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ɿоналʔные магматические ареалы и анорогенное  
батолитообразоɺание ɺ ʎентралʔно-ɸзиатском складчатом ʇоясе:  
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ɺ ʶʞʥʦʤ ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ ʠ ʨʘʥʥʝʤ ʤʝʟʦʟʦʝ 
ʚʦʟʥʠʢʣʘ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʘʷ ʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ. ʉʧʝʮʠʬʠʢʫ ʝʝ ʩʪʨʦʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʟʦʥʘʣʴʥʳʝ ʤʘʛ-
ʤʘʪʠʯʝʩʢʠʝ ʘʨʝʘʣʳ, ʷʜʨʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʫʧʥʝʡʰʠʤʠ ʙʘʪʦʣʠʪʘʤʠ ʤʠʨʘ ð ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʠʤ, 
ʍʘʥʛʘʡʩʢʠʤ ʠ ʍʵʥʪʝʡʩʢʠʤ, ʘ ʧʝʨʠʬʝʨʠʶ ʦʙʨʘʟʫʶʪ ʦʜʥʦʚʦʟʨʘʩʪʥʳʝ ʩ ʥʠʤʠ ʨʠʬʪʦʚʳʝ ʟʦʥʳ.

ʅʘ ʧʨʠʤʝʨʝ ʍʘʥʛʘʡʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʷʜʨʦʤ ʍʘʥʛʘʡʩʢʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 
ʘʨʝʘʣʘ (ʦʙʣʘʩʪʠ), ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʘʥʠʪʳ ʙʘʪʦʣʠʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʢʣʘʩʩ ʘʥʦʨʦʛʝʥʥʳʭ ʛʨʘʥʠʪʦʠ-
ʜʦʚ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʣʠʟʢʠʤ ʧʦ ʚʦʟʨʘʩʪʫ ʧʨʦʷʚʣʝʥʠʝʤ ʧʦʨʦʜ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦ-
ʩʪʘʚʦʚ ʦʪ ʥʠʟʢʦʱʝʣʦʯʥʳʭ ʜʦ ʩʫʙʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʳʭ ʠ ʦʪ ʙʘʟʠʪʦʚ ʜʦ ʫʣʴʪʨʘʢʠʩʣʳʭ ʧʦʨʦʜ. ʇʦʢʘʟʘʥʦ, 
ʯʪʦ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʍʘʥʛʘʡʩʢʦʛʦ ʙʘʪʦʣʠʪʘ ʚʘʨʴʠʨʫʶʪ ʤʝʞʜʫ ʧʘʨʘ-
ʤʝʪʨʘʤʠ ʚʤʝʱʘʶʱʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʠ ʶʚʝʥʠʣʴʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʨʦʜʫʢʪʳ ʧʦʩʣʝʜ-
ʥʝʛʦ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦ ʨʠʬʪʦʚʦʡ ʧʝʨʠʬʝʨʠʠ ʙʘʪʦʣʠʪʘ, ʥʦ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʷʚʠʣʠʩʴ ʚ ʝʛʦ ʮʝʥʪʨʘʣʴʥʳʭ 
ʫʯʘʩʪʢʘʭ ʚ ʚʠʜʝ ʩʠʥʧʣʫʪʦʥʠʯʝʩʢʠʭ ʙʘʟʠʪʦʚʳʭ ʠʥʪʨʫʟʠʡ. ʀʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʘ-
ʥʠʪʦʠʜʦʚ ʙʘʪʦʣʠʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʤʘʥʪʠʡʥʳʝ ʤʘʛʤʳ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʘ-
ʥʠʪʦʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ. ʉ ʫʯʝʪʦʤ ʦʙʲʝʤʦʚ ʧʦʨʦʜ ʙʘʪʦʣʠʪʘ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʢʦʣʦ 1 ʤʣʥ ʢʤ3, ʍʘʥʛʘʡʩʢʠʡ 
ʟʦʥʘʣʴʥʳʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʘʨʝʘʣ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʧʨʠʤʝʨ ʢʨʫʧʥʦʡ ʢʠʩʣʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 
ʧʨʦʚʠʥʮʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʝʱʝʩʪʚʘ ʠ ʪʝʧʣʘ, 
ʪ. ʝ. ʤʘʥʪʠʡʥʳʤ ʧʣʶʤʦʤ.

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ, ʩʚʷʟʳʚʘʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʙʘ-
ʪʦʣʠʪʦʚ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ ʥʘ ʣʠʪʦʩʬʝʨʫ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 
ʤʘʥʪʠʡʥʳʝ ʨʘʩʧʣʘʚʳ ʧʦ ʤʝʭʘʥʠʟʤʫ ʘʥʜʝʨʧʣʝʡʪʠʥʛʘ ʚʥʝʜʨʷʣʠʩʴ ʚ ʦʩʥʦʚʘʥʠʝ ʢʦʨʳ ʠʣʠ ʧʦʜʩʣʘʠʚʘʣʠ ʝʝ, 
ʚʳʟʳʚʘʣʠ ʢʦʨʦʚʳʡ ʘʥʘʪʝʢʩʠʩ ʠ ʩʤʝʰʠʚʘʣʠʩʴ ʩ ʘʥʘʪʝʢʪʠʯʝʩʢʠʤʠ ʨʘʩʧʣʘʚʘʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʣʠ 
ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʦʚʘʣʠ ʤʝʞʜʫ ʪʠ-
ʧʠʯʥʳʤʠ ʜʣʷ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʛʨʘʥʠʮ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʩʚʦʡʩʪʚʝʥʥʳʤʠ ʜʣʷ ʚʥʫʪʨʠ
ʧʣʠʪʥʳʭ ʦʙʩʪʘʥʦʚʦʢ, ʩ ʜʨʫʛʦʡ.
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ZONED MAGMATIC AREAS AND ANOROGENIC BATHOLITH FORMATION  
IN THE CENTRAL ASIAN orogenic BELT  

(by the example of the Late Paleozoic Khangai magmatic area)

V.V. Yarmolyuk, A.M. Kozlovsky, and M.I. Kuzmin
In the Late Paleozoic–Early Mesozoic, the Central Asian Rift System formed in the southern framing of 

the Siberian Craton. It has a speciýc structure owing to zoned magmatic areas comprising the largest worldôs 
batholiths (AngaraïVitim, Khangai, and Khentei) in the core and coeval rift zones on the periphery.

By the example of the Khangai batholith, which is the core of the Hangayn zoned magmatic area, 
we have demonstrated that the batholith granites are a speciýc class of anorogenic granitoids. Each batho-
lith is composed of nearly coeval rocks of widely varying compositions, from low-alkali to subalkalic and 
alkaline and from maýc to ultrafelsic. The geochemical and isotopic characteristics of rocks of the Khangai 
batholith are intermediate between the host continental crust and the juvenile mantle source. The melts from 
this mantle source formed lava sequences on the rift periphery of the batholith and were also manifested in 
its core as synplutonic maýc intrusions. The isotope-geochemical characteristics of the batholith granitoids 
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evidence that mantle magmas took part in the formation of granite melts. With regard to the volume of the 
batholith rocks (~1 mln km3), the Khangai zoned magmatic area can be considered a silicic large igneous 
province, whose formation was controlled by a localized source of material and heat, i.e., mantle plume. 
We propose a model relating the composition, structure, and geologic position of batholiths to the impact of 
mantle plumes on the lithosphere of a folded area. The model assumes that mantle melts intruded into the base 
of crust by the underplating mechanism or formed underlayers, caused crustal anatexis, and were mixed with 
anatectic melts. The geochemical and isotopic characteristics of the resulted magmatic products were intermedi-
ate between the parameters typical of the convergent boundaries of lithospheric plates and those characteristic 
for intraplate environments.

Batholiths, rift zones, isotope geology, mantle plumes

Вɺедение

ʇʨʦʙʣʝʤʳ ʘʥʦʨʦʛʝʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʜʠʩʢʫʪʠʨʫʶʪʩʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘ-
ʪʫʨʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʨʦʜʘ ʪʘʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʦʩʪʘʝʪʩʷ ʚʦ ʤʥʦʛʦʤ ʟʘʛʘʜʦʯʥʦʡ. ɺʦʟʦʙʥʦʚʣʝʥʠʝ 
ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʳʥʫʞʜʘʝʪ ʠʩʢʘʪʴ ʦʩʦʙʳʝ ʤʝ-
ʭʘʥʠʟʤʳ ʠ ʦʩʦʙʳʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʠ ʚʝʱʝʩʪʚʘ ʜʣʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʠ ʠʭ ʧʦʩ-
ʪʫʧʣʝʥʠʷ ʢ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɹʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʫʩʪʦʷʚʰʠʝʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʣʦʞʠʣʠʩʴ ʚ ʦʪʥʦʰʝʥʠʠ 
ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʘʥʦʨʦʛʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. ʆʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʠʩʣʳʝ ʧʦ ʩʦʩʪʘʚʫ 
ʧʨʦʜʫʢʪʳ ʪʘʢʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʕʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʙʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʦʠʜʳ, ʦʙʦʛʘʱʝʥ-
ʥʳʝ ʙʦʣʴʰʠʥʩʪʚʦʤ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Rb, Tn, U, Ta, Nb, Zr, Hf, REE), ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʵʪʠ ʧʦʨʦʜʳ 
ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ ʥʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴʰʠʤʠ ʧʦ ʨʘʟʤʝʨʘʤ ʤʘʩʩʠʚʘʤʠ.

ʊʝʨʨʠʪʦʨʠʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ (ʎɸʉʇ) ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʦʡ ʧʨʦʚʠʥʮʠʝʡ 
ʘʥʦʨʦʛʝʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ɿʜʝʩʴ, ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʫʢʪʫʨ, ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ ʚ ʥʘʯʘʣʝ ʨʘʥʥʝʛʦ ʧʘʣʝʦʟʦʷ 
(ʢʘʣʝʜʦʥʠʜʳ) ʠ ʚ ʩʨʝʜʥʝʤ ʧʘʣʝʦʟʦʝ (ʛʝʨʮʠʥʠʜʳ), ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʬʘʥʝʨʦʟʦʷ ʧʨʦʷʚʣʷʣʘʩʴ 
ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʥʝ ʩʚʷʟʘʥʥʘʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʦʥʚʝʨʛʝʥʮʠʠ ʠ ʦʨʦʛʝʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 
ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʨʫʧʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʘʨʝʘʣʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʨʠʬʪʦʚʳʤʠ ʩʪʨʫʢʪʫʨʘ-
ʤʠ. ɺ ʠʭ ʩʪʨʦʝʥʠʠ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʫʙʱʝʣʦʯʥʳʝ ʠ ʱʝʣʦʯʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʩ ʛʝʦ-
ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʥʦʨʦʛʝʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʪʘʢʠʤʠ ʧʦʨʦʜʘʤʠ ʥʘ ʧʨʦ-
ʪʷʞʝʥʠʠ 100 ʤʣʥ ʣʝʪ ʚ ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ ʠ ʨʘʥʥʝʤ ʤʝʟʦʟʦʝ ʚ ʧʨʝʜʝʣʘʭ ʎɸʉʇ ʚʦʟʥʠʢʣʘ ʛʨʫʧʧʘ ʛʠʛʘʥʪʩʢʠʭ 
ʙʘʪʦʣʠʪʦʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ ʩʚʳʰʝ 0.5 ʤʣʥ ʢʤ2: ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʠʡ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ [ʃʠʪʚʠʥʦʚ-
ʩʢʠʡ ʠ ʜʨ., 1992; ɹʫʜʥʠʢʦʚ ʠ ʜʨ., 1995; ʗʨʤʦʣʶʢ ʠ ʜʨ., 1997; Budnikov et al., 1999; ʂʦʚʘʯ ʠ ʜʨ., 2012], 
ʍʘʥʛʘʡʩʢʠʡ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʄʦʥʛʦʣʠʠ [ʊʝʢʪʦʥʠʢʘé, 1974; ʌʝʜʦʨʦʚʘ, 1977; ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠé, 
1995; ʗʨʤʦʣʶʢ, ʂʦʚʘʣʝʥʢʦ, 2003ʘ], ʍʵʥʪʝʡʩʢʠʡ (ʠʣʠ ɼʘʫʨʦ-ʍʵʥʪʝʡʩʢʠʡ) ʚ ɺʦʩʪʦʯʥʦʡ ʄʦʥʛʦʣʠʠ ʠ ʎʝʥ-
ʪʨʘʣʴʥʦʤ ɿʘʙʘʡʢʘʣʴʝ [ʂʦʚʘʣʴ ʠ ʜʨ., 1978; ʂʦʚʘʣʴ, 1998; ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2003ʘ,ʙ]. ʆʙʨʘʟʦʚʘʥʠʝ ʙʘʪʦʣʠ-
ʪʦʚ ʙʳʣʦ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩʦ ʩʪʘʥʦʚʣʝʥʠʝʤ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡðʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ [ʗʨʤʦʣʶʢ, ʂʦʚʘʣʝʥʢʦ, 1991] (ʚʨʝʟʢʘ, ʨʠʩ. 1). ʆʜʥʘʢʦ ʝʩʣʠ ʚ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ʰʠʨʦʢʦ 
ʨʘʟʚʠʪʳ ʛʨʘʥʠʪʦʠʜʳ ʘʥʦʨʦʛʝʥʥʦʛʦ ʪʠʧʘ, ʪʦ ʚ ʩʦʩʪʘʚʝ ʙʘʪʦʣʠʪʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʨʦʜʳ, ʙʦʣʝʝ ʪʠʧʠʯʥʳʝ 
ʜʣʷ ʦʙʩʪʘʥʦʚʦʢ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʛʨʘʥʠʮ.

ɺʦʧʨʦʩʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʵʪʠʭ ʙʘʪʦʣʠʪʦʚ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 
ʚʳʜʚʠʛʘʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʨʛʝʥʮʠʠ ʧʨʠ ʟʘʢʨʳʪʠʠ ʇʘ-
ʣʝʦʘʟʠʘʪʩʢʦʛʦ ʠ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʦʢʝʘʥʦʚ [ʄʘʟʫʢʘʙʟʦʚ ʠ ʜʨ., 2010; ɼʦʥʩʢʘʷ ʠ ʜʨ., 2012; Donskaya et 
al., 2013]. ʉ ʜʨʫʛʦʡ, ð ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʭ ʩʚʷʟʴ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ [ɿʦʥʝʥʰʘʡʥ ʠ ʜʨ., 
1990; ʗʨʤʦʣʶʢ ʠ ʜʨ., 2000, 2003ʘ,ʙ, 2013ʘ,ʙ,ʚ; Kuzmin et al., 2010], ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ ʘʩʩʦʮʠʘʮʠʠ ʙʘʪʦʣʠʪʦʚ 
ʩ ʨʠʬʪʦʚʳʤʠ ʟʦʥʘʤʠ, ʩʦʚʤʝʩʪʥʦ ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʟʦʥʘʣʴʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʘʨʝʘʣʳ (ʠʣʠ ʦʙ-
ʣʘʩʪʠ) [ʗʨʤʦʣʶʢ ʠ ʜʨ., 2013ʘ]. ʈʘʟʚʠʚʘʶʪʩʷ ʪʘʢʞʝ ʢʦʤʧʨʦʤʠʩʩʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʝ 
ʧʦʩʪʝʧʝʥʥʫʶ ʩʤʝʥʫ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʚ ʭʦʜʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʪʦʣʠʪʦʚ ʩ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʥʘ 
ʚʥʫʪʨʠʧʣʠʪʥʳʡ [ʎʳʛʘʥʢʦʚ ʠ ʜʨ., 2007, 2010; Litvinovsky et al., 2011]. ʈʘʟʥʦʝ ʧʦʥʠʤʘʥʠʝ ʧʨʠʨʦʜʳ ʙʘʪʦ-
ʣʠʪʦʚ ʩʚʷʟʘʥʦ ʩ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʢʘʢ ʚ ʯʘʩʪʠ ʚʳʷʩʥʝʥʠʷ ʠʭ ʩʚʷʟʝʡ ʩ ʨʠʬʪʦʛʝʥʝʟʦʤ ʠ 
ʜʨʫʛʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʚʰʠʤʠ ʚ ʨʝʛʠʦʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʙʘʪʦʣʠʪʦʦʙʨʘʟʦʚʘʥʠʝʤ, ʪʘʢ ʠ ʚ ʯʘʩʪʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʩʦʚʨʝʤʝʥʥʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʦ-
ʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʤʘʪʠʟʤʘ.

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʘʚʘ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʘʥʠʪʦʠʜʦʚ ʍʘʥʛʘʡʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʤʘʛʤʘʪʠ-
ʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʨʠʬʪʦʚʳʭ ʟʦʥ ʠ ʚ ʮʝʣʦʤ ʍʘʥʛʘʡʩʢʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 
ʘʨʝʘʣʘ. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʵʪʦ ʧʦʟʚʦʣʠʪ ʧʦʥʷʪʴ ʩʧʝʮʠʬʠʢʫ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʦʨʦʛʝʥʥʳʭ ʧʦ ʛʝʦʣʦ-
ʛʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ, ʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʦʛʝʥʥʳʭ ʧʦ ʩʦʩʪʘʚʫ ʛʨʘʥʠʪʦʠʜʦʚ ʛʠʛʘʥʪʩʢʠʭ ʙʘʪʦʣʠʪʦʚ ʎʝʥ-
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ʪʨʘʣʴʥʦʡ ɸʟʠʠ. ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʭʨʦʥʦʣʦʛʠ-
ʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ Nd-ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʟʦʥʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 
ʘʨʝʘʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʝʛʦ ʷʜʨʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʍʘʥʛʘʡʩʢʦʤʫ ʙʘʪʦʣʠʪʫ.

ɻеологическая характеристика

ʍʘʥʛʘʡʩʢʘʷ ʟʦʥʘʣʴʥʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ (ʩʤ. ʨʠʩ. 1) ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 200 000 ʢʤ2 
ʠ ʚʢʣʶʯʘʝʪ ʍʘʥʛʘʡʩʢʠʡ ʙʘʪʦʣʠʪ ʠ ʦʙʨʘʤʣʷʶʱʠʝ ʝʛʦ ʩ ʶʛʘ ʠ ʩʝʚʝʨʘ ɻʦʙʠ-ɸʣʪʘʡʩʢʫʶ ʠ ʉʝʚʝʨʦ-ʄʦʥʛʦʣʴ-
ʩʢʫʶ ʨʠʬʪʦʚʳʝ ʟʦʥʳ. ʆʙʣʘʩʪʴ ʚʦʟʥʠʢʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʩʫʧʝʨʪʝʨʨʝʡʥʘ ʎɸʉʇ 
ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤʠ (ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʤʠ, ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʙʘʡ-
ʢʘʣʴʩʢʠʤʠ ʠ ʨʘʥʥʝʢʘʣʝʜʦʥʩʢʠʤʠ) ʪʝʨʨʝʡʥʘʤʠ [ʂʦʟʘʢʦʚ, 1986; ʂʦʟʘʢʦʚ ʠ ʜʨ., 2007, 2011, 2012, 2013] 
(ʨʠʩ. 2).

ɺʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʦʙʦʩʥʦʚʘʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠ-
ʤʠ ʜʘʥʥʳʤʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʥʠʤʠ [Arakawa et al., 1998, 1999; Budnikov et al., 1999; Takahashi et 
al., 2000; Jahn et al., 2004ʘ,ʙ; ʗpʤʦʣʶʢ ʠ ʜp., 2008, 2013ʙ,ʚ; ʆʨʦʣʤʘʘ ʠ ʜʨ., 2008; ʇʦʣʷʢʦʚ ʠ ʜʨ., 2008; 
ʀʟʦʭ ʠ ʜʨ., 2011] ʙʘʪʦʣʠʪ ʚʦʟʥʠʢ ʚ ʠʥʪʝʨʚʘʣʝ 269ð241 ʤʣʥ ʣʝʪ [ʗpʤʦʣʶʢ ʠ ʜp., 2013ʘ]. ɺʦʟʨʘʩʪ ʧʦʨʦʜ 
ʨʠʬʪʦʚʳʭ ʟʦʥ ʦʙʦʩʥʦʚʘʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʦʩʥʦʚʝ ʧʘʣʝʦʬʣʦʨʠʩʪʠʯʝʩʢʠʭ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʛʝʦʭʨʦʥʦ-
ʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ [ʗʨʤʦʣʶʢ, ʂʦʚʘʣʝʥʢʦ, 1991]. ɼʣʷ ɻʦʙʠ-ɸʣʪʘʡʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʦʥ ʦʮʝʥʝʥ ʚ ʠʥ-
ʪʝʨʚʘʣʝ ʢʦʥʝʮ ʨʘʥʥʝʡ ʧʝʨʤʠðʧʦʟʜʥʷʷ ʧʝʨʤʴ, ʧʦʨʦʜʳ ʉʝʚʝʨʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʚ ʦʩʥʦʚʥʦʤ 
ʦʪʥʝʩʝʥʳ ʢ ʧʦʟʜʥʝʡ ʧʝʨʤʠ ʠʣʠ, ʩ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢ ʠʥʪʝʨʚʘʣʫ 269ð
249 ʤʣʥ ʣʝʪ ʥʘʟʘʜ [ʗʨʤʦʣʶʢ, ʂʦʚʘʣʝʥʢʦ, 1991; ʗpʤʦʣʶʢ ʠ ʜp., 2013ʘ]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʘʪʦʣʠʪ ʠ ʦʙʨʘʤ-
ʣʷʶʱʠʝ ʝʛʦ ʨʠʬʪʦʚʳʝ ʟʦʥʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 
ʨʘʩʩʤʦʪʨʝʥʠʷ ʠʭ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʟʦʥʘʣʴʥʦ-ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʚʦʟ-

ʈʠʩ. 1. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʍʘʥʛʘʡʩʢʦʡ ʟʦʥʘʣʴʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.
1 ð MZðKZ ʚʧʘʜʠʥʳ; 2 ð ʛʨʘʥʠʪʦʠʜʥʳʝ ʤʘʩʩʠʚʳ ʍʘʥʛʘʡʩʢʦʛʦ ʙʘʪʦʣʠʪʘ; 3 ð ʨʠʬʪʦʚʳʝ ʟʦʥʳ ʠ ʚʳʭʦʜʳ ʙʠʤʦʜʘʣʴʥʳʭ ʚʫʣʢʘʥʠ-
ʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ; 4 ð ʨʘʟʣʦʤʳ; 5 ð ʤʘʩʩʠʚʳ ʙʘʪʦʣʠʪʦʚ; 6 ð ʨʠʬʪʦʚʳʝ ʟʦʥʳ; 7 ð ʪʨʘʧʧʳ; 8 ð ʢʨʘʪʦʥʳ; 
9 ð ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ; 10 ð ʇʘʣʝʦʘʟʠʘʪʩʢʠʡ ʦʢʝʘʥ. ʊʨʘʧʧʦʚʳʝ ʧʨʦʚʠʥʮʠʠ: ʉʠʙ ð ʉʠʙʠʨʩʢʘʷ, ʊʘʨ ð ʊʘ-
ʨʠʤʩʢʘʷ; ʙʘʪʦʣʠʪʳ: ɸɺ ð ɸʥʛʘʨʦ-ɺʠʪʠʤʩʢʠʡ, ʍʘʥ ð ʍʘʥʛʘʡʩʢʠʡ, ʍʵʥ ð ʍʵʥʪʝʡʩʢʠʡ. ʂʦʥʪʫʨʦʤ ʚʳʜʝʣʝʥ ʍʘʥʛʘʡʩʢʠʡ ʤʘʛʤʘ-
ʪʠʯʝʩʢʠʡ ʘʨʝʘʣ. ʅʘ ʚʨʝʟʢʝ ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡðʨʘʥʥʝʤʝʟʦʟʦʡʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ɻɸʈɿ ð ɻʦʙʠ-ɸʣʪʘʡʩʢʘʷ ʨʠʬʪʦʛʝʥʥʘʷ ʟʦʥʘ, ʉʄʈɿ ð ʉʝʚʝʨʦ-ʄʦʥʛʦʣʴʩʢʘʷ ʨʠʬʪʦʛʝʥʥʘʷ ʟʦʥʘ.
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ʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʦʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʣʠʯʠʷ ʚ 
ʩʪʨʦʝʥʠʠ ʠ ʩʦʩʪʘʚʝ ʦʪʜʝʣʴʥʳʭ ʝʝ ʟʦʥ, ʦʧʨʝʜʝ-
ʣʷʣʦʩʴ ʦʙʱʠʤ ʜʣʷ ʥʠʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝ-
ʞʠʤʦʤ.

ʍʘʥʛʘʡʩʢʠʡ ʙʘʪʦʣʠʪ ʟʘʥʠʤʘʝʪ ʧʣʦ-
ʱʘʜʴ ʦʢʦʣʦ 150 000 ʢʤ2 ʠ, ʩʦʛʣʘʩʥʦ ʛʝʦʬʠʟʠ-
ʯʝʩʢʠʤ ʜʘʥʥʳʤ [ʊʫʨʫʪʘʥʦʚ ʠ ʜʨ., 2007], ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʢʨʫʧʥʦʝ ʧʣʠʪʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ʪʦʣʱʠ-

ʥʦʡ ʦʢʦʣʦ 7 ʢʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʝʛʦ ʦʙʲʝʤ ʜʦ 1 ʤʣʥ ʢʤ3. ɹʘʪʦʣʠʪ ʩʣʦʞʝʥ ʧʦʨʦʜʘʤʠ, ʚʘʨʴʠʨʫʶʱʠ-
ʤʠ ʧʦ ʩʦʩʪʘʚʫ ʦʪ ʛʘʙʙʨʦʠʜʦʚ ʜʦ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ 
ʤʘʩʩʠʚʳ ʙʘʪʦʣʠʪʘ ʦʪʥʝʩʝʥʳ ʢ ʭʘʥʛʘʡʩʢʦʤʫ ʣʠʙʦ ʢ ʰʘʨʘʫʩʛʦʣʴʩʢʦʤʫ ʢʦʤʧʣʝʢʩʘʤ, ʢʦʪʦʨʳʝ ʧʨʠ ʬʦʨʤʘʮʠ-
ʦʥʥʦʤ ʘʥʘʣʠʟʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ ʛʨʘʥʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʘʷ ʠ ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʘʷ ʬʦʨʤʘʮʠʠ ʩʦ-
ʦʪʚʝʪʩʪʚʝʥʥʦ [ʂʘʨʪʘé, 1989; ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠé, 1995; ʆʨʦʣʤʘʘ ʠ ʜʨ., 2008].

ʇʦʨʦʜʳ ʭʘʥʛʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʩʪʨʦʝʥʠʠ ʙʘʪʦʣʠʪʘ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʨʦʛʦʚʦʦʙʤʘʥ-
ʢʦʚʦ-ʙʠʦʪʠʪʦʚʳʝ ʠ ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʠʪʳ [ʌʝʜʦʨʦʚʘ, 1977]. ʇʦʜʯʠʥʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-
ʥʠʝ ʠʤʝʶʪ ʪʦʥʘʣʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʜʚʫʭʬʘʟʥʦʝ ʩʪʘʥʦʚʣʝʥʠʝ 
ʤʘʩʩʠʚʦʚ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ [ʌʝʜʦʨʦʚʘ, 1977; ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠé, 1995]. ʇʝʨʚʫʶ ʬʘʟʫ ʩʦʩʪʘʚʣʷ-
ʶʪ ʛʨʘʥʦʜʠʦʨʠʪʳ ʩ ʢʚʘʨʮʝʚʳʤʠ ʜʠʦʨʠʪʘʤʠ ʠ ʪʦʥʘʣʠʪʘʤʠ, ʚʪʦʨʫʶ ð ʩʦʙʩʪʚʝʥʥʦ ʛʨʘʥʠʪʳ. ʄʘʩʩʠʚʳ 
ʰʘʨʘʫʩʛʦʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʷʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦʨʦʜ ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʥʦʡ 
ʘʩʩʦʮʠʘʮʠʠ [ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠé, 1995]. ʆʥʠ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʙʘ-
ʪʦʣʠʪʘ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʫʤʷ ʬʘʟʘʤʠ ʚʥʝʜʨʝʥʠʷ. ɻʨʘʥʠʪʳ ʛʣʘʚʥʦʡ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ. ʇʦʨʦʜʳ ʚʪʦʨʦʡ ʬʘʟʳ ʩʣʦ-
ʞʝʥʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ ʠ ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ.

ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ ʙʘʪʦʣʠʪʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʳ ʩʠʥʧʣʫʪʦʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʦʩʥʦʚʥʦ-
ʛʦðʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʧʨʦʷʚʣʝʥʥʳʝ ʚ ʚʠʜʝ ʜʘʝʢ, ʰʪʦʢʦʚ, ʥʝʙʦʣʴʰʠʭ ʤʘʩʩʠʚʦʚ. ʆʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 
ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ, ʥʦ ʚ ʨʘʟʥʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʦʥʘʤʠ ʤʠʥʛʣʠʥ-
ʛʘ ʥʘ ʢʦʥʪʘʢʪʘʭ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ. ʉʦʩʪʘʚ ʪʘʢʠʭ ʜʘʝʢ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ ʛʘʙʙʨʦ ʜʦ ʢʚʘʨ-
ʮʝʚʳʭ ʜʠʦʨʠʪʦʚ. ʆʜʥʦʚʦʟʨʘʩʪʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʡ ʙʘʟʠʪʦʚʦʛʦ ʠ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʚ ʧʨʝʜʝʣʘʭ 
ʙʘʪʦʣʠʪʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʪʘʢʞʝ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ [ʀʟʦʭ ʠ ʜʨ., 2011].

ʆʩʦʙʦ ʦʪʤʝʪʠʤ ʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʩʪʨʦʝʥʠʠ ʙʘʪʦʣʠʪʘ ʚ ʧʦʩʣʝʜʥʝʝ 
ʚʨʝʤʷ. ʕʪʦ ʥʝʙʦʣʴʰʠʝ ʪʝʣʘ, ʩʣʦʞʝʥʥʳʝ ʱʝʣʦʯʥʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ, ʵʛʠʨʠʥ-ʘʨʬʚʝʜʩʦʥʠʪʦʚʳʤʠ ʛʨʘʥʠ-
ʪʘʤʠ. ʇʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʧʦ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʘʤ ʦʥʠ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʦʤ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʨʠʬʪʦʚʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʙʘʪʦʣʠʪʘ [ʗʨʤʦʣʶʢ ʠ 
ʜʨ., 2013ʙ]. ʅʝʩʤʦʪʨʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʩʦʩʪʘʚʘ, ʧʦʨʦʜʳ ʨʘʟʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ 
ʙʘʪʦʣʠʪʘ ʚ ʮʝʣʦʤ ʷʚʣʷʶʪʩʷ ʙʣʠʟʢʦʦʜʥʦʚʦʟʨʘʩʪʥʳʤʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ [ʗʨʤʦʣʶʢ ʠ ʜʨ., 2008, 2013ʙ,ʚ].

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ɻʦʙʠ-ɸʣʪʘʡʩʢʦʡ ʠ ʉʝʚʝʨʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʨʠʬʪʦʚʳʭ ʟʦʥ ʙʳʣʠ ʦʭʘʨʘʢ-
ʪʝʨʠʟʦʚʘʥʳ ʚ [ʗʨʤʦʣʶʢ ʠ ʜʨ., 2000, 2013ʘ; ʗʨʤʦʣʶʢ, ʂʦʚʘʣʝʥʢʦ, 2003ʙ; ʂʦʟʣʦʚʩʢʠʡ ʠ ʜʨ., 2006]. ʕʪʠ 
ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʤʦʜʘʣʴʥʳʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 2000ð3000 ʤ, 
ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʫʯʘʩʪʚʫʶʪ ʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʙʘʟʘʣʴʪʳ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʘ ʪʘʢʞʝ ʱʝʣʦʯʥʦ-ʩʘʣʠʯʝʩʢʠʝ 
ʧʦʨʦʜʳ ð ʪʨʘʭʠʨʠʦʣʠʪʳ, ʢʦʤʝʥʜʠʪʳ ʠ ʧʘʥʪʝʣʣʝʨʠʪʳ. ʇʦʨʦʜʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʩʦʩʪʘʚʘ (ʘʥʜʝʟʠʪʳ ʠ 
ʜʘʮʠʪʳ) ʠʤʝʶʪ ʨʝʟʢʦ ʧʦʜʯʠʥʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʀʥʜʠʢʘʪʦʨʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʨʠʬ-
ʪʦʚʳʭ ʟʦʥ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ. ʆʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʫʨʦʯʝʥʳ ʢ ʙʦʨʪʘʤ ʛʨʘʙʝʥʦʚ ʠ ʦʙ-
ʨʘʟʫʶʪ ʮʝʧʦʯʢʠ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʪʨʘʩʩʠʨʫʶʱʠʭ ʵʪʠ ʟʦʥʳ.

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʥʳʭ ʟʦʥ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʚʳʷʚʣʷʝʪ ʨʝʟʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʩʦʩʪʘʚʝ ʩʦʦʪʚʝʪʩ-
ʪʚʫʶʱʠʭ ʠʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. ʄʘʛʤʘʪʠʟʤ ʨʠʬʪʦʚʳʭ ʟʦʥ ʚʳʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʙʠʤʦʜʘʣʴʥʳʭ 
ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʨʦʜ ʩʫʙʱʝʣʦʯʥʦʛʦ ʠ ʱʝʣʦʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ. ɺ ʩʪʨʦʝʥʠʠ ʙʘʪʦʣʠʪʘ ʧʨʝʦʙʣʘʜʘʶʪ ʛʨʘʥʠʪʦʠʜʳ, ʚʘʨʴʠʨʫʶʱʠʝ ʧʦ ʩʦʩʪʘʚʫ ʦʪ ʪʦʥʘ-

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʢʦʨʳ ʍʘʥ-
ʛʘʡʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʚʨʝʤʝʥʠ ʝʝ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ.
1ð3 ð ʙʣʦʢʠ ʢʦʨʳ: 1 ð ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ, 2 ð ʥʝʦ
ʧʨʦʪʝʨʦʟʦʡʩʢʦʡ, 3 ð ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ; 4 ð ʤʘʩʩʠʚʳ 
ʙʘʪʦʣʠʪʘ; 5 ð ʨʠʬʪʦʚʳʝ ʟʦʥʳ; 6 ð ʤʝʩʪʘ ʦʪʙʦʨʘ ʧʨʦʙ 
ʜʣʷ ʠʟʦʪʦʧʥʳʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.
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ʣʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʜʦ ʫʣʴʪʨʘʢʠʩʣʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ. ʅʝʪʠʧʠʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ʱʝ-
ʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ ʦʪʨʘʞʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʦʙʱʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʮʝʥ-
ʪʨʘʣʴʥʳʭ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʫʯʘʩʪʢʘʭ ʟʦʥʘʣʴʥʦʛʦ ʘʨʝʘʣʘ.

ʉостаɺы магматических ассоциаций и их ɺариации  
ɺ структурах магматической области

ɺ ʦʩʥʦʚʫ ʵʪʠʭ ʧʦʩʪʨʦʝʥʠʡ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʝʥʥʳʭ ʚ ʨʘʙʦʪʝ [ʗʨʤʦʣʶʢ, ʂʦʟʣʦʚʩʢʠʡ, 2014].

ʈʘʟʣʠʯʠʷ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʮʝʥʪʨʝ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʫʯʘʩ-
ʪʢʘʭ ʟʦʥʘʣʴʥʦʛʦ ʘʨʝʘʣʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʟʠʪʝʣʴʥʳ (ʨʠʩ. 3). ʅʘ ʜʠʘʛʨʘʤʤʝ SiO2ð(Na2O + K2O) (ʩʤ. 
ʨʠʩ. 3, ʘ) ʧʦʨʦʜʳ ʨʠʬʪʦʚʳʭ ʟʦʥ ʚʳʜʝʣʷʶʪʩʷ ʦʪʯʝʪʣʠʚʳʤ ʙʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ 
ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚ ʠ ʙʘʟʘʣʴʪʦʚ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ, ʩ ʜʨʫʛʦʡ, ð ʱʝʣʦʯʥʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ 
ʠ ʛʨʘʥʠʪʦʚ, ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ ʠ ʩʠʝʥʠʪʦʚ ʠ ʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ.

ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ ʧʦʨʦʜʳ ʙʘʪʦʣʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʧʨʝʨʳʚʥʳʤ ʥʘʙʦʨʦʤ ʩʦʩʪʘʚʦʚ ʦʪ ʛʘʙʙʨʦ ʜʦ 
ʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʛʨʫʧʧʠʨʫʶʱʠʭʩʷ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʧʦʣʷʤʠ ʩʦʩʪʘʚʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʩʫʙʱʝʣʦʯʥʦʛʦ 
ʨʷʜʦʚ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʛʨʘʥʠʪʦʠʜʳ, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʵʪʦʡ ʦʙʱʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 
ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʪʨʝʥʜ, ʪʠʧʠʯʥʳʡ ʜʣʷ ʢʠʩʣʳʭ ʧʦʨʦʜ ʨʠʬʪʦʚʳʭ ʟʦʥ. ʇʦʨʦʜʳ ʵʪʦʛʦ ʪʨʝʥʜʘ ʪʘʢʞʝ ʯʝʪʢʦ 
ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ ʛʨʘʬʠʢʝ KʘðSiO2 (ʩʤ. ʨʠʩ. 3, ʙ). ʆʥʠ ʧʦʜʦʙʥʦ ʢʠʩʣʳʤ ʧʦʨʦʜʘʤ ʨʠʬʪʦʚʳʭ ʟʦʥ ʚʳʜʝʣʷ-
ʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʘʛʧʘʠʪʥʦʩʪʠ (Kʘ Ó 0.9), ʥʝ ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ SiO2, ʯʪʦ 
ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʜʨʫʛʠʭ ʧʦʨʦʜ ʙʘʪʦʣʠʪʘ.

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʠʩʣʳʭ ʧʦʨʦʜ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʘʨʝʘʣʘ ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩ. 4.
ɻʨʘʥʠʪʦʠʜʳ ʙʘʪʦʣʠʪʘ ʥʘ ʛʨʘʬʠʢʘʭ ʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʯʝʥʠʝʤ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʘʛʧʘʠʪʥʦʩʪʠ Kʘ, ʤʝʥʴʰʠʤ ʠʣʠ ʙʦʣʴʰʠʤ 0.9.
ʇʦʨʦʜʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ (Kʘ < 0.9) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʘʨʴʠʨʫʶʱʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ɺʘ, ʚʳʩʦʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ Th ʠ U, ʂ, Sr, ʛʣʫʙʦʢʠʤ Ta-Nb ʤʠʥʠʤʫʤʦʤ, ʧʦʥʠʞʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ P ʠ Ti. ʉʧʝʢʪʨ 
ʈɿʕ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʣʝʛʢʠʭ ʈɿʕ (La/Sm)n ~ 4.5 ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ 
ʪʷʞʝʣʳʭ (Tb/Yb)n ~ 1.6. ʉʣʘʙʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ Eu ʘʥʦʤʘʣʠʷ ʦʪʤʝʯʘʝʪʩʷ ʥʝʧʦʚʩʝʤʝʩʪʥʦ. ʕʪʠ ʧʦʨʦʜʳ ʧʦ 
ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʙʣʠʟʢʠ ʢ ʩʨʝʜʥʝʤʫ ʩʦʩʪʘʚʫ ʚʝʨʭʥʝʡ ʢʦʨʳ [Rudnik, Gao, 2003].

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʛʨʘʥʠʪʦʠʜʦʚ (Kʘ Ó 0.9) ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʝʝ ʨʝʟʢʠʤʠ ʤʠʥʠʤʫʤʘʤʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʩʦ-
ʜʝʨʞʘʥʠʡ ɺʘ, Ta, Nb, Sr, P, Ti, ʧʦʩʪʦʷʥʥʳʤ ʛʣʫʙʦʢʠʤ Eu ʤʠʥʠʤʫʤʦʤ. ʇʦʨʦʜʳ ʦʙʦʛʘʱʝʥʳ Th, U, Zr, Hf, 
ʘ ʪʘʢʞʝ ʣʝʛʢʠʤʠ ʈɿʕ (La/Sm)n ~ 5.7. ʊʷʞʝʣʳʝ ʈɿʕ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝ
ʥʠʝʤ (Tb/Yb)n ~ 1.4. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʩʦʩʪʘʚʦʤ ʚʝʨʭʥʝʡ ʢʦʨʳ ʵʪʠ ʛʨʘʥʠʪʦʠʜʳ ʦʪʣʠʯʘʶʪʩʷ ʙʦ-
ʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʙʦʣʴʰʠʥʩʪʚʘ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ.

ʂʠʩʣʳʝ ʧʦʨʦʜʳ ʨʠʬʪʦʚʳʭ ʟʦʥ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʳʤʠ ʩʧʝʢʪʨʘʤʠ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʷ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʨʝʜʥʠʤ ʩʦʩʪʘʚʦʤ ʚʝʨʭʥʝʡ ʢʦʨʳ, ʘ ʪʘʢʞʝ ʩ 
ʛʨʘʥʠʪʦʠʜʘʤʠ ʙʘʪʦʣʠʪʘ ʛʨʫʧʧʳ (Kʘ < 0.9) ʦʥʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥ-
ʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʈɿʕ, ʦʩʦʙʝʥʥʦ ʪʷʞʝʣʳʭ, Zr, Hf, ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʝʝ ʛʣʫʙʦʢʠʤ Ta-Nb ʤʠʥʠʤʫʤʦʤ. 
ʉʧʝʢʪʨʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʠʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʪʷʞʝʣʦʡ ʯʘʩʪʠ 
ʩʧʝʢʪʨʘ (Tb/Yb)n ~ 1.2 ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʚ ʣʝʛʢʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ (La/Sm)n ~ 3.6. 
ʄʠʥʠʤʫʤʳ ʩʦʜʝʨʞʘʥʠʡ Ba, Sr, P, Ti, Eu ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠ-
ʥʝʨʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʪʠ ʵʣʝʤʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʠʣʴʤʝʥʠʪʘ, ʨʫʪʠʣʘ, ʘʧʘʪʠʪʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʚ ʬʦʨʤʠ-
ʨʦʚʘʥʠʠ ʧʦʨʦʜ. ʇʦ ʵʪʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢ ʥʠʤ ʧʨʠʙʣʠʞʘʶʪʩʷ ʛʨʘʥʠʪʦʠʜʳ ʛʨʫʧʧʳ (Kʘ Ó 0.9).

ʆʩʥʦʚʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʟʦʥʘʣʴʥʦʛʦ ʘʨʝʘʣʘ ʚ ʮʝʣʦʤ ʚʳʜʝʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨ-
ʞʘʥʠʷʤʠ TiO2 (ʚ ʦʩʥʦʚʥʦʤ ʦʪ 1.6 ʜʦ 3 ʤʘʩ. %). ʇʦʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʥʝʝ 1.9 ʤʘʩ. % TiO2, ʢʘʢ ʧʨʘʚʠʣʦ, 
ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳ, ʯʪʦ ʦʪʨʘʞʝʥʦ ʚ ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʩʤʝ-
ʱʝʥʥʳʭ ʚ ʩʪʦʨʦʥʫ ʩʦʩʪʘʚʘ ʢʦʨʳ (ʨʠʩ. 5). ɺʳʩʦʢʦ-Ti ʙʘʟʠʪʳ (> 1.9 ʤʘʩ. % TiO2) ʠʟ ʨʘʟʥʳʭ ʟʦʥ ʘʨʝʘʣʘ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʘʪʴ ʠʭ ʩ ʦʙʱʠʤ ʤʘʛ-
ʤʘʪʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ. ʆʥʠ ʠʤʝʶʪ ʩʭʦʜʩʪʚʦ ʩ ʩʦʩʪʘʚʦʤ OIB, ʦʩʦʙʝʥʥʦ ʧʦ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ, 
ʭʦʪʷ ʠ ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʷʞʝʣʳʭ ʈɿʕ (ʩʤ. ʨʠʩ. 5). ʆʪʣʠʯʘʶʪʩʷ ʦʥʠ ʦʪ OIB 
ʥʝʩʢʦʣʴʢʦ ʧʦʥʠʞʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Ti, Zr ʠ Hf, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ Ta-Nb ʤʠʥʠʤʫʤʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʤ 
ʩʚʦʡʩʪʚʝʥʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Ba, P ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ Sr.

ʆʙʦʙʱʘʷ ʵʪʠ ʜʘʥʥʳʝ, ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʵʣʝʤʝʥʪʳ ʩʭʦʜʩʪʚʘ ʚ ʧʨʦʷʚʣʝʥʠʷʭ ʤʘʛʤʘʪʠʟʤʘ ʚ ʨʘʟ-
ʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥʘʭ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʛʨʘʥʠʪʦʠʜʦʚ ʙʘʪʦʣʠʪʘ ʙʣʠʟʢʘ ʧʦ 
ʩʚʦʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢ ʩʦʩʪʘʚʫ ʤʦʜʝʣʴʥʦʡ ʚʝʨʭʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʩʣʝʜʥʠʤ 
ʛʨʘʥʠʪʦʠʜʳ ʨʠʬʪʦʚʳʭ ʟʦʥ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʟʘ 
ʠʩʢʣʶʯʝʥʠʝʤ ʪʝʭ, ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (Ba, Sr, Eu), 
ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʠ ʘʧʘʪʠʪʘ (Ti, P). ɺ ʩʪʨʦʝʥʠʠ ʙʘʪʦʣʠʪʘ ʢ ʨʠʬʪʦʛʝʥʥʳʤ (ʘʥʦʨʦʛʝʥʥʳʤ) ʙʣʠʟʢʠ ʛʨʘʥʠʪʦ-
ʠʜʳ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʛʧʘʠʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʧʦʟʠ-
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ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʍʘʥʛʘʡʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʛʨʘʬʠʢʘʭ 
(Na2O + K2O)ðSiO2 (ʘ) ʠ KaðSiO2 (ʙ).
1, 2 ð ʧʦʨʦʜʳ ʙʘʪʦʣʠʪʘ: 1 ð ʛʨʘʥʠʪʦʠʜʳ, 2 ð ʧʦʨʦʜʳ ʩʠʥʧʣʫʪʦʥʠʯʝʩʢʠʭ ʜʘʝʢ; 3, 4 ð ʧʦʨʦʜʳ ʨʠʬʪʦʚʳʭ ʟʦʥ: 3 ð ɻʦʙʠ-ɸʣʪʘʡʩ-
ʢʦʡ, 4 ð ʉʝʚʝʨʦ-ʄʦʥʛʦʣʴʩʢʦʡ; 5 ð ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʢʦʨʳ, ʚʤʝʱʘʶʱʝʡ ʙʘʪʦʣʠʪ. ʐʪʨʠʭʦʚʦʡ ʣʠʥʠʝʡ ʦʛʨʘʥʠʯʝʥʘ ʦʙʣʘʩʪʴ ʩʦʩʪʘʚʦʚ 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ.
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ʮʠʶ ʤʝʞʜʫ ʥʠʤʠ ʠ ʛʨʘʥʠʪʘʤʠ ʙʘʪʦʣʠʪʘ. ʊʝʤ ʩʘʤʳʤ ʦʥʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʵʣʝʤʝʥʪʳ ʩʭʦʜʩʪʚʘ ʚ ʧʨʦʮʝʩʩʘʭ 
ʤʘʛʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʟʦʥʘʭ ʦʙʣʘʩʪʠ.

ɹʦʣʝʝ ʚʳʨʘʟʠʪʝʣʴʥʦ ʩʭʦʜʩʪʚʦ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʠʚʰʠʭ ʤʘʛʤʘʪʠʟʤ ʦʙʣʘʩʪʠ, ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʧʦ-
ʨʦʜʘʤʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʩʦʙʝʥʥʦ ʠʭ ʚʳʩʦʢʦ-Ti ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʆʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʦ ʚʩʝʭ ʟʦʥʘʭ 
ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʧʨʝʜʝʣʘʭ ʙʘʪʦʣʠʪʘ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠ-
ʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʦʝ ʩʭʦʜʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʜʠʥʩʪʚʦ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯ-
ʥʠʢʘ.

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Nd ʧʦʨʦʜ ʟʦʥʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʘʨʝʘʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʩʪʦʯʥʠʢʦʚ 
ʤʘʛʤʘʪʠʟʤʘ ʍʘʥʛʘʡʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦʙ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ Nd ʢʘʢ ʤʘʛʤʘʪʠ-
ʯʝʩʢʠʭ ʧʦʨʦʜ, ʪʘʢ ʠ ʧʦʨʦʜ ʚʤʝʱʘʶʱʝʡ ʝʛʦ ʢʦʨʳ [ʗʨʤʦʣʶʢ, ʂʦʟʣʦʚʩʢʠʡ, 2014]. ʉʭʝʤʘ ʦʧʨʦʙʦʚʘʥʠʷ 
ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3. ɼʘʥʥʳʝ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩ. 6.

ʈʠʩ. 4. ʉʧʘʡʜʝʨʛʨʘʤʤʳ ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.
ʉʝʨʦʡ ʟʘʣʠʚʢʦʡ ʚʳʜʝʣʝʥʦ ʧʦʣʝ ʩʦʩʪʘʚʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, ʢʦʪʦʨʦʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʘʭ ʥʠʞʥʝʡ, ʩʨʝʜ-
ʥʝʡ, ʚʝʨʭʥʝʡ ʠ ʦʙʱʝʡ ʢʦʨʳ, ʧʦ [Rudnick, Gao, 2003].
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ʂʦʤʧʣʝʢʩʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚʤʝʱʘʶʱʘʷ ʍʘʥʛʘʡʩʢʠʡ ʤʘʛʤʘʪʠ-
ʯʝʩʢʠʡ ʘʨʝʘʣ ʢʦʨʘ ʠʤʝʝʪ ʛʝʪʝʨʦʛʝʥʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʨʦʜ ʨʷʜʘ ʨʘʥʥʝʜʦʢʝʤʙ-
ʨʠʡʩʢʠʭ ʠ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʭ ʪʝʨʨʝʡʥʦʚ. ʉʦʩʪʘʚ ʢʦʨʳ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʙʣʦʢʦʚ ʦʧʨʝʜʝʣʷʶʪ ʛʥʝʡʩʳ, 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʠ ʘʤʬʠʙʦʣʠʪʳ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʡ (2600ð2500 
ʤʣʥ ʣʝʪ) ʜʣʷ ʙʘʡʜʘʨʘʛʠʥʩʢʦʛʦ ʠ ʙʫʤʙʫʛʝʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ɹʘʡʜʘʨʘʛʠʥʩʢʦʛʦ ʙʣʦʢʘ [ʂʦʟʘʢʦʚ, 1986] ʠ 
ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ (2400 ʤʣʥ ʣʝʪ) ʜʣʷ ʜʞʘʨʛʘʣʘʥʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʊʘʨʙʘʛʘʪʘʡʩʢʦʛʦ ʙʣʦʢʘ [ʂʦʟʘʢʦʚ ʠ 
ʜʨ., 2011]. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Nd ʵʪʠʭ ʧʦʨʦʜ, ʨʘʩʩʯʠʪʘʥʥʳʡ ʥʘ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʪʦʣʠʪʘ ~260 ʤʣʥ 
ʣʝʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ŮNd(260) ʠ ʤʦʜʝʣʴʥʳʤʠ ʚʦʟʨʘʩʪʘʤʠ TNd(DM-2st) = 
= 2.5ð3.2 ʤʣʨʜ ʣʝʪ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʜʨʝʚʥʠʡ ʩʦʩʪʘʚ ʢʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ (ʩʤ. ʨʠʩ. 6).

ɺ ʩʦʩʪʘʚʝ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʉʦʥʛʠʥʩʢʦʛʦ, ɼʟʘʙʭʘʥ-ʄʘʥʜʘʣʩʢʦʛʦ ʠ ɼʟʘʙʭʘʥʩʢʦʛʦ ʙʣʦ-
ʢʦʚ ʫʯʘʩʪʚʫʶʪ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʦʨʳʚʘʶʱʠʝ ʠʭ ʛʘʙʙʨʦʠʜʳ ʠ ʛʨʘʥʠʪʦʠʜʳ 
[ʂʦʟʘʢʦʚ ʠ ʜʨ., 2011, 2013]. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Nd ʵʪʠʭ ʧʦʨʦʜ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ ŮNd(260) 
ʦʪ ï15 ʜʦ +7 [ʂʦʟʘʢʦʚ ʠ ʜʨ., 2011, 2012, 2013] (ʩʤ. ʨʠʩ. 6). ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚʝʥʥʳ ʚ ʦʩ-
ʥʦʚʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʤ ʤʝʪʘʚʫʣʢʘʥʠʪʘʤ ʠ ʛʘʙʙʨʦʠʜʘʤ, ʘ ʪʘʢʞʝ ʘʩʩʦʮʠʠʨʫʶʱʠʤ ʩ ʥʠʤʠ ʪʝʨʨʠʛʝʥ-

ʈʠʩ. 5. ʉʧʘʡʜʝʨʛʨʘʤʤʳ ʜʣʷ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.
1 ð ʙʘʟʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ TiO2 > 1.9 ʤʘʩ. %; 2 ð ʙʘʟʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ TiO2 < 1.9 ʤʘʩ. %; 3 ð ʧʦʣʝ ʩʦʩʪʘʚʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ, 
ʢʦʪʦʨʦʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʘʭ ʥʠʞʥʝʡ, ʩʨʝʜʥʝʡ, ʚʝʨʭʥʝʡ ʠ ʦʙʱʝʡ ʢʦʨʳ, ʧʦ [Rudnick, Gao, 2003]; 4 ð OIB, ʧʦ 
[Sun, McDonough, 1989].
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ʥʳʤ ʧʦʨʦʜʘʤ, ʫʢʘʟʳʚʘʷ ʥʘ ʠʭ ʧʨʠʥʘ-
ʜʣʝʞʥʦʩʪʴ ʢ ʧʨʦʜʫʢʪʘʤ ʶʚʝʥʠʣʴʥʦʛʦ 
ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʚʝ-
ʣʠʯʠʥʳ ŮNd(260) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʤʝʪʘ-
ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʠ ʢʠʩʣʳʭ ʚʫʣʢʘʥʠ-
ʪʦʚ ʜʟʘʙʭʘʥʩʢʦʡ ʩʝʨʠʠ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʦʙ ʫʯʘʩʪʠʠ 
ʚ ʠʩʪʦʯʥʠʢʝ ʩʥʦʩʘ ʜʨʝʚʥʝʛʦ (TNd(DM-
2st) = = 1.5ð2.7 ʤʣʨʜ ʣʝʪ) ʢʦʨʦʚʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʥʦ ʠ ʥʘ ʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 
ʬʫʥʜʘʤʝʥʪʝ ɼʟʘʙʭʘʥʩʢʦʛʦ ʙʣʦʢʘ. ɹʣʠʟ-
ʢʠʝ ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʧʦ-
ʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʍʘʥʛʘʡʩʢʦʛʦ ʧʨʦʛʠʙʘ, 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʝʛʦ ʩʚʷʟʴ ʩ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ɼʟʘʙʭʘʥ-ʄʘʥʜʘʣʩʢʦʛʦ ʠ ʉʦʥ-
ʛʠʥʩʢʦʛʦ ʙʣʦʢʦʚ.

ʂʦʤʧʣʝʢʩʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʙʘʪʦʣʠʪʘ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Nd ʩʠʥʧʣʫʪʦʥʠʯʝʩʢʠʭ ʙʘʟʠʪʦʚʳʭ 
ʜʘʝʢ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ŮNd(260) = +4 ʜʦ ï10 (ʩʤ. ʨʠʩ. 6). ʆʪʤʝʯʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʠʭ ʠʟʦʪʦʧ-
ʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʧʦʨʦʜʘʭ ʢʨʝʤʥʝʟʝʤʘ ʚ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 48ð63 ʤʘʩ. % SiO2 ʠ ʩʙʣʠʞʝ-
ʥʠʝ ʩ ʩʦʩʪʘʚʘʤʠ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ (ʨʠʩ. 7). ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʢʦʨʦ-
ʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʦʜ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʭ 
ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ.

ɻʨʘʥʠʪʦʠʜʳ ʙʘʪʦʣʠʪʘ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ Nd (ʩʤ. 
ʨʠʩ. 6). ɺʝʣʠʯʠʥʘ ŮNd(260) ʚ ʥʠʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ï15 ʜʦ +1.6. ʇʨʝʦʙʣʘʜʘʶʪ ʛʨʘʥʠʪʦʠʜʳ, ʚ ʢʦʪʦʨʳʭ 
ŮNd(260) > ï3. ʇʨʠ ʵʪʦʤ ʩʪʨʦʛʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʩ ʚʦʟʨʘʩʪʦʤ ʚʤʝʱʘʶʱʝʡ ʠʭ ʢʦʨʳ ʥʝ ʩʫʱʝʩʪ-
ʚʫʝʪ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʝʜʝʣʘʭ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʙʣʦʢʦʚ ʛʨʘʥʠʪʦʠʜʳ ʦʜʥʦʡ ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜ
ʣʝʞʥʦʩʪʠ ʚʘʨʴʠʨʫʶʪ ʧʦ ʚʝʣʠʯʠʥʝ ŮNd(260) ʦʪ ï15 ʜʦ +1, ʨʘʩʧʨʝʜʝʣʷʷʩʴ ʤʝʞʜʫ ʧʦʣʷʤʠ ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘ-
ʚʦʚ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠ ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʭ ʧʦʨʦʜ ʠ ʩʦʩʪʘʚʘʤʠ ʥʘʠʤʝʥʝʝ ʢʦʥʪʘʤʠʥʠʨʦʚʘʥʥʳʭ 
ʚʳʩʦʢʦ-Ti ʙʘʟʠʪʦʚ.

ʂʦʤʧʣʝʢʩʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʨʠʬʪʦʚʳʭ ʟʦʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʣʠʟʢʠʤʠ ʠʟʦʪʦʧʥʳʤʠ ʩʦʩʪʘʚʘ-
ʤʠ [ʗʨʤʦʣʶʢ ʠ ʜʨ., 2003ʙ; ʂʦʟʣʦʚʩʢʠʡ ʠ ʜʨ., 2012, 2014; ʗʨʤʦʣʶʢ, ʂʦʟʣʦʚʩʢʠʡ, 2014]. ʀʭ ʚʘʨʠʘʮʠʠ 
ʧʨʦʠʩʭʦʜʷʪ ʚ ʜʠʘʧʘʟʦʥʝ ʚʝʣʠʯʠʥ ŮNd(260) = ï3é+8, ʧʨʠ ʷʚʥʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ ʧʦʨʦʜ ʙʦʣʝʝ ʫʟʢʦʛʦ ʜʠʘʧʘ-
ʟʦʥʘ ʟʥʘʯʝʥʠʡ ŮNd(260) = ï1é+4 (ʩʤ. ʨʠʩ. 7). ʉʨʝʜʥʠʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʚʳʩʦʢʦ-Ti ʙʘʟʘʣʴʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 
ŮNd(260) = +2.5 ʠ ʟʜʝʩʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʤʘʛʤʘʪʠʟʤʘ ʦʙʣʘʩʪʠ.

ʆʪʤʝʪʠʤ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Nd ʧʦʨʦʜ ʨʠʬʪʦʛʝʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʠʭ 
ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʢ ʦʩ-
ʥʦʚʥʳʝ, ʪʘʢ ʠ ʢʠʩʣʳʝ ʧʦʨʦʜʳ. ʕʪʦʪ ʬʘʢʪ ʧʦʟ-
ʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʦʙʱʠʡ ʠʩʪʦʯʥʠʢ ʤʘʛʤʘ-
ʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʜʣʷ ʧʦʨʦʜ ʨʠʬʪʦʚʳʭ ʟʦʥ, ʘ 
ʪʘʢʞʝ ʚʦʟʤʦʞʥʫʶ ʚʝʜʫʱʫʶ ʨʦʣʴ ʧʨʦʮʝʩʩʦʚ 
ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʠʩʣʳʭ ʧʨʦ-
ʠʟʚʦʜʥʳʭ ʨʠʬʪʦʛʝʥʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ.

ʈʠʩ. 6. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Nd ʧʦʨʦʜ 
ʍʘʥʛʘʡʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.
1 ð ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ ʚʳʩʦʢʦ-Ti ʙʘʟʘʣʴʪʘ. ʆʩʪʘʣʴ-
ʥʳʝ ʫʩʣ. ʦʙʦʟʥ. ʩʤ. ʥʘ ʨʠʩ. 3.

ʈʠʩ. 7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʍʘʥ-
ʛʘʡʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʛʨʘʬʠʢʝ 
ŮNd(260)ðSiO2.
ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ ʪʨʝʥʜʳ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ 
ʩʠʥʧʣʫʪʦʥʠʯʝʩʢʠʭ ʜʘʝʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠ-
ʥʘʮʠʠ ʠʩʭʦʜʥʳʭ ʙʘʟʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ. ʋʩʣ. ʦʙʦʟʥ. ʩʤ. ʥʘ 
ʨʠʩ. 3.
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ʀʩʪʦʯʥʠʢʠ ʤʘʛʤʘʪʠʟʤʘ ʟʦʥʘʣʴʥʦʛʦ ʘʨʝʘʣʘ. ɺʳʷʚʣʝʥʥʳʝ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ 
ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʍʘʥʛʘʡʩʢʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫ-
ʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʨʘʟʥʦʨʦʜʥʦʤ ʩʦʩʪʘʚʝ ʠʩʪʦʯ-
ʥʠʢʦʚ, ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʝʝ ʦʙʨʘʟʦʚʘʥʠʠ. ɻʨʘʥʠʪʦʠʜʳ ʙʘʪʦʣʠʪʘ, ʦʩʦʙʝʥʥʦ ʠʭ ʦʙʦʛʘʱʝʥʥʳʝ ʛʣʠʥʦʟʝʤʦʤ 
ʨʘʟʥʦʚʠʜʥʦʩʪʠ (Kʘ < 0.9), ʠʤʝʶʪ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʩʭʦʜʩʪʚʦ ʩ ʤʦʜʝʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ ʢʦʨʳ, ʧʨʝʞʜʝ 
ʚʩʝʛʦ, ʩ ʩʦʩʪʘʚʦʤ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʢʦʨʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʠʭ, ʧʦʨʦʜʳ ʨʠʬʪʦʚʳʭ ʟʦʥ ʦʪʚʝʯʘʶʪ ʶʚʝʥʠʣʴ-
ʥʦʤʫ, ʤʘʥʪʠʡʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʨʘʩʧʣʘʚʦʚ. ʀʭ ʚʳʩʦʢʦ-Ti ʙʘʟʠʪʦʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʦʧʨʝʜʝ-
ʣʝʥʥʳʤ ʩʭʦʜʩʪʚʦʤ ʩ ʙʘʟʘʣʴʪʘʤʠ OIB ʪʠʧʘ, ʭʦʪʷ ʠ ʥʝʩʫʪ ʚ ʩʝʙʝ ʩʫʙʜʫʢʮʠʦʥʥʳʝ ʤʝʪʢʠ (ʧʦʚʳʰʝʥʥʳʝ ʩʦ-
ʜʝʨʞʘʥʠʷ Ba, K, Pb ʠ ʧʦʥʠʞʝʥʥʳʝ Ta ʠ Nb). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʦʪʥʦʰʝʥʠʷʤʠ 
Zr/Y (5.5ð12) ʠ Zr/Sm (25ð40), ʯʪʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʘʟʘʣʴʪʦʚ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʛʨʘʥʠʮ (Zr/Y < 3.5 ʠ 
Zr/Sm < 20) [Wilson, 1989]. ʇʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʤʝʪʦʢ ʚ ʩʦʩʪʘʚʝ ʙʘʟʠʪʦʚ ʍʘʥʛʘʡʩʢʦʦʡ 
ʦʙʣʘʩʪʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘʤʠ ʨʘʥʝʝ [ʗʨʤʦʣʶʢ ʠ ʜʨ., 2000]. ɹʳʣʠ ʚʳʩʢʘʟʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ 
ʧʦʜʣʠʪʦʩʬʝʨʥʘʷ ʤʘʥʪʠʷ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʧʦʚʳʰʝʥʥʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʴʶ, ʩʚʷʟʘʥʥʦʡ ʩ ʟʦʥʘʤʠ 
ʢʦʥʚʝʨʛʝʥʮʠʠ, ʧʨʝʜʰʝʩʪʚʦʚʘʚʰʠʤʠ ʦʙʨʘʟʦʚʘʥʠʶ ʟʦʥʘʣʴʥʦʡ ʦʙʣʘʩʪʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʘʢʦʡ ʤʘʥʪʠʠ ʩ 
ʠʩʪʦʯʥʠʢʘʤʠ ʪʠʧʘ OIB ʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʧʨʦʜʫʢʪʘʭ ʧʣʘʚʣʝʥʠʷ ʤʝʪʦʢ ʩʫʙʜʫʢʮʠʦʥʥʦ ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ 
ʤʘʥʪʠʠ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʧʦʨʦʜʳ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʳʩʦʢʦ-Ti ʙʘʟʘʣʴʪʳ ʩʦʭʨʘʥʷʶʪ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʦʙʦʛʘʱʝʥʥʦʡ ʤʘʥʪʠʠ, ʧʦʜʦʙʥʦʡ ʠʩʪʦʯʥʠʢʘʤ OIB. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦ ʦʧʨʝʜʝʣʷʝʪ ʧʘʨʘʤʝʪʨʳ ʤʘʥʪʠʡ-
ʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʫʯʘʩʪʚʦʚʘʚʰʝʛʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʦʜ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ, ʯʪʦ 
ʙʘʟʘʣʴʪʳ ʨʠʬʪʦʚʳʭ ʟʦʥ ʦʙʣʘʜʘʶʪ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ ʩ ʘʩʩʦʮʠʠʨʫʶʱʠʤʠ ʩ ʥʠʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʩ ʧʘʥʪʝʣʣʝʨʠʪʘʤʠ ʠ ʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ [ʂʦʚʘʣʝʥʢʦ ʠ ʜʨ., 2001, 2009; ʂʦʟʣʦʚʩʢʠʡ ʠ ʜʨ., 2005, 
2006, 2007]. ʆʙ ʵʪʦʤ ʚ ʯʘʩʪʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʩʤ. ʨʠʩ. 6). ɺ ʮʝ-
ʣʦʤ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʚʝʜʫʱʝʝ ʫʯʘʩʪʠʝ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʨʠʬʪʦʛʝʥʥʦʛʦ 
ʤʘʛʤʘʪʠʟʤʘ.

ʉʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʘʨʘʤʝʪʨʘʭ ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʧʝʨʠʬʝ-
ʨʠʯʝʩʢʠʭ ʫʯʘʩʪʢʦʚ ʟʦʥʘʣʴʥʦʛʦ ʘʨʝʘʣʘ ʭʦʨʦʰʦ ʚʠʜʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ SiO2ðŮNd(T) (ʩʤ. ʨʠʩ. 7), ʥʘ ʢʦʪʦʨʦʡ 
ʩʦʩʪʘʚʳ ʨʠʬʪʦʛʝʥʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʦʩʥʦʚʥʦʤ ʣʝʞʘʪ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ŮNd(T), ʘ ʩʦʩʪʘ-
ʚʳ ʛʨʘʥʠʪʦʠʜʦʚ ʙʘʪʦʣʠʪʘ ʚ ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʪʦʠʜʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦ-
ʩʪʴʶ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʠʟʦʪʦʧʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʚʤʝʱʘʶʱʝʡ ʢʦʨʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʠʤʝʶʪ 
ʩʦʩʪʘʚʳ, ʢʦʪʦʨʳʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʦʚʧʘʜʘʶʪ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʦʨʦʜ ʨʠʬʪʦʛʝʥʥʳʭ ʘʩʩʦʮʠʘ-
ʮʠʡ. ʇʦʜʦʙʥʦʝ ʩʦʚʤʝʱʝʥʠʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʭʦʜʩʪʚʝ ʠʟʦʪʦʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʘʛʤ, 
ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʟʦʥ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ.

ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ʭʘʨʘʢʪʝʨ ʩʚʷʟʠ ʧʦʨʦʜ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʦʩʣʝ-
ʞʠʚʘʝʪʩʷ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʧʘʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 8). ʅʘ ʵʪʠʭ ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʪʘ-
ʚʳ ʛʨʘʥʠʪʦʠʜʦʚ ʙʘʪʦʣʠʪʘ ʠ ʧʦʨʦʜ ʨʠʬʪʦʚʳʭ ʟʦʥ ʦʙʨʘʟʫʶʪ ʦʙʱʠʡ ʪʨʝʥʜ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʦʥʠ ʚ ʩʫ-
ʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʜʝʣʝʥʳ. ʉʦʩʪʘʚʳ ʧʦʨʦʜ ʨʠʬʪʦʚʳʭ ʟʦʥ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʤʝʞʜʫ 
ʵʪʘʣʦʥʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʤʘʥʪʠʠ ʠ ʩʦʩʪʘʚʘʤʠ ʚʤʝʱʘʶʱʝʡ ʢʦʨʳ. ʅʘʠʙʦʣʴʰʫʶ ʩʪʝʧʝʥʴ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 
ʩʦʩʪʘʚʘʤ OIB ʠ E-MORB ʠʤʝʶʪ ʚʳʩʦʢʦʪʠʪʘʥʠʩʪʳʝ ʙʘʟʘʣʴʪʳ, ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘ-
ʶʪʩʷ ʤʝʞʜʫ ʵʪʠʤʠ ʩʦʩʪʘʚʘʤʠ ʠ ʵʪʘʣʦʥʦʤ ʙʘʟʘʣʴʪʦʚ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʛʨʘʥʠʮ (IAB). ɻʨʘʥʠʪʦʠʜʳ ʙʘʪʦʣʠʪʘ 
ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʧʦʣʝ ʧʦʨʦʜ ʚʤʝʱʘʶʱʝʡ ʢʦʨʳ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʝ ʢʘʢ ʥʘ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯ-
ʥʠʢ ʵʪʠʭ ʧʦʨʦʜ.

ʄʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʦʚ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʦʙ-
ʣʘʩʪʠ ʭʦʨʦʰʦ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʛʨʘʬʠʢʘʭ SiO2 ð ʨʘʩʩʝʷʥʳʡ ʵʣʝʤʝʥʪ (ʨʠʩ. 9), ʥʘ ʢʦʪʦʨʳʭ SiO2 ʚʳʩʪʫ-
ʧʘʝʪ ʚ ʚʠʜʝ ʠʥʜʝʢʩʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʅʘ ʥʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʪʨʝʥʜʦʚ ʚʘʨʠʘʮʠʡ 
ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ. ʆʜʠʥ ʠʟ ʥʠʭ ʦʪʚʝʯʘʝʪ ʪʨʝʥʜʫ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʘʟʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʨʠʬʪʦʚʳʭ ʟʦʥ, 
ʢʦʪʦʨʳʡ ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʛʘʪʳʭ ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʱʝʣʦʯʥʦ-ʛʨʘʥʠʪʦʠʜʥʳʭ ʨʘʩ-
ʧʣʘʚʦʚ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢʦʤʝʥʜʠʪʦʚ, ʧʘʥʪʝʣʣʝʨʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʝʨʠʠ 
ʧʦʨʦʜ ʜʦʩʪʘʪʦʯʥʦ ʦʙʳʯʥʳ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ɻʦʙʠ-ɸʣʪʘʡ-
ʩʢʦʡ ʠ ʉʝʚʝʨʦ-ʄʦʥʛʦʣʴʩʢʦʡ ʨʠʬʪʦʚʳʭ ʟʦʥ, ʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [ʗʨʤʦʣʶʢ, ʂʦʚʘʣʝʥʢʦ, 1991; ʂʦʚʘ-
ʣʝʥʢʦ ʠ ʜʨ., 2001, 2009; ʂʦʟʣʦʚʩʢʠʡ ʠ ʜʨ., 2005, 2006, 2007]. ɼʨʫʛʦʡ ʪʨʝʥʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ 
ʢʦʨʳ, ʚʤʝʱʘʶʱʝʡ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʪʨʝʥʜ (ʠʣʠ ʧʦʣʝ) ʩʦʩʪʘʚʦʚ ʘʥʘ-
ʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ. ɽʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʠʪʦʠʜʳ ʙʘʪʦʣʠʪʘ ʩ Kʘ < 0.9, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʧʨʘʢʪʠ-
ʯʝʩʢʠ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʧʦʣʷ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʢʦʨʳ. ʉʣʝʜʫʶʱʠʡ ʪʨʝʥʜ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʪʨʝʥʜ 
ʢʦʥʪʘʤʠʥʘʮʠʠ ʠʩʭʦʜʥʳʭ ʙʘʟʠʪʦʚʳʭ ʤʘʛʤ ʢʦʨʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɽʤʫ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʦʦʪʚʝʪʩʪʚʫ-
ʶʪ ʩʠʥʧʣʫʪʦʥʠʯʝʩʢʠʝ ʙʘʟʠʪʦʚʳʝ ʠʥʪʨʫʟʠʠ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʜʦʙʘʚʢʘʤʠ ʢʦ-
ʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘʢʦʥʝʮ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʠʜ ʚʘʨʠʘʮʠʡ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʩʧʣʘʚʦʚ ʜʠʬʬʝʨʝʥʮʠʦʥʥʦʛʦ ʠ ʘʥʘʪʝʢʪʠʯʝʩʢʦʛʦ ʪʨʝʥʜʦʚ. ɽʤʫ ʦʯʝʥʴ ʯʝʪʢʦ ʩʦʦʪʚʝʪʩ-
ʪʚʫʶʪ ʛʨʘʥʠʪʦʠʜʳ ʙʘʪʦʣʠʪʘ ʩ Kʘ > 0.9, ʩʦʩʪʘʚʳ ʢʦʪʦʨʳʭ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʩʚʷʟʳ-
ʚʘʶʱʫʶ ʦʙʣʘʩʪʴ ʘʥʘʪʝʢʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʩ ʧʨʦʜʫʢʪʘʤʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʙʘʟʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ.


