢʪʠʚʥʦʡ ʪʝʢʪʦʥʠʢʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʉɿ ʥʘ ʖɺ. ʕʪʦ ʩʦʛʣʘ-
ʩʫʝʪʩʷ ʩ ʦʪʤʝʯʝʥʥʳʤ ʪʨʝʥʜʦʤ ʦʤʦʣʦʞʝʥʠʷ ʪʝʢʪʦʥʦʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʤʦʞʝʪ 
ʙʳʪʴ ʦʪʥʝʩʝʥʦ ʢ ʛʨʫʧʧʝ ʧʨʠʟʥʘʢʦʚ ʢʦʩʦʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʢʦʣʣʠʟʠʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʠ 
ʉʠʙʠʨʠ.

ʉʪʨʫʢʪʫʨʘ ʩʘʤʦʛʦ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʣʦʞʥʦʩ-
ʪʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʣʠʯʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʣʦʤʦʚ ʉɺ ʧʨʦʩʪʠʨʘʥʠʷ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʩʢʣʘ-
ʜʦʢ (ʩʤ. ʨʠʩ. 1). ʂʨʦʤʝ ʪʦʛʦ, ʪʦʣʴʢʦ ʜʣʷ ʵʪʦʛʦ ʪʝʨʨʝʡʥʘ ɿʘʘʥʛʘʨʴʷ ʭʘʨʘʢʪʝʨʥʳ ʚʟʙʨʦʩʳ ʩ ɺ ʠ ʉɺ ʧʘʜʝʥʠ-
ʝʤ ʩʤʝʩʪʠʪʝʣʷ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʫʞʝ ʦʧʠʩʘʥʥʫʶ ʛʨʠʙʦʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʧʨʦʜʦʣʴʥʳʝ ʨʘʟʣʦʤʳ ʢʘʢ ʉɺ, ʪʘʢ ʠ ʖɿ ʧʘʜʝʥʠʷ ʠʤʝʶʪ ʩʙʨʦʩʦʚʫʶ ʢʠʥʝʤʘʪʠʢʫ [ʂʘʯʝʚʩʢʠʡ ʠ ʜʨ., 1998]; 
ʨʘʟʣʦʤʳ ʯʘʩʪʦ ʠʟʦʛʥʫʪʳ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʪʦʨʠʯʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳ. ɼʝʪʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ, ʧʨʦʚʝʜʝʥʥʳʝ ʚ ʧʨʝʜʝʣʘʭ ʩʨʝʜʥʝʡ ʠ ʶʞʥʦʡ ʯʘʩʪʝʡ ʊʘʪʘʨʩʢʦ-ʀʰʠʤ-

ʈʠʩ. 2. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʨʘʡʦʥʘ ʤʝʞʜʫʨʝʯʴʷ ʏʠʨʠʤʙʳ ʠ ɽʨʫʜʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠ ʜʦʧʦʣʥʝ-
ʥʠʝʤ [ʂʘʯʝʚʩʢʠʡ ʠ ʜʨ., 1998; ɺʝʨʥʠʢʦʚʩʢʘʷ ʠ ʜʨ., 2002].
1 ð ʯʝʪʚʝʨʪʠʯʥʘʷ ʩʠʩʪʝʤʘ; 2 ð ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʧʝʩʯʘʥʠʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ (ʪʘʩʝʝʚʩʢʘʷ ʩʝʨʠʷ, ʚʝʥʜ); 3, 4 ð ʤʝʟʦʥʝʦʧʨʦʪʝʨʦ-
ʟʦʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ: 3 ð ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʣʘʥʮʳ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ, ʠʟʚʝʩʪʥʷʢʠ (ʩʫʭʦʧʠʪʩʢʘʷ ʩʝʨʠʷ); 
4 ð ʤʨʘʤʦʨʳ, ʢʚʘʨʮʠʪʳ, ʛʥʝʡʩʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʘʤʬʠʙʦʣʠʪʳ (ʪʝʡʩʢʘʷ ʩʝʨʠʷ); 5 ð ʩʣʘʙʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʦʪʣʦ-
ʞʝʥʠʷ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʳ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ; 6 ð ʛʨʘʥʠʪʦʠʜʳ ʏʠʨʠʤʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (761 ʤʣʥ ʣʝʪ) ʘʷʭʪʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 
7 ð ʛʨʘʥʦʜʠʦʨʠʪʳ, ʛʨʘʥʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ɽʨʫʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʪʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (883ð861 ʤʣʥ ʣʝʪ); 
8 ð ʘʤʬʠʙʦʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʛʘʙʙʨʦʠʜʳ (ʠʥʜʳʛʣʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ); 9 ð ʛʨʘʥʠʮʳ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʥʪʘʢʪʘ 
(ʘ), ʛʨʘʥʠʮʳ ʥʝʩʦʛʣʘʩʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʦʪʣʦʞʝʥʠʡ (ʙ); 10 ð ʚʟʙʨʦʩʦʥʘʜʚʠʛʠ (ʘ), ʧʨʦʯʠʝ ʨʘʟʣʦʤʳ (ʙ), ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʨʘʟʣʦʤʳ (ʚ); 
11 ð ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ; 12 ð ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ (ʩʤ. ʪʘʙʣ. 1). ʎʠʬʨʳ ʚ ʨʘʤʢʘʭ ð U-Pb ʚʦʟʨʘʩʪʥʳʝ ʦʮʝʥʢʠ (ʤʣʥ ʣʝʪ) ʜʣʷ 
ʮʠʨʢʦʥʦʚ (SHRIMP ʜʘʥʥʳʝ, ʵʪʘ ʨʘʙʦʪʘ). ʂʨʫʧʥʳʝ ʜʠʟʲʶʥʢʪʠʚʳ: ʀ ð ʀʰʠʤʙʠʥʩʢʠʡ ʰʦʚ, ʇʥ ð ʇʘʥʠʤʙʠʥʩʢʠʡ ʥʘʜʚʠʛ.
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ʙʠʥʩʢʦʡ ʰʦʚʥʦʡ ʟʦʥʳ [ʄʘʪʫʰʢʠʥ, 2010], ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʜʚʫʭ ʵʪʘʧʦʚ ʜʝʬʦʨʤʘʮʠʡ ʧʨʦʜʦʣʴʥʦʛʦ 
ʩʞʘʪʠʷ ʩʫʙʰʠʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ, ʧʨʠʯʝʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ 
ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ ʵʪʘʧʦʚ ʠʤʝʶʪ ʣʝʚʦʩʪʦʨʦʥʥʶʶ ʩʜʚʠʛʦʚʫʶ ʢʦʤʧʦʥʝʥʪʫ. ʃʝʚʦʩʪʦʨʦʥʥʠʝ ʩʜʚʠʛʦʚʳʝ 
ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʳʡ ʢʦʩʦʡ ʭʘʨʘʢʪʝʨ ʢʦʣʣʠʟʠʠ, ʘ ʛʨʠʙʦʦʙʨʘʟʥʘʷ ʬʦʨʤʘ ʦʨʦʛʝʥʘ ʤʦ-
ʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʦʙʩʪʘʥʦʚʢʫ ʪʨʘʥʩʧʨʝʩʩʠʠ.

ʆʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʦʪʤʝʯʘʶʪʩʷ ʠ ʚ ʨʘʟʤʝʱʝʥʠʠ ʛʨʘʥʠʪʦʠʜʦʚ ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʦʛʦ 
ʪʝʨʨʝʡʥʘ. ɺ ʩʪʨʫʢʪʫʨʝ ʪʝʨʨʝʡʥʘ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʤʘʩʩʠʚʳ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ɿʘʘʥʛʘ-
ʨʴʷ, ʚʳʜʝʣʷʝʤʳʭ ʚ ʪʝʡʩʢʠʡ ʢʦʤʧʣʝʢʩ [ʂʦʤʦʚ, 1969]. ʆʥʠ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʚ ʩʝʚʝʨʥʦʡ ʧʦʣʦʚʠʥʝ ʪʝʨ-
ʨʝʡʥʘ ʠ ʥʝ ʠʤʝʶʪ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʢʦʥʦʤʝʨʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ (ʩʤ. ʨʠʩ. 1). ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʙʦʣʝʝ ʧʦʟʜʥʠʝ 
ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʛʨʘʥʠʪʦʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʜʦʣʴ ʰʦʚʥʳʭ ʟʦʥ ʠ ʨʘʟʣʦʤʦʚ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʷʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʫʜʣʠʥʝʥʠʷ ʤʘʩʩʠʚʦʚ. 
ʂʨʦʤʝ ʪʦʛʦ, ʤʘʩʩʠʚʳ ʪʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʯʘʩʪʦ ʥʝʩʫʪ ʧʨʠʟʥʘʢʠ ʩʣʦʞʥʳʭ, ʚʦʟʤʦʞʥʦ ʤʥʦʛʦʵʪʘʧʥʳʭ, 
ʩʢʣʘʜʯʘʪʳʭ ʜʝʬʦʨʤʘʮʠʡ. ʇʦʩʣʝʜʥʠʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʠʟʛʠʙʘʥʠʠ ʢʦʥʪʘʢʪʦʚ ʤʘʩʩʠʚʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 
ʩʢʣʘʜʯʘʪʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ [ʂʘʯʝʚʩʢʠʡ ʠ ʜʨ., 1998]. ʊʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥ-
ʥʘʷ ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʩʪʴ ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʦʚ ʨʘʟʣʦʤʘʤʠ ʦʙʝʠʭ ʛʨʫʧʧ (ʉɿ ʠ ʉɺ ʧʨʦʩʪʠʨʘʥʠʷ). U-Pb ʚʦʟ-
ʨʘʩʪ ʊʝʡʩʢʦʛʦ, ʂʘʣʘʤʠʥʩʢʦʛʦ ʠ ɽʨʫʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʚ ʠʥʪʝʨʚʘʣʝ 
878ð857 ʤʣʥ ʣʝʪ [ʅʦʞʢʠʥ ʠ ʜʨ., 1999; ɺʝʨʥʠʢʦʚʩʢʘʷ ʠ ʜʨ., 2002; Vernikovsky et al., 2007], ʯʪʦ ʩʫʱʝʩʪ-
ʚʝʥʥʦ ʜʨʝʚʥʝʝ ʛʨʘʥʠʪʦʚ ʘʷʭʪʠʥʩʢʦʛʦ (ʢʦʣʣʠʟʠʦʥʥʦʛʦ) ʠ ʛʣʫʰʠʭʠʥʩʢʦʛʦ (ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʦʛʦ) ʢʦʤʧʣʝʢ-
ʩʦʚ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 761ð749 ʠ 752ð718 ʤʣʥ ʣʝʪ ʥʘʟʘʜ [ɺʝʨʥʠʢʦʚʩʢʘʷ ʠ ʜʨ., 2002, 2003, 
2006, 2007; ɺʝʨʥʠʢʦʚʩʢʠʡ, ɺʝʨʥʠʢʦʚʩʢʘʷ, 2006].

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʥʘʣʠʯʠʝ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʪʨʫʢʪʫʨʥʳʡ ʢʦʥʪʨʦʣʴ 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʦʜʥʦʟʥʘʯʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʰʦʚʥʫʶ ʧʨʠʨʦʜʫ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʎʝʥʪʨʘʣʴʥʦ-
ɸʥʛʘʨʩʢʠʤ ʪʝʨʨʝʡʥʦʤ ʠ ʦʢʨʘʠʥʦʡ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ.

ɻʈɸʅʀʊʓ ɽʈʋɼʀʅʉʂʆɻʆ ʄɸʉʉʀɺɸ

ɻʨʘʥʠʪʳ ɽʨʫʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʜʣʷ ʜʝʪʘʣʴʥʳʭ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠ-
ʤʠʯʝʩʢʠʭ, ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʢʘʢ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʥʝʝ ʨʘʙʦʪʳ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 100ð120 ʤʣʥ ʣʝʪ ʨʘʥʴʰʝ, ʯʝʤ ʢʦʣʣʠʟʠʦʥʥʳʭ ʠ ʧʦʩʪʢʦʣ-
ʣʠʟʠʦʥʥʳʭ ʛʨʘʥʠʪʦʚ ʘʷʭʪʠʥʩʢʦʛʦ ʠ ʛʣʫʰʠʭʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʟʥʘʯʠʪ, ʚʝʨʦʷʪʥʦ, ʝʱʝ ʟʘ ʧʨʝʜʝʣʘʤʠ 
ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʧʝʪʨʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʛʨʘʥʠʪʦʚ ʫʢʘʟʳʚʘʣʠ ʥʘ ʭʦ-
ʨʦʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ.

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ. ɽʨʫʜʠʥʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʥ-
ʛʘʨʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʚ ʧʨʝʜʝʣʘʭ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʊʘʪʘʨʩʢʦ-ʀʰʠʤʙʠʥʩʢʦʡ ʰʦʚʥʦʡ ʟʦʥʳ (ʩʤ. ʨʠʩ. 1, 2). ʆʩ-
ʥʦʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʠʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʵʪʦʛʦ ʤʘʩʩʠʚʘ (ʩʤ. ʨʠʩ. 2), ʚ 
ʢʦʨʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ ʨ. ʏʠʨʠʤʙʘ, ʚ 8ð12 ʢʤ ʚʳʰʝ ʝʝ ʩʣʠʷʥʠʷ ʩ ɽʨʫʜʦʡ, ʘ ʪʘʢʞʝ ʚ ʙʦʣʝʝ ʤʝʣʢʠʭ ʪʝʣʘʭ 
ʛʨʘʥʠʪʦʚ, ʦʙʥʘʞʘʶʱʠʭʩʷ ʚ ʣʝʚʦʙʝʨʝʞʴʝ ɽʨʫʜʳ, ʚʙʣʠʟʠ ʧʦʩ. ʅʦʚʦʝʨʫʜʠʥʩʢʠʡ ʠ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ɽʨʫ-
ʜʳ ʫ ʩʣʠʷʥʠʷ ʝʝ ʩ ʨʫʯ. ʄʘʣ. ʄʘʷʢʦʥ. ʌʦʨʤʘ ʚʳʭʦʜʦʚ ʛʨʘʥʠʪʦʚ, ʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʧʣʦʱʘʜʠ, 
ʘ ʪʘʢʞʝ ʠʟʚʠʣʠʩʪʳʝ ʬʦʨʤʳ ʢʦʥʪʘʢʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʠ ʙʦʣʴʰʦʡ 
ʦʙʲʝʤ ʚʥʝʜʨʠʚʰʠʭʩʷ ʛʨʘʥʠʪʦʠʜʦʚ. ɺʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʩʫʭʦʧʠʪʩʢʦʡ ʠ 
ʪʝʡʩʢʦʡ ʩʝʨʠʡ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʡ. ʆʥʠ 
ʩʤʷʪʳ ʚ ʯʝʰʫʡʯʘʪʦ-ʥʘʜʚʠʛʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʀʰʠʤʙʠʥʩʢʘʷ ʩʫʪʫʨʘ 
ʠ ʇʘʥʠʤʙʠʥʩʢʠʡ ʨʘʟʣʦʤ, ʠʤʝʶʱʠʝ ʚʩʪʨʝʯʥʳʝ ʟʘʣʝʛʘʥʠʷ ʩʤʝʩʪʠʪʝʣʝʡ. ɼʝʬʦʨʤʘʮʠʠ, ʩʚʷʟʳʚʘʝʤʳʝ ʩ ʇʘ-
ʥʠʤʙʠʥʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʧʨʦʷʚʣʝʥʳ ʚ ʚʠʜʝ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʟʚʠʪʦʡ ʦʪʜʝʣʴʥʦʩʪʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠ-
ʨʘʥʠʷ ʩʦ ʩʨʝʜʥʠʤʠ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ. ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʝ ʤʝʞʜʫ ʇʘʥʠʤʙʠʥʩʢʠʤ ʥʘʜ-
ʚʠʛʦʤ ʠ ʀʰʠʤʙʠʥʩʢʠʤ ʰʚʦʤ ʚ ʣʝʚʦʤ ʙʦʨʪʫ ʨ. ɽʨʫʜʘ (ʩʤ. ʨʠʩ. 2, ʪʦʯʢʘ 1) ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʦʙʥʘʞʝʥʠʠ 
ʚʜʦʣʴ ʘʚʪʦʜʦʨʦʛʠ ʚʩʢʨʳʪʘ ʪʦʣʱʘ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ, ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʭ ʠ ʢʚʘʨʮ-ʙʠʦ-
ʪʠʪ-ʩʝʨʠʮʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʩ ʛʨʘʬʠʪʦʤ ʠ ʛʨʘʥʘʪʦʤ, ʚʤʝʱʘʶʱʘʷ ʣʠʥʟʳ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʤʝʪʘʛʘʙʙʨʦʠʜʦʚ. 
ɿʘʣʝʛʘʥʠʝ ʪʦʣʱʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʣʘʥʮʝʚʘʪʦʩʪʴʶ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦ, ʘʟʠʤʫʪ ʧʨʦʩʪʠʨʘʥʠʷ 40ð220Á. ɺ ʪʘʢʠʭ 
ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʟʦʥʘʭ ʚʷʟʢʦʧʣʘʩʪʠʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ 
(ʜʝʬʦʨʤʘʮʠʷ ʩʣʘʥʮʝʚʘʪʦʩʪʠ, ʜʝʣʴʪʘ-ʩʪʨʫʢʪʫʨʳ, ʪʝʥʠ ʜʘʚʣʝʥʠʷ ʚʦʢʨʫʛ ʧʦʨʬʠʨʦʙʣʘʩʪʦʚ ʛʨʘʥʘʪʘ, ʚʨʘʱʝ-
ʥʠʝ ʟʝʨʝʥ, ʙʫʜʠʥʘʞ ʩʣʦʝʚ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ, ʚʟʙʨʦʩʦʚʫʶ ʢʦʤʧʦʥʝʥʪʫ ʩʤʝʱʝʥʠʷ. ɼʝʬʦʨʤʘ-
ʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʜʦʣʴʥʦʤʫ ʩʞʘʪʠʶ ʚ ʚʠʩʷʯʝʤ ʢʨʳʣʝ ʇʘʥʠʤʙʠʥʩʢʦʛʦ ʥʘʜʚʠʛʘ, ʦʧʨʝʜʝʣʷʷ ʥʘʧʨʘʚ-
ʣʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ.

ʆʪʤʝʯʝʥʥʳʝ ʚʳʰʝ ʤʝʪʘʛʘʙʙʨʦʠʜʳ ʬʦʨʤʠʨʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʝʣʢʠʝ ʩʫʙʧʣʘʩʪʦʚʳʝ ʪʝʣʘ, ʜʝ-
ʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ [ʂʦʨʥʝʚ ʠ ʜʨ., 1974]. ʕʪʠ ʤʝʪʘʛʘʙʙʨʦʠʜʳ ʙʳʣʠ ʦʪ-
ʥʝʩʝʥʳ ʛʝʦʣʦʛʘʤʠ-ʩʲʝʤʱʠʢʘʤʠ ʢ ʠʥʜʳʛʣʠʥʩʢʦʤʫ ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ; ʦʥʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ 
ʩʝʚʝʨʦ-ʟʘʧʘʜ ʠ ʶʛʦ-ʚʦʩʪʦʢ ʚʜʦʣʴ ʀʰʠʤʙʠʥʩʢʦʛʦ ʰʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ, ʠʩʢʣʶʯʠ-
ʪʝʣʴʥʦ ʚ ʧʦʨʦʜʘʭ ʪʝʡʩʢʦʡ ʩʝʨʠʠ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʪʘʛʘʙʙʨʦʠʜʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʙʦʣʝʝ ʜʨʝʚ-
ʥʠʡ ʚʦʟʨʘʩʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʣʘʜʯʘʪʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʪʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ.
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ʇʝʪʨʦʛʨʘʬʠʷ ʠ ʛʝʦʭʠʤʠʷ. ɺ ɽʨʫʜʠʥʩʢʦʤ ʤʘʩʩʠʚʝ ʜʦʤʠʥʠʨʫʶʪ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʘʤʬʠʙʦʣ-ʙʠʦ-
ʪʠʪʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʩ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (ʜʦ 
1 ʩʤ). ɺ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʠʦʪʠʪʦʚʳʝ ʣʝʡʢʦʛʨʘʥʠʪʳ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʠʪʳ ʩ 
ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʚʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʣʘʛʠʦʢʣʘʟ, ʘ ʪʘʢʞʝ ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʩ 
ʘʧʣʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʨʦʷʚʣʝʥʥʳʝ ʚ ʜʘʡʢʘʭ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜʘʭ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʦʤʠʤʦ ʧʣʘ-
ʛʠʦʢʣʘʟʘ ʠ ʢʚʘʨʮʘ ʚ ʧʦʜʯʠʥʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦ-
ʨʦʛʦ ʚ ʜʘʡʢʦʚʳʭ ʨʘʟʥʦʩʪʷʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 10 %. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʝ ʤʘʩʩʠʚʘ (ʨ-ʥ ʧʦʩ. ʅʦʚʦ-
ʝʨʫʜʠʥʩʢʠʡ) ʚʳʷʚʣʝʥʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʜʘʡʢʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ, ʧʨʦʨʳʚʘʶʱʠʝ 
ʛʘʙʙʨʦʠʜʳ. ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʛʥʝʡʩʦʚʘʥʳ, ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ 
ʚʳʪʷʥʫʪʳʤʠ ʣʝʡʩʪʘʤʠ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʛʨʘʥʠʪʘʭ ʩʨʝʜʠ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʝʦʙʣʘ-
ʜʘʝʪ ʙʠʦʪʠʪ (ʜʦ 10 ʤʘʩ. %), ʚ ʛʨʘʥʦʜʠʦʨʠʪʘʭ, ʢʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʣʝʥʳ ʨʝʣʠʢʪʦʚʳʝ ʟʝʨʥʘ ʘʤʬʠʙʦʣʘ. ɺʪʦ-
ʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʦʪʠʪʦʤ, ʤʫʩʢʦʚʠʪʦʤ ʠ ʭʣʦʨʠʪʦʤ. ʋʯʘʩʪʢʘʤʠ ʚ ʧʦʨʦʜʘʭ ʧʨʦʷʚʣʝʥʘ 
ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ.

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʛʣʘʚʥʳʭ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ʚʳʧʦʣ-
ʥʝʥʦ ʩ ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʦʚ ð ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ Agilent7500ce (ʗʧʦʥʠʷ) ʠ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝ-
ʥʠʷ Element 2 (ɻʝʨʤʘʥʠʷ) ʧʦ ʤʝʪʦʜʠʢʝ [Smirnova et al., 2010] ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʀɻʍ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ). 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʜʣʷ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʣʘ 1ð5 %, ʜʣʷ ICP-MS ð 
5ð10 %.

ɺ ʛʨʘʥʠʪʘʭ ʠ ʛʨʘʥʦʜʠʦʨʠʪʘʭ ʩʦʜʝʨʞʘʥʠʝ SiO2 ʚʘʨʴʠʨʫʝʪ ʦʪ 65 ʜʦ 74 ʤʘʩ. %, ʩʫʤʤʘ ʱʝʣʦʯʝʡ ð ʦʪ 
5.44 ʜʦ 7.78 (ʪʘʙʣ. 1). ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [Frost et al., 2001], ʠʭ ʩʦʩʪʘʚʳ ʥʘ ʜʠʘʛʨʘʤʤʝ Na2O + K2O ï
ï CaO ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʝ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʠʠ ʠ ʚ ʧʦʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʦʩ-
ʣʝʜʥʝʡ ʩ ʠʟʚʝʩʪʢʦʚʦʡ ʠ ʱʝʣʦʯʥʦ-ʠʟʚʝʩʪʢʦʚʦʡ ʩʝʨʠʷʤʠ (ʨʠʩ. 3). ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʶ-
ʱʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ Na2O/K2O (ʦʪ 0.78 ʜʦ 2.08) ʠ ʫʤʝʨʝʥʥʳʝ ʜʦ ʚʳʩʦʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ K2O 
(1.85ð4.22 ʤʘʩ. %). ɺ ʦʜʥʦʡ ʧʨʦʙʝ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʥʘʠʙʦʣʝʝ ʣʝʡʢʦʢʨʘʪʦʚʦʡ ʨʘʟʥʦʩʪʠ ʧʦʨʦʜ (SiO2 = 
= 74.03 ʤʘʩ. %), ʟʥʘʯʝʥʠʝ ʩʫʤʤʳ ʱʝʣʦʯʝʡ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 8.35 ʤʘʩ. %, ʘ ʚʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ Na2O/K2O 
ʩʥʠʞʘʝʪʩʷ ʜʦ 0.63. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ A/CNK ʚ ʧʦʨʦʜʘʭ ʤʝʥʷʶʪʩʷ ʦʪ ʩʣʘʙʦʤʝʪʘʣʶʤʠʥʠʝʚʳʭ ʜʦ 
ʧʝʨʘʣʶʤʠʥʠʝʚʳʭ ʩʦʩʪʘʚʦʚ ʦʪ 0.95 ʜʦ 1.2 ʤʦʣ. %.

ɸʧʣʠʪʦʚʳʝ ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʜʘʡʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʩʤ. ʪʘʙʣ. 1) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨ-
ʞʘʥʠʷʤʠ SiO2 (74.08ð74.52 ʤʘʩ. %), ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʫʤʤʳ ʱʝʣʦʯʝʡ (6.66ð6.52), ʧʨʝʦʙʣʘ-
ʜʘʥʠʝʤ Na2O ʥʘʜ K2O (ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ Na2O/K2O ʚʘʨʴʠʨʫʶʪ ʦʪ 1.63 ʜʦ 1.83) ʠ ʥʝʚʳʩʦʢʠʤʠ ʩʦʜʝʨ-
ʞʘʥʠʷʤʠ K2O (ʦʢʦʣʦ 2.4 ʤʘʩ. %). ʕʪʠ ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʧʝʨʘʣʶʤʠʥʠʝʚʳʤʠ (ʚʝʣʠʯʠʥʘ A/CNK, ʤʦʣ. % 
ʤʝʥʷʶʪʩʷ ʦʪ 1.25 ʜʦ 1.31) ʠ ʠʭ ʩʦʩʪʘʚʳ ʟʘʥʠʤʘʶʪ ʛʨʘʥʠʯʥʫʶ ʦʙʣʘʩʪʴ ʤʝʞʜʫ ʠʟʚʝʩʪʢʦʚʦʡ ʠ ʠʟʚʝʩʪʢʦʚʦ-
ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʩʝʨʠʷʤʠ (ʩʤ. ʨʠʩ. 3).

ʇʣʘʛʠʦʛʨʘʥʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ (ʩʤ. ʪʘʙʣ. 1), ʩʣʘʛʘʶʱʠʝ ʜʘʡʢʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʤʝʱʘʶʱʠʤʠ 
ʧʦʨʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʪʘʛʘʙʙʨʦʠʜʳ, ʠʤʝʶʪ ʝʱʝ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʫʤʤʳ ʱʝʣʦʯʝʡ (4.46ð
5.41 ʤʘʩ. %) ʠ ʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ Na2O/K2O (5.95ð12.22). ʆʥʠ ʠʤʝʶʪ ʪʦʣʝʠʪʦʚʳʝ ʩʦʩʪʘʚʳ 
(ʩʦʜʝʨʞʘʥʠʷ K2O ʥʝ ʙʦʣʝʝ 0.18 ʤʘʩ. %) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʚʝʩʪʢʦʚʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʝʨʠʠ (ʩʤ. ʨʠʩ. 3). 
ɿʥʘʯʝʥʠʷ A/CNK (ʤʦʣ. %) ʫ ʥʠʭ ʥʠʟʢʠʝ (0.57ð1.01), ʦʪʚʝʯʘʶʱʠʝ ʤʝʪʘʣʶʤʠʥʠʝʚʳʤ ʠ ʩʫʙʘʣʶʤʠʥʠʝʚʳʤ 
ʨʘʟʥʦʩʪʷʤ ʧʦʨʦʜ.

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. ɻʨʘʥʠʪʳ ʠ ʛʨʘ-
ʥʦʜʠʦʨʠʪʳ (ʩʤ. ʨʠʩ. 4, ʘ, ʙ) ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʷʞʝʣʳʭ ʈɿʕ, ʫʤʝʨʝʥʥʳʝ ʚʝʣʠ-
ʯʠʥʳ ʦʪʥʦʰʝʥʠʡ (La/Yb)CN, ʤʝʥʷʶʱʠʝʩʷ ʦʪ 12.01 ʜʦ 33.76 ʠ Sr/Y (10.32ð17.48). ɺ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʳ ʢʘʢ 
ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ Eu (Eu* = 0.43ð1.63) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ Ba, 
Ta, Nb, Sr, P, Ti. ʇʣʘʛʠʦʛʨʘʥʠʪʳ ʘʧʣʠʪʦʚʳʭ ʜʘʝʢ (ʩʤ. ʨʠʩ. 4, ʚ, ʛ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 
ʘʥʦʤʘʣʠʷʤʠ Sr, ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ Ta, Nb, P ʠ Ti ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʘʥʦʤʘʣʠʡ Eu. ʆʥʠ ʠʤʝʶʪ 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ Na2O+K2OðCaO (ʱʝʣʦʯʥʦ-
ʠʟʚʝʩʪʢʦʚʳʡ ʠʥʜʝʢʩ MALI)ðSiO2 ʧʦ [Frost et 
al., 2001] ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ɽʨʫʜʠʥʩʢʦʛʦ 
ʤʘʩʩʠʚʘ, ʫʯʘʩʪʦʢ ʤʝʞʜʫʨʝʯʴʷ ʨʝʢ ʏʠʨʠʤʙʳ ʠ 
ɽʨʫʜʳ.
ʇʦʢʘʟʘʥʳ ʧʦʣʷ ʠʟʚʝʩʪʢʦʚʦʡ (calcic), ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ (calc-
alkalic), ɦ ʝʣʦʯʥʦ-ʠʟʚʝʩʪʢʦʚʦʡ (alkali-calcic) ʠ ɦ ʝʣʦʯʥʦʡ (alkalic) 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʝʨʠʡ. 1 ð ʛʨʘʥʦʜʠʦʨʠʪʳ, ʛʨʘʥʠʪʳ, ʣʝʡʢʦʛʨʘʥʠ-
ʪʳ; 2 ð ʧʣʘʛʠʦʛʨʘʥʠʪʳ (ʘʜʘʢʠʪʳ ʉ-ʪʠʧʘ); 3 ð ʜʘʡʢʠ ʧʣʘʛʠʦʛʨʘ-
ʥʠʪʦʚ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ; 4 ð ʪʝʡ-
ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦ [Vernikovsky et al., 2007]. ɿʜʝʩʴ ʠ ʥʘ ʨʠʩ. 4 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʪʘʙʣ. 1.
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ʊʘʙʣʠʮʘ  1 .  	                                                     ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ

ʂʦʤʧʦʥʝʥʪ
A-08-6 A-08-7-4 ɸ10-4-1 ɸ-08-7-1 A-10-6 A-08-6-1 ɸ-10-4-3 ɸ-10-3

3 7 12 5 16 4 14 11

SiO2, ʤʘʩ. % 65.00 67.39 67.83 70.01 72.35 72.48 72.56 72.79
TiO2 0.68 0.59 0.45 0.40 0.26 0.28 0.30 0.28
Al2O3 16.02 14.73 15.80 13.88 14.28 14.06 14.27 14.03
Fe2O3* 5.86 5.44 4.27 3.41 2.40 2.47 2.90 2.60
MnO 0.16 0.09 0.04 0.06 0.04 0.06 0.04 0.05
MgO 1.83 1.43 1.07 0.96 0.48 0.69 0.46 0.92
CaO 4.03 1.68 2.54 2.68 1.64 1.71 1.95 0.26
Nʘ2O 3.59 4.26 3.86 3.38 3.41 3.31 3.46 5.04
K2O 1.85 2.33 3.45 3.85 4.20 4.22 3.73 2.73
P2O5 0.16 0.18 0.21 0.11 0.08 0.09 0.08 0.08
ʇ.ʧ.ʧ. 0.86 1.82 0.50 1.19 0.88 0.56 0.26 1.25
ʉʫʤʤʘ 100.01 99.94 100.03 99.92 100.02 99.93 100.03 100.03
Ga, ʛ/ʪ 23 21 ð 21 ð 18.20 18 ð
Rb 123 129 ð 210 ð 194 143 ð
Sr 329 351 ð 341 ð 236 182 ð
Y 29 34 ð 19.50 ð 15.40 14.50 ð
Zr 233 477 ð 262 ð 129 255 ð
Nb 15.10 16.90 ð 15.20 ð 10.90 13.40 ð
Sn 1.82 <0.5 ð 1.02 ð 0.57 1.85 ð
Cs 3.80 1.82 ð 0.99 ð 4.60 ð ð
Ba 320 834 ð 914 ð 708 812 ð
La 46 82 ð 55 ð 37 47 ð
Ce 87 154 ð 96 ð 68 91 ð
Pr 9.20 17.20 ð 11 ð 7.40 9.40 ð
Nd 34 59 ð 36 ð 27 36 ð
Sm 6.10 8.40 ð 4.80 ð 4.40 6.10 ð
Eu 1.41 1.69 ð 2.10 ð 0.99 0.62 ð
Gd 5.10 5.80 ð 3.20 ð 3.20 4.92 ð
Tb 0.82 0.75 ð 0.44 ð 0.38 0.48 ð
Dy 4.80 3.60 ð 2 ð 2.30 3.41 ð
Ho 0.89 0.70 ð 0.38 ð 0.45 0.66 ð
Er 2.60 1.78 ð 1.15 ð 1.27 1.96 ð
Tm 0.43 0.26 ð 0.18 ð 0.19 0.26 ð
Yb 2.60 1.65 ð 1.28 ð 1.33 1.72 ð
Lu 0.39 0.27 ð 0.20 ð 0.19 0.26 ð
Hf 4.60 9.60 ð 5.80 ð 2.80 7.40 ð
Ta 0.77 0.63 ð 0.98 ð 0.91 ð ð
Pb 11.6 6.50 ð 35 ð 38 ð ð
Th 12 24 ð 13.50 ð 14.20 27 ð
U 2.40 1.91 ð 2 ð 1.64 2.33 ð
Nʘ2O + K2O 5.44 6.59 7.31 7.23 7.61 7.53 7.19 7.77
Na2O/K2O 1.94 1.82 1.12 0.88 0.81 0.78 0.93 1.84
(La/Yb)ʉN 12.01 33.76 ð 29.19 ð 19.18 18.56 ð
Eu/Eu* 0.77 0.74 ð 1.63 ð 0.80 0.43 ð
Sr/Y 11.34 10.32 ð 17.48 ð 15.32 12.55 ð

ʇ ʨ ʠ ʤ ʝ ʯ ʘ ʥ ʠ ʝ .  ʇʦʨʷʜʢʦʚʳʝ ʥʦʤʝʨʘ ʧʨʦʙ (1ð16) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ ʥʘ ʨʠʩ. 2. A-08-6, 
ʣʝʡʢʦʛʨʘʥʠʪʳ; A-08-2, A-08-1 ð ʧʣʘʛʠʦʛʨʘʥʠʪʳ (ʘʜʘʢʠʪʳ ʉ-ʪʠʧʘ); A-08-8, A-08-8-1, ɸ-08-8-2 ð ʜʘʡʢʠ ʧʣʘʛʠʦʛʨʘʥʠʪʘ ʠ 
[McDonough, Sun, 1995]: (La/Yb)CN ʠ Eu/Eu* = EuCN / [GdCN ʭ SmCN]0.5. ʇʨʦʯʝʨʢ ð ʥʝʪ ʘʥʘʣʠʟʘ.
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ʨʘʡʦʥʘ ʤʝʞʜʫʨʝʯʴʷ ʏʠʨʠʤʙʳ ʠ ɽʨʫʜʳ
ɸ10-4-2 A-08-7-3 A-10-5 A-08-2 A-08-1 A-08-8 A-08-8-1 ɸ-08-8-2

13 6 15 2 1 8 9 10

73.02 73.58 74.03 74.08 74.52 49.74 64.98 70.54
0.29 0.29 0.15 0.18 0.15 1.99 0.78 0.33
14.02 13.58 13.82 14.86 15.01 12.93 15.84 15.29
2.71 2.60 1.82 1.49 1.24 15.07 5.58 2.58
0.04 0.04 0.03 0.02 0.03 0.20 0.06 0.03
0.44 0.67 0.43 0.48 0.35 5.84 1.70 0.92
1.56 0.71 0.89 1.22 1.18 9.16 4.83 3.71
3.75 5.14 3.23 4.31 4.04 3.29 3.82 5.00
3.44 2.47 5.12 2.35 2.48 0.60 0.64 0.41
0.28 0.07 0.05 0.06 0.04 0.18 0.18 0.15
0.45 0.80 0.45 0.86 0.90 0.86 1.57 0.97

100.00 99.95 100.03 99.9 99.92 100.11 99.98 99.92
18 15.60 ð 21 19.50 17.70 23 20
132 81 ð 68 90 27 44 24
148 225 ð 784 797 402 531 318
10 14.20 ð 5.50 8.50 38 25 9.80
237 182 ð 83 108 105 388 325

13.20 9.70 ð 2.10 2.20 11.40 14.50 12.90
3.13 3.20 ð <0.5 36 <0.5 <0.5 1.25
ð 1.29 ð 0.75 1.29 0.84 1.06 7.40
647 584 ð 646 730 80 282 236
31 16.60 ð 8.10 5.40 10.60 23 24
70 39 ð 16.80 21 26 66 91

6.70 4 ð 1.99 1.29 4.20 5.50 6.30
26 13.60 ð 8 5.10 19.20 20 21

4.61 2.80 ð 1.63 1.35 5.20 4.50 4.10
0.59 0.55 ð 0.49 0.34 1.91 1.62 0.71
3.84 2.10 ð 1.24 0.90 5.80 3.90 3
0.47 0.31 ð 0.16 0.14 1.01 0.50 0.44
2.62 1.72 ð 0.87 0.79 6.30 2.60 2.20
0.46 0.32 ð 0.15 0.14 1.34 0.44 0.37
1.41 0.83 ð 0.40 0.42 3.70 1.21 0.99
0.18 0.13 ð 0.06 0.07 0.57 0.18 0.16
1.29 0.89 ð 0.34 0.42 3.70 1.08 1
0.19 0.13 ð 0.058 0.06 0.54 0.16 0.15

7 4 ð 2.20 2.90 2.60 7.40 8.50
ð 0.84 ð 0.21 0.21 0.70 0.90 1.21
ð 13.30 ð 24 24 0.07 10.3 21
25 14.60 ð 2.90 2.60 1.23 11.9 33

2.87 2.70 ð 1.09 1.44 0.27 1.29 3
7.19 7.61 8.35 6.66 6.52 3.89 4.46 5.41
1.09 2.08 0.63 1.84 1.63 5.51 5.95 12.22
16.32 12.67 ð 16.8 8.73 1.95 14.47 16.30
0.26 0.69 ð 1.05 0.94 1.06 1.18 0.62
14.80 15.85 ð 142.55 93.76 10.58 21.24 32.45

A-08-7-4, ɸ10-4-1, ɸ-08-7-1, A-10-6, A-08-6-1, ɸ-10-4-3, ɸ-10-3, ɸ10-4-2, A-08-7-3, ɸ-10-5 ð ʛʨʘʥʦʜʠʦʨʠʪʳ, ʛʨʘʥʠʪʳ, 
ʢʚʘʨʮʝʚʦʛʦ ʜʠʦʨʠʪʘ ʠ ʚʤʝʱʘʶʱʠʝ ʠʭ ʤʝʪʘʛʘʙʙʨʦ. ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʦʪʥʦʰʝʥʠʷʭ ʥʦʨʤʠʨʦʚʘʥʳ ʧʦ ʭʦʥʜʨʠʪʫ 
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ʚʳʩʦʢʠʝ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ Sr/Y ʚ ʠʥʪʝʨʚʘʣʝ 142.55ð93.76, ʜʝʤʦʥʩʪʨʠʨʫʷ ʥʘʠʙʦʣʝʝ ʢʨʫʪʦʡ ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʟʫʯʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʥʘʢʣʦʥ ʩʧʝʢʪʨʦʚ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʕʪʠ ʧʦʨʦʜʳ ʦʪʚʝʯʘʶʪ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʘʤ ʘʜʘʢʠʪʦʚ ʉ-ʪʠʧʘ, ʩʦʛʣʘʩʥʦ [Xiao, Clemens, 2007]. ʇʣʘʛʠʦʛʨʘʥʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ, 
ʬʦʨʤʠʨʫʶʱʠʝ ʜʘʡʢʠ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʛʘʙʙʨʦʠʜʘʤʠ, ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʩ ʧʦʩʣʝʜʥʠʤʠ ʩʦʜʝʨʞʘʥʠʷ Ta, Nb, 
Sr, P, Nd ʠ Sm (ʩʤ. ʨʠʩ. 4, ʜ, ʝ, ʪʘʙʣ. 1). ɺ ʥʠʭ ʧʨʦʷʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ Th ʠ U, ʘ ʪʘʢʞʝ ʦʪ-
ʨʠʮʘʪʝʣʴʥʳʝ ʠ ʥʝʙʦʣʴʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ Eu. ɿʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ (La/Yb)CN ð ʥʝʚʳʩʦʢʠʝ, 
ʚʘʨʴʠʨʫʶʱʠʝ ʚ ʠʥʪʝʨʚʘʣʝ 14.47ð16.30. ɺʝʣʠʯʠʥʳ Sr/Y ʦʪʥʦʰʝʥʠʡ ʥʝ ʧʦʜʥʠʤʘʶʪʩʷ ʚʳʰʝ 32.4.

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʛʨʘʥʠʪʦʠʜʦʚ ɽʨʫʜʠʥʩʢʦʛʦ ʤʘʩʩʠ-
ʚʘ, ʩ ʫʯʝʪʦʤ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʜʨʫʛʠʭ ʤʘʩʩʠʚʦʚ ʪʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ [ɺʝʨʥʠʢʦʚʩʢʘʷ ʠ 
ʜʨ., 2002; Vernikovsky et al., 2007], ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʠʭ ʢ ʧʨʦʜʫʢʪʘʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʦʨʦʚʳʭ ʤʘʛʤʘ-
ʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʢʦʣʣʠʟʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ. ʇʣʘʛʠʦʛʨʘʥʠʪʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʘʧ-
ʣʠʪʦʚʳʝ ʜʘʡʢʠ ʚ ɽʨʫʜʠʥʩʢʦʤ ʤʘʩʩʠʚʝ, ʧʨʦʷʚʣʷʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʜʘʢʠʪʦʚ ʉ-ʪʠʧʘ. ʂ ʧʦʩʣʝʜʥʠʤ ʦʪʥʦ-
ʩʷʪʩʷ ʦʙʦʛʘʱʝʥʥʳʝ ʢʘʣʠʝʤ ʘʜʘʢʠʪʳ, ʷʚʣʷʶʱʠʝʩʷ, ʚʝʨʦʷʪʥʦ, ʧʨʦʜʫʢʪʘʤʠ ʤʘʛʤʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ 
ʦʩʥʦʚʘʥʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʫʪʦʣʱʝʥʠʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ 

ʈʠʩ. 4. ɼʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʈɿʕ (ʘ, ʚ, ʜ) ʠ ʩʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʳ (ʙ, ʛ, ʝ) ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʧʦʨʦʜ ɽʨʫʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʫʯʘʩʪʦʢ ʤʝʞʜʫʨʝʯʴʷ ʏʠʨʠʤʙʳ ʠ ɽʨʫʜʳ.
ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ: ʘ, ʙ ð ʛʨʘʥʦʜʠʦʨʠʪʳ, ʛʨʘʥʠʪʳ, ʣʝʡʢʦʛʨʘʥʠʪʳ; ʚ, ʛ ð ʜʘʡʢʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ (ʘʜʘʢʠʪʳ ʉ-ʪʠʧʘ); ʜ, ʝ ð 
ʜʘʡʢʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ. ʉʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʥʦʨʤʠʨʦʚʘʥʳ ʧʦ ʭʦʥʜʨʠʪʫ ʠ ʧʨʠ-
ʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ, ʩʦʛʣʘʩʥʦ [McDonough, Sun, 1995].


