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<\_^_gb_ 

Ih^Z\eyxs__� [hevrbgkl\h� jZgg_^hd_f[jbckdbo�

fZ]fZlbq_kdbo b f_lZfhjnbq_kdbo�dhfie_dkh\�b�f_�

lZfhjnbah\Zgguo� kljZlbnbpbjh\Zgguo� ih^jZa^_e_�

gbc�<hjhg_`kdh]h� djbklZeebq_kdh]h�fZkkb\Z� ^h� ih�

ke_^g_]h�^_kylbe_lby g_�bf_eh kh\j_f_ggh]h�ij_pbab�

hggh]h�]_hojhgheh]bq_kdh]h�h[hkgh\Zgby�b�]_hobfb�

q_kdbo�oZjZdl_jbklbd��LZdZy�kblmZpby�aZljm^gyeZ kh�

a^Zgb_�̂ hklh\_jguo�e_]_g^�b�ko_f�kljZlb]jZnbb�b�fZ]�

fZlbafZ�jZgg_]h�^hd_f[jby b�jZkrbnjh\dm�w\hexpbb�

]_heh]bq_kdbo�ijhp_kkh\.  

G_�y\ey_lky bkdexq_gb_f�b�ZlZfZgkdbc�dhfie_dk, 

dhlhjuc�[ue�\u^_e_g�\����6 ]� [1] b�h[t_^bgye�lh]^Z�

\k_� jZgg_^hd_f[jbckdb_� kms_kl\_ggh� dZeb_\u_� km[�

s_ehqgu_� ]jZgblhb^u� <hjhg_`kdh]h� djbklZeebq_�

kdh]h�fZkkb\Z �<DF�. D�g_fm�[ueb�hlg_k_gu fZkkb\u�

jZaf_jhf�hl����^h�����df2, ]eZ\guf�h[jZahf��\�ij_^_�

eZo� ^j_\gbo� Zjo_ckdbo� [ehdh\�� <ihke_^kl\bb� hdZaZ�

ehkv��qlh�dZeb_\u_�]jZgblhb^u�qj_a\uqZcgh�jZaghh[�

jZagu� ih� khklZ\m� b� \hajZklm�� b� ba� ZlZfZgkdh]h� dhf�

ie_dkZ� klZeb� \uqe_gylv \k_� gh\u_� dhfie_dku�� qlh�

gZreh�hljZ`_gb_�\�ihke_^g_c�dhjj_eypbhgghc�ko_f_�

kljZlb]jZnbb�b�fZ]fZlbafZ�jZgg_]h�^hd_f[jby�<hjh�

g_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z [2].  

<� >hgkdhf� l_jj_cg_� \u^_e_gu ebkdbgkdbc� dhf�

ie_dk�ihkldheebabhgguo�]jZgblh\�:-lbiZ�k�\hajZklhf�

�����feg e_l [3] b�iZ\eh\kdbc�dhfie_dk�[Zlheblh\�ba�

\_kldh\h-s_ehqguo� ]jZgblhb^h\� i_kljh]h� khklZ\Z� k�

\hajZklhf�hdheh�����±2.07 fej^ e_l [4]. < Ehk_\kdhf�

l_jj_cg_�fgh]hqbke_ggu_�[Zlheblu ]jZgblh\�I-lbiZ�b�

fb]fZlblu� k� \hajZklhf� ����±�����feg e_l [5] [ueb�

h[t_^bg_gu�\�mkfZgkdbc�dhfie_dk��Z�]jZgblu�ba�dhev�

p_\hc�Hevoh\kdhc�bgljmabb�k�\hajZklhf������feg e_l 

[6, 7] ± \�hevoh\kdbc dhfie_dk. GZ�\hklhd_�<DF�\�<h�

jhgph\kdhf�l_jj_cg_�\k_�]jZgblu�h[t_^bg_gu�\�[h[�

jh\kdbc� dhfie_dk��ohly� kj_^b�gbo� \u^_eyxlky�ihkl�

dheebabhggu_�]jZgblu�A- b�S-lbih\��bf_xsb_�h^bgZ�

dh\uc�\hajZkl �����feg e_l [8]. <�Dmjkdhf�[ehd_�iZ�

e_hijhl_jhahckdb_� dZeb_\u_� ]jZgh^bhjblu� I-lbiZ� k�

\hajZklhf�hdheh������feg e_l [9] \�Lbf-Yklj_[h\kdhc�

kljmdlmj_� [ueb� hlg_k_gu� d� klhceh-gbdheZ_\kdhfm�

dhfie_dkm [10]��Z�dZeb_\u_�]jZgblu�b�kb_gblu�\�;_e�

]hjh^kdhc�kljmdlmj_�± khhl\_lkl\_ggh�d�fZebgh\kdhfm 

[11] b�r_[_dbgkdhfm�dhfie_dkZf� <�j_amevlZl_, ^hklh�

\_jgh�hlghkbfuo�d� ZlZfZgkdhfm�dhfie_dkm ijhy\e_�

gbc�Zjo_ckdbo�dZeb_\uo�]jZgblhb^h\ aZ�ij_^_eZfb�iZ�

e_hijhl_jhahckdbo�kljmdlmj�hklZehkv�kh\k_f g_fgh]h� 

P_ev�gZklhys_c�jZ[hlu�± ^Zlv�fZdkbfZevgh�ihe�

gh_�hibkZgb_�i_ljhlbiZ g_hZjo_ckdh]h�:lZfZgkdh]h�

fZkkb\Z�h^ghbf_ggh]h�dhfie_dkZ��i_ljh]jZnbb�b�fb�

g_jZeh]bb�� ij_pbabhggh]h� Z[khexlgh]h� \hajZklZ��

we_f_glghc�b�bahlhighc�]_hobfbb��]_h^bgZfbq_kdhc�

h[klZgh\db� 

 

=_heh]bq_kdZy�kblmZpby 

Dmjkdbc [ehd�ij_^klZ\ey_l�kh[hc�djmiguc�k_]f_gl�

dhglbg_glZevghc�dhju��dhgkheb^bjh\Zgghc�hdheh�����

fej^�e_l gZaZ^�>������@ (jbk����. <�dhgp_�Zjo_y����±2.6 

fej^. e_l� gZaZ^� wlhl� [ehd� ih^\_j]ky� \ha^_ckl\bx�

iexfZ��dhlhjuc�jZkihagZ_lky�ih�\gmljbieblghfm�dbk�

ehfm�b�[Zablh\hfm�fZ]fZlbafm�b��\_jhylgh��khijy`_g�

ghfm�jbnlh]_g_am [12, 14]��<�bgl_j\Ze_�����±�����fej^�

e_l�gZaZ^�Dmjkdbc�[ehd�ij_^klZ\eye�kh[hc�klZ[bevgmx�

ieZlnhjfm; \�fhjkdbo�[Zkk_cgZo�gZ�iZkkb\ghc�dhglb�

g_glZevghc� hdjZbg_� ijhbkoh^beh� gZdhie_gb_� l_jjb�

]_gguo�hkZ^dh\��dZj[hgZlguo�ieZlnhjf�b�`_e_abklh-

dj_fgbkluo� nhjfZpbc� �@DN�� >���� ��@��<� bgl_j\Ze_�

2.40±�����fej^�e_l�gZaZ^�gZklmibe�^ebl_evguc�i_j_�

ju\�\�hkZ^dhgZdhie_gbb��khijh\h`^Z\rbcky�wjhab_c��

dh]^Z�^h�jm[_`Z�hdheh��.��fej^�e_l gZaZ^ gZdZieb\Z�

ebkv�lhevdh�dhglbg_glZevgu_�hleh`_gby��LZdbf�h[jZ�

ahf��\�bgl_j\Ze_�k�����^h�����fej^�e_l�gZaZ^�Dmjkdbc�

[ehd�ij_^klZ\eye�kh[hc�klZ[bevgmx�ieZlnhjfm��i_g_�

ie_g� k� dhjZfb� \u\_ljb\Zgby� b� hkZ^dhgZdhie_gb_f, 

\dexqZy�̀ _e_abklh-dj_fgbklu_�nhjfZpbb��gZ�nhg_�wg�

^h]_ggh]h�aZlbrvy�� 

<�i_jbh^����0±�����fej^�e_l�gZaZ^�iZe_hijhl_jh�

ahckdZy�ieZlnhjfZ�Dmjkdh]h�[ehdZ�ij_l_ji_eZ�bgl_g�

kb\gmx� wg^h]_ggmx� i_j_jZ[hldm�� \dexqZy� fZ]fZ�

lbaf��jbnlh]_g_a��kdeZ^qZlhklv�b�f_lZfhjnbaf��dhlh�

ju_� [ueb� k\yaZgu� k� km[^mdpbhggufb� b� dheebabhg�

gufb� ijhp_kkZfb� \� oh^_� w\hexpbb� h[jZfeyxsbo�

Dmjkdbc�[ehd iZe_hijhl_jhahckdbo�<he]h->hgkdh]h�

b� Bg]meh-K_\kdh]h� hjh]_gh\�� <� oh^_� wlbo� kh[ulbc�

[ue� knhjfbjh\Zg� kljmdlmjguc� h[ebd� <hklhqghc�

KZjfZlbb��jbk��1). 

EhdZevgu_�ijhy\e_gby�]jZgblh\�ZlZfZgkdh]h�dhf�

ie_dkZ�khkj_^hlhq_gu�\�Dmjkdhf�[ehd_�f_`^m�Lbf-

Yklj_[h\kdhc�b�<hehlh\kdhc�iZe_hijhl_jhahckdbfb�

kbgnhjfZfb �jbk� 1). Hgb� oZjZdl_jbamxlky�fhaZbq�

guf�fZ]gblguf�ihe_f��\�]jZ\blZpbhgghf�ihe_�g_�hl�

ebqZxlky hl� \f_sZxsbo� ihjh^��DZeb_\u_� ]jZgblu�

oZjZdl_jbamxlky�gbadhc�iehlghklvx��2.61±2.���]�kf3) 

b�y\eyxlky�ijZdlbq_kdb�g_�fZ]gblgufb��Ih�hlghr_�

gbx�d�\f_sZxsbf�fb]fZlblZf�b�]g_ckZf�hgb�h[eZ�

^Zxl�hljbpZl_evghc�ba[ulhqghc�iehlghklvx�^h����±

0.�� ]�kf3��FZkkb\u� ZlZfZgkdh]h� dhfie_dkZ� dZjlbjm�

xlky�ih�ehdZevguf�fbgbfmfZf�i_j\hc�ijhba\h^ghc�

kbeu�ly`_klb��FZ]gblgh_�ihe_�\�ij_^_eZo�]jZ\blZpb�

hgguo�fbgbfmfh\�hljbpZl_evgh�ih�bgl_gkb\ghklb�b�

g_�bf__l�q_ldh�\ujZ`_gguo�ehdZevguo�hkeh`g_gbc��

H^ghagZqgh_� ]_heh]bq_kdh_ hlh`^_kl\e_gb_� fZkkb�

\h\�ZlZfZgkdh]h�dhfie_dkZ \hafh`gh�lhevdh�ih�^Zg�

guf�[mj_gby� 
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Jbk���� Ko_fZlbq_kdZy�]_heh]bq_kdZy�dZjlZ�<hjhg_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z: 1 ± h[hygkdbc�dhfie_dk��2 ± fboZceh\kdZy�

k_jby��3 ± ehk_\kdZy�k\blZ��4 ± \hjhg_`kdZy�k\blZ��5 ± \hjhgph\kdZy�k_jby��6 ± dmjkdZy�k_jby��7 ± jh]h\kdZy�k\blZ��8 ± lbfkdZy�k\blZ��

9 ± kZeludh\kdbc�dhfie_dk��10 ± ZlZfZgkdbc�dhfie_dk��11 ± klhceh-gbdheZ_\kdbc�dhfie_dk��12 ± [h[jh\kdbc�dhfie_dk��13 ± iZ\eh\�

kdbc�dhfie_dk��14 ± mkfZgkdbc�dhfie_dk��15 ± r_[_dbgkdbc�dhfie_dk��16 ± ebkdbgkdbc�dhfie_dk��17 ± hevoh\kdbc�dhfie_dk��18 ± 

ahehlmobgkdbc�dhfie_dk��19 ± kfhjh^bgkdbc�dhfie_dk��20 ± fZfhgkdbc�dhfie_dk��21 ± gh\h]hevkdbc�dhfie_dk��22 ± _eZgkdbc�dhf�

ie_dk��23 ± [mjh\u_�kd\Z`bgu� 

[Fig. 1. A sketch map of the Voronezh Massif: 1 ± Oboyan Complex, 2 ±  Mikhailovka Group, 3 ± Losevo Group, 4 ± Voronezh Formation, 

5 ± Vorontsovka Group, 6 ± Kursk Group, 7 ± Rogovoe Formation, 8 ± Tim Formation, 9 ± Saltyki Complex, 10 ± Atamansky Complex, 11 ±

Stoilo-Nikolaev Complex, 12 ± Bobrov Complex, 13 ± Pavlovsk Complex, 14 ± Usman Complex, 15 ± Shebekino complex, 16 ± Liski Com-

plex, 17 ± 2O¶NKRYND�&RPSOH[��18 ± Zolotukhino Complex, 19 ± Smorodino Complex, 20 ± Mamon Complex, 21 ± Novogol Complex, 22 ± 

Elan Complex, 23 ± drillhole numbers.] 

 
=jZgblu� ZlZfZgkdh]h� dhfie_dkZ� \� l_q_gb_� ^he�

]h]h�\j_f_gb�kqblZebkv�jZgg_ijhl_jhahckdbfb gZ�hk�

gh\Zgbb� dZebc-Zj]hgh\uo� hij_^_e_gbc bo� jZ^bheh�

]bq_kdh]h�\hajZklZ��Ihke_�ihemq_gby�gh\uo�]_hojh�

gheh]bq_kdbo�^Zgguo [17] bo�\hajZkl�\�dhjj_eypbhg�

ghc�ko_f_�kljZlb]jZnbb�b�fZ]fZlbafZ�jZgg_]h�̂ hd_f�

[jby� <hjhg_`kdh]h� djbklZeebq_kdh]h� fZkkb\Z [2] 

[ue�i_j_kfhlj_g�b�ijbagZg�iha^g_Zjo_ckdbf�  

I_ljhlbibq_kdbf�y\ey_lky�:lZfZgkdbc�fZkkb\ \�

x]h-\hklhqghf� aZfudZgbb� Lbf-Yklj_[h\kdhc� iZ�

e_hijhl_jhahckdhc�kljmdlmju��Hg�bf__l�\�ieZg_�we�

ebikh\b^gmx� nhjfm, \ulygmlmx� \� k_\_jh-aZiZ^ghf�

gZijZ\e_gbb�b�iehsZ^v��� df2 �jbk����. <hajZkl�ZlZ�

fZgkdh]h�fZkkb\Z�hp_gb\Z_lky�dZd�����������feg e_l 

[17]. <f_sZxsbfb�ihjh^Zfb�^ey�dZeb_\uo�]jZgblh\�

ZlZfZgkdh]h�dhfie_dkZ�y\eyxlky�iZe_hZjo_ckdb_�hj�

lh]g_cku�h[hygkdh]h�dhfie_dkZ� 

 

:gZeblbq_kdb_�f_lh^u�bkke_^h\Zgbc 

Obfbq_kdbc� khklZ\� ijh[� hij_^_e_g� gZ� j_gl]_gh�

nemhj_kp_glghf� ki_dljhf_lj_� S8 Tiger (Bruker AXS 

GmbH�� =_jfZgby�� \� <hjhg_`kdhf� ]hkmgb\_jkbl_l_��

Ih^]hlh\dZ�ijh[�^ey�ZgZebaZ�ihjh^hh[jZamxsbo�we_�

f_glh\� \uiheg_gZ� iml_f� ieZ\e_gby� ���� ]� ihjhrdZ�

ijh[u����]�l_ljZ[hjZlZ�eblby�\�fmn_evghc�i_qb�k�ih�

ke_^mxsbf�hleb\hf� kl_dehh[jZagh]h�^bkdZ��Ijb� dZ�

eb[jh\d_�ki_dljhf_ljZ�b�^ey�dhgljhey�dZq_kl\Z�baf_�

j_gbc�[ueb�bkihevah\Zgu�]hkm^Zjkl\_ggu_�klZg^Zjl�

gu_�h[jZapu�obfbq_kdh]h�khklZ\Z�]hjguo�ihjh^�± =KH�

�����-������=KH��� ����-����=KH��� ����-����Lhq�

ghklv�ZgZebaZ�khklZ\eyeZ��±��hlg����^ey�we_f_glh\�k�

dhgp_gljZpbyfb�\ur_��±��fZk����b�^h����hlg����^ey�

we_f_glh\� k� dhgp_gljZpb_c� gb`_� ���� fZk�� ��� H[jZ�

[hldZ�j_amevlZlh\�ijh\h^beZkv�ihkj_^kl\hf�jZajZ[h�

lZgguo�f_lh^bd�\�ijh]jZff_�Spectra Plus (Bruker AXS 

GmbH��=_jfZgby�� 
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Jbk���� Ko_fZlbq_kdZy�]_heh]bq_kdZy�dZjlZ�

x`gh]h� h[jZfe_gby� Lbf-Yklj_[h\kdhc�

kljmdlmju: 1 ± h[hygkdbc�dhfie_dk��2 ± dh�

jh[dh\kdZy�k\blZ��3 ± ZlZfZgkdbc�dhfie_dk��4 

± fboZceh\kdZy�k_jby��5 ± hkdhevkdZy�k_jby��6 

± klhceh-gbdheZ_\kdbc� dhfie_dk�� 7 ± e_[_�

^bgkdZy�k\blZ, 8 ± kZeludh\kdbc�dhfie_dk��9 

± ^m[jZ\bgkdbc� dhfie_dk�� 10 ± klhce_gkdZy�

k\blZ��11 ± hijh[h\Zggu_�kd\Z`bgu� 

[Fig. 2. A sketch map of the southern margin 

of Tim-Yastrebovka structure: 1 ± Oboyan 

Complex, 2 ± Korobki Formation, 3 ± Atamansky 

Complex, 4 ± Mikhailovka Group, 5 ± Oskol 

Group, 6 ± Stoilo-Nikolaev Complex, 7 ± Lebe-

dinskaya Formation, 8 ± Saltyki Complex, 9 ± 

Dubravinka Complex, 10 ± Stoilo Formation, 11 

± drillhole numbers.] 

 

FZeu_�b�j_^db_� we_f_glu�hij_^_eyeb�f_lh^hf�

bg^mdpbhggh-k\yaZgghc�ieZafu�k�fZkk-ki_dljhf_l�

jbq_kdbf� hdhgqZgb_f� ZgZebaZ� (ICP-06�� \� :KBP�

BILF�J:G��JZaeh`_gb_�h[jZaph\�ihjh^��\�aZ\bkb�

fhklb� hl� bo� khklZ\Z�� ijh\h^beb� iml_f� dbkehlgh]h�

\kdjulby�dZd�\�hldjulhc��lZd�b�\�aZdjulhc�kbkl_fZo��

Ij_^_eu�h[gZjm`_gby�̂ ey�5((��+I��7D��7K��8�khklZ\�

eyeb�����±�����SSP��^ey�1E��%H��&R�± 0.03±0.05 ppm, 

^ey�/L��1L��*D��<�± ����SSP��^ey�=U�± ����SSP��^ey�5E��

Sr, Ba ± ����SSP��^ey�KX��=Q��9��&U�± 1±��SSP��IjZ�

\bevghklv�ZgZebaZ�dhgljhebjh\ZeZkv�iml_f�baf_j_�

gby�f_`^mgZjh^guo�b�jhkkbckdbo�klZg^Zjlguo�h[�

jZaph\�*63-���<F��K=>-�:��KL-���Hrb[db�hij_^_�

e_gby�dhgp_gljZpbc�khklZ\eyeb�hl���^h���fZk����^ey�

[hevrbgkl\Z�we_f_glh\� 

EhdZevgu_� ZgZebau� fbg_jZeh\� \uiheg_gu� gZ�

we_dljhgghf�fbdjhkdhi_�-HRO�����/9�k�kbkl_fhc�dh�

ebq_kl\_ggh]h� wg_j]h^bki_jkbhggh]h� ZgZebaZ�

©,QFDª��<hjhg_`kdbc�]hkmgb\_jkbl_l���Mkeh\by�ZgZ�

ebaZ��mkdhjyxs__�gZijy`_gb_����d<��lhd�ahg^Z�����

f:��\j_fy�gZ[hjZ�ki_dljZ����k_d��^bZf_lj�imqdZ��±3 

fdf��=$)�dhjj_dpby�ijb�jZkq_l_�kh^_j`Zgby�hdbk�

eh\�b�hp_gdZ�lhqghklb�ijh\h^bebkv�k�ihfhsvx�dhf�

ie_dlZ�ijh]jZff�fZl_fZlbq_kdh]h�h[_ki_q_gby�kb�

kl_fu��Lhqghklv�ZgZebaZ�kbkl_fZlbq_kdb�dhgljheb�

jh\ZeZkv�ih�wlZehgguf�h[jZapZf�ijbjh^guo�b�kbg�

l_lbq_kdbo�fbg_jZeh\� 

<u^_e_gb_� Zdp_kkhjgh]h� pbjdhgZ� ijh\h^behkv�

ih�klZg^Zjlghc�f_lh^bd_�k�bkihevah\Zgb_f�ly`_euo�

`b^dhkl_c��Bahlhigu_�8±3E�hij_^_e_gby�Z[khexl- 

 gh]h�\hajZklZ�\uiheg_gu�\�P_glj_�bahlhiguo�bkke_�

^h\Zgbc� <K?=?B� �]�� KZgdl-I_l_j[mj]�� gZ� bhgghf�

fbdjhahg^_� 6+5,03�,,�k�bkihevah\Zgb_f�wlZehgguo�

pbjdhgh\�³�����´�b�³7HPRUD´�� 

Bahlhiguc�ZgZeba�6P�b�1G�ijhba\h^beky�gZ�^_\y�

lbdhee_dlhjghf�fZkk-ki_dljhf_lj_�75,721�\�klZlb�

q_kdhf�j_`bf_�\�PBB�<K?=?B��Dhjj_dpby�gZ�bahlhi�

gh_� njZdpbhgbjh\Zgb_� g_h^bfZ� ijhba\h^beZkv� ijb�

ihfhsb�ghjfZebaZpbb�baf_j_gguo�agZq_gbc�ih�hlgh�

r_gbx� 148Nd/1441G� �����������GhjfZebah\Zggu_�hl�

ghr_gby� ijb\h^bebkv� d� agZq_gbx� 143Nd/144Nd = 

��������� \�f_`^mgZjh^ghf� bahlhighf� klZg^Zjl_� /D�

-ROOD��Ih]j_rghklv�hij_^_e_gby�kh^_j`Zgby�6P�b�1G�

khklZ\beZ������� 

Bamq_gb_�Lu-Hf-bahlhigh]h�khklZ\Z�pbjdhgh\�\u�

iheg_gh� gZ� fgh]hdhee_dlhjghf� fZkk-ki_dljhf_lj_�

Neptune Plus k�ijbklZ\dhc�^ey�eZa_jghc�Z[eypbb�ijh[�

NWR ����\�Bgklblml_�]_heh]bb�b�]_hobfbb�bf��ZdZ^_�

fbdZ� :�G�� AZ\Zjbpdh]h�MjH� J:G�� ]�� ?dZl_jbg[mj]��

Ijh\_^_gZ�hilbfbaZpby�jZ[hlu�fZkk-ki_dljhf_ljZ�b�

ijbklZ\db�^ey�eZa_jghc�Z[eypbb�k�bkihevah\Zgb_f�h[�

jZaph\�kjZ\g_gby�pbjdhgZ�Mud Tank, GJ-��>������@��G_�

hij_^_e_gghklv� _^bgbqgh]h� baf_j_gby� hlghr_gby�
176Hf/177+I�\�\b^_��6'�± \�bgl_j\Ze_������±���������G_�

hij_^_e_gghklv� _^bgbqgh]h� hij_^_e_gby� agZq_gby�

0�+I��\�\b^_��/�\Zjvbjh\ZeZ�^ey�i_j_qbke_gguo�klZg�

^Zjlh\�\�bgl_j\Ze_��±�����Hi_jZpbhggu_�iZjZf_lju�

ijbklZ\db�^ey�eZa_jghc� Z[eypbb��iehlghklv� wg_j]bb�

eZa_jgh]h�baemq_gby�± ���>`�kf2��qZklhlZ ih\lhj_gby�

bfimevkh\�± ���=p��^bZf_lj�djZl_jZ�± ���fdf��>ey�h[- 
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jZ[hldb� Lu-Hf ^Zgguo� [ue� bkihevah\Zg� fZdjhk� Hf-

INATOR ^ey�Excel [20]. 

 

I_ljh]jZnby�b�fbg_jZeh]by 

:lZfZgkdbc� fZkkb\� \� p_gljZevghc� qZklb� keh`_g�

fZkkb\gufb�[bhlblh\ufb�]jZgblZfb��Z�\�djZ_\uo�qZ�

klyo�hlf_qZxlky�]jZgbl-ihjnbju�� 

=jZgblu� ZlZfZgkdh]h� dhfie_dkZ� jhah\u_�� jhah�

\Zlh-k_ju_��kj_^g_- b�djmigha_jgbklu_��bgh]^Z�k�]g_c�

kh\b^ghc�l_dklmjhc�k�q_jguf�b�]hem[h\Zluf d\Zjp_f��

KljmdlmjZ� ]jZgblgZy�� ]bib^bhfhjngha_jgbklZy 

(jbk� 3). <klj_qZxlky�h\hb^u�fbdjhdebgZ�beb�kjZklZ�

gbc�g_kdhevdbo�a_j_g�jZaf_jhf��±��kf��j_^dh�^h�� kf��

dhlhju_�bf_xl�dZcfu�d\ZjpZ�b�ieZ]bhdeZaZ��KhklZ\�

�fZk����� ± ieZ]bhdeZa ± 25±����fbdjhdebg ± 35±40, 

d\Zjp ± 30±����[bhlbl ± 7��fmkdh\bl�± 2±���jh]h\Zy�h[�

fZgdZ < 1��wib^hl���� �jbk������IeZ]bhdeZa�ij_^klZ\�

e_g� Zev[blhf� �An0-10) (lZ[e� 1)�� Fbdjhdebg� fh`_l�

[ulv�h[h]Zs_g�[Zjb_f��^h��.��fZk����BaO���:dp_kkhj�

gu_� fbg_jZeu� ij_^klZ\e_gu� lblZgblhf�� jmlbehf��

pbjdhghf��fhgZpblhf�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Jbk�� �� Nhlh�rebnh\� ]jZgb�

lh\�:lZfZgkdh]h�fZkkb\Z��a ± 

h[jZa_p� ���������� b ± h[jZa_p�

5017/161; c, d ± h[jZa_p� ����� 

�������\�ijhoh^ys_f�b�iheyjb�

ah\Zgghf� k\_l_��� e ± h[j��

1539/191.7; f ± h[j��������������

g ± h[j�� ���������� h ± h[jZa_p�

���������� :[[j_\bZlmjZ fbg_�

jZeh\ ih [21]. 

[Fig. 3. Photomicrographs of the 

granites thin sections: a ± sample 

5017/139; b ± sample 5017/161; c, 

d ± sample 5011/154.5 (transmit-

ted and polarized light); e ± sample 

1539/191.7; f ± sample 5011/ 

154.5; g ± sample 1539/177; h ± 

sample 5017/134. Mineral abbre-

viations after [21].] 
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LZ[e���� KhklZ\u�ihe_\uo�riZlh\�ba�]jZgblh\�:lZfZgkdh]h�fZkkb\Z 

[Table 1. Feldspar from the Atamansky massif granites compositions] 

Kd\./]em[bgZ 

[Drill hole/depth] 

594/ 

121 

1544/ 

198.6 

1544/ 

210 

594/ 

121 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

 Pl-1 Pl-6 Pl-5 Kfs-2 Pl-1 Pl-2 Kfs-6 Kfs-7 Pl-14 Pl-15 

SiO2 67.17 66.53 68.52 65.23 68.72 65.63 64.26 61.32 65.99 66.21 

Al2O3 19.67 19.61 19.39 18.23 20.13 20.89 18.17 19.09 20.08 19.73 

FeO 0.36 - - - - - - - - - 

CaO 0.81 - -  0.60 2.11 0.66 0.54 1.88 0.94 

Na2O 11.60 12.22 12.11 0.51 11.56 10.86 15.80 14.42 10.34 10.81 

K2O - - - 14.70 - - - - - - 

BaO        3.51   

KmffZ [Total] 99.61 98.36 100.02 98.67 101.01 99.49 98.89 98.88 99.01 97.69 

Si 2.95 2.94 2.98 3.06 2.98 2.89 3.00  2.93 2.97 

Al 1.02 1.02 0.99 1.01 1.03 1.08 1.00  1.09 1.04 

Fe3+ 0.01 - - - - - -  - - 

Ca 0.04 - - - 0.03 0.10 -  0.09 0.05 

Na 0.99 1.04 1.02 0.05 0.97 0.93 0.06  0.89 0.94 

K - - - 0.88 - - 0.94  - - 

Ort - - - 0.95 - - 0.94  - - 

Ab 0.96 1.00 1.00 0.05 0.97 0.90 0.06  0.91 0.95 

An 0.04 - - - 0.03 0.10 -  0.09 0.05 

 

=jZgbl-ihjnbju�� keZ]Zxsb_� djZ_\u_�qZklb�:lZ�

fZgkdh]h�fZkkb\Z� jhah\Zlh-k_ju_�k�ihjnbjh\hc�l_d�

klmjhc��N_ghdjbklu�khklZ\eyxl���±���fZk���. <�bo�

khklZ\_�ij_h[eZ^Z_l�fbdjhdebg����±���fZk�����lZd`_�

ijbkmlkl\m_l�d\Zjp���� fZk�����b�Zev[bl�����fZk����. 

Hkgh\gZy�fZkkZ�ihjh^u�f_edha_jgbklZy, khklhbl�ba�

d\ZjpZ�� Zev[blZ� b� [bhlblZ�� KljmdlmjZ� Zieblh\Zy��

j_`_�fbdjhi_]fZlblh\Zy��<�]jZgblZo�\klj_qZxlky�g_�

[hevrb_��^h��.��f�ih�d_jgm�kd\Z`bg��dk_gheblu�\f_�

sZxsbo�ihjh^� 

OZjZdl_jghc�hkh[_gghklvx�y\ey_lky�hq_gv�\ukhdZy�

`_e_abklhklv�̀ _e_ah-fZ]g_abZevguo�kbebdZlh\�\�]jZgb�

lZo��;bhlbl�bf__l�a_e_gh\Zlh-[mjmx�hdjZkdm��\ukhdmx�

`_e_abklhklv� �XFe = 0.88±������b�ij_^klZ\e_g�ij_bfm�

s_kl\_ggh�Zggblhf (lZ[e. 2)��A_e_gZy�jh]h\Zy�h[fZgdZ�

k�oZjZdl_jguf�]hem[h\Zluf�hll_gdhf�hl\_qZ_l�ih�kh�

klZ\m�]Zklbg]kblm�[22] k�hq_gv�\ukhdhc�`_e_abklhklvx�

(XFe = 0.92±������ b� kh^_j`Zgb_f�K2O�� ij_\urZxs_f�

Na2O (lZ[e���)��<�djbklZeehobfbq_kdhc�nhjfme_�dZebc�

(0.34±0.���n��_���ij_h[eZ^Z_l�gZ^�gZljb_f�\�ihabpbb�:� 

 

LZ[e���� KhklZ\u�[bhlblh\�ba�]jZgblh\�:lZfZgkdh]h�fZkkb\Z 

[Table 2. Biotite from the Atamansky massif granites composition] 

Kd\./]em[. 

[Drill 

hole/depth] 

594/ 

121 

1544/ 

198.6 

1544/ 

198.6 

1544/ 

198.6 

1544/ 

210 

1544/ 

210 

1544/ 

210 

1544/ 

210 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

 Bt-1 Bt-2 Bt-3 Bt-12 Bt-1 Bt-2 Bt-3 Bt-11 Bt-8 Bt-9 Bt-10 Bt-11 Bt-19 Bt-22 

SiO2 36.38 34.55 35.32 34.34 34.54 35.16 35.58 34.99 34.50 33.79 34.26 33.51 35.03 34.76 

TiO2 2.12 2.65 2.43 2.98 1.37 1.49 1.79 1.49 2.42 2.54 1.70 1.32 2.07 1.76 

Al2O3 17.28 14.37 15.23 16.15 15.58 16.28 16.04 15.68 16.02 17.06 16.07 17.04 16.50 16.25 

FeO 25.87 34.15 33.48 31.58 34.36 33.46 31.21 32.85 31.86 33.00 33.25 33.96 33.43 32.75 

MnO 0.84 - - - - - 0.37 0.59 0.52 0.64 0.46 0.39 0.40 0.49 

MgO 4.09 1.72 1.95 2.10 2.23 2.47 1.83 2.41 1.54 1.40 1.04 1.25 1.11 1.10 

Na2O - - - - 0.56 - - - - - - - - - 

K2O 9.19 9.03 9.16 8.95 8.30 8.84 8.57 8.35 9.33 8.91 9.06 9.04 9.10 8.99 

KmffZ 

[Total] 
95.77 96.47 97.57 96.10 96.94 97.70 95.39 96.36 96.19 97.34 95.84 96.51 97.64 96.10 

Si 2.96 2.88 2.89 2.85 2.83 2.86 2.97 2.89 2.86 2.78 2.86 2.77 2.87 2.89 

Ti 0.13 0.17 0.15 0.19 0.08 0.09 0.11 0.09 0.15 0.16 0.11 0.08 0.13 0.11 

AlIV 1.04 1.12 1.11 1.15 1.17 1.14 1.03 1.11 1.14 1.22 1.14 1.23 1.13 1.11 

AlVI 0.61 0.29 0.36 0.42 0.34 0.42 0.55 0.42 0.43 0.43 0.45 0.44 0.47 0.49 

Fe3+ - - - - - - - - - - - - - - 

Fe2+ 1.75 2.37 2.29 2.19 2.35 2.27 2.17 2.27 2.21 2.26 2.32 2.35 2.29 2.28 

Mn 0.06 - - - - - 0.03 0.04 0.04 0.04 0.03 0.03 0.03 0.03 

Mg 0.50 0.21 0.24 0.26 0.27 0.30 0.23 0.30 0.19 0.17 0.13 0.15 0.14 0.14 

Na - - - - 0.09 - - - - - - - - - 

K 0.95 0.96 0.96 0.95 0.87 0.92 0.91 0.88 0.99 0.93 0.97 0.95 0.95 0.95 

XFe 0.79 0.92 0.91 0.89 0.90 0.88 0.91 0.89 0.92 0.93 0.95 0.94 0.94 0.94 
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LZ[e���� KhklZ\u�jh]h\uo�h[fZghd�ba�]jZgblh\�:lZfZgkdh]h�fZkkb\Z 

[Table 3. Hornblendite form the Atamansky massif granites composition] 

Kd\./]em[bgZ 

[Drill hole/depth] 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

5011/ 

154.5 

 Hb-3 Hb-4 Hb-12 Hb-13 Hb-16 Hb-17 Hb-18 Hb-20 Hb-21 

SiO2 38.79 38.74 39.69 38.61 39.03 38.55 39.33 38.99 39.47 

TiO2 1.16 1.26 0.97 0.66 0.94 1.15 1.05 1.10 1.03 

Al2O3 10.30 10.47 10.24 10.60 10.45 10.82 10.22 11.10 10.58 

FeO 32.36 33.09 32.36 32.73 31.32 32.96 33.13 32.86 32.51 

MnO 0.50 0.85 0.80 0.53 0.63 0.58 0.69 0.66 0.53 

MgO 1.31 0.76 0.89 1.03 1.02 0.70 0.89 0.89 1.08 

CaO 11.10 11.21 10.83 10.60 10.70 10.95 10.96 10.94 10.88 

Na2O 1.22 1.26 1.63 1.44 1.41 1.17 1.71 1.31 1.51 

K2O 1.79 1.72 1.67 1.73 1.92 1.83 1.76 1.73 1.68 

KmffZ [Total] 98.53 99.36 99.08 97.93 97.42 98.80 99.74 99.58 99.27 

Si 6.21 6.18 6.33 6.20 6.32 6.17 6.26 6.17 6.26 

Ti 0.14 0.15 0.12 0.08 0.11 0.14 0.13 0.13 0.12 

AlIV 1.65 1.67 1.55 1.72 1.57 1.69 1.61 1.70 1.62 

�L 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

AlVI 0.29 0.30 0.37 0.29 0.42 0.35 0.31 0.37 0.36 

Fe3+ 0.80 0.80 0.64 0.97 0.58 0.85 0.70 0.88 0.74 

Fe2+ 3.52 3.60 3.67 3.42 3.66 3.55 3.70 3.45 3.56 

Mn 0.07 0.11 0.11 0.07 0.09 0.08 0.09 0.09 0.07 

Mg 0.31 0.18 0.21 0.25 0.25 0.17 0.21 0.21 0.26 

�C 4.99 4.99 5.00 5.00 5.00 5.00 5.01 5.00 4.99 

Ca 1.90 1.91 1.85 1.82 1.86 1.88 1.87 1.85 1.85 

Na 0.10 0.09 0.15 0.18 0.14 0.12 0.53 0.40 0.46 

�B 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Na 0.28 0.30 0.35 0.27 0.30 0.24 0.40 0.25 0.31 

K 0.37 0.35 0.34 0.35 0.40 0.37 0.36 0.35 0.34 

�A 0.65 0.65 0.69 0.62 0.70 0.61 0.76 0.60 0.65 

XFe 0.92 0.95 0.95 0.93 0.94 0.96 0.95 0.94 0.93 

 

=_hobfby 

=jZgblu�:lZfZgkdh]h�fZkkb\Z�\ukhdhdj_fgbklu_�

(SiO2 hl����^h����fZk������ihjh^u�oZjZdl_jbamxlky�^h�

\hevgh�\u^_j`Zgguf�khklZ\hf��\ukhdbfb�kh^_j`Zgb�

yfb�s_ehq_c��.2O + Na2O = 7.4±9.0 fZk�����k�ij_h[eZ�

^Zgb_f�dZeby�gZ^�gZljb_f��K2O/Na2O = 1.4±3.4). Hgb�

bf_xl�gbadb_ dhgp_gljZpbb�CaO (0.20±1.71 fZk���� b�

MgO (0.09±�����fZk������h[h]Zs_gu�TiO2 �hl� �����^h�

�����fZk� %). �lZ[e��4��jbk��4). <Z`ghc hlebqbl_evghc�

hkh[_gghklvx�]jZgblh\�y\ey_lky�hq_gv�\ukhdZy�`_e_�

abklhklv� �XFe hl������^h������ ihjh^. Ih�kh^_j`Zgbx�

Al2O3 ]jZgblu�y\eyxlky�f_lZ]ebgha_fbklufb��A/CNK 

hl�0.���^h� ������ �jbk�� ���k�ih\ur_ggufb� agZq_gbyfb�

hlghr_gby�Fe2O3/TiO2 hl������^h�������jbk����� 

Ih�]_hobfbq_kdbf�oZjZdl_jbklbdZf�]jZgblu�\u^_�

eyxlky�gbadbfb�dhgp_gljZpbyfb�Sr (13±91 ppm���\u�

khdbfb�Rb (114±251 ppm), Ba �^h������ppm), Ga (13±21 

ppm��b�ih\ur_ggufb�± we_f_glh\�]jmiiu�`_e_aZ��Cr, 

Ni b�V���Ba�\ukhdhaZjy^guo�we_f_glh\�nbdkbjmxlky�

ih\ur_ggu_�kh^_j`Zgby�Nb (15±30 ppm), Ta (1.0±2.4 

ppm), Y (32±73 ppm), Th (11±31 ppm��b�mf_j_ggu_�kh�

^_j`Zgby�Zr �^h�����ppm���jbk����� 

J_^dha_f_evgu_�we_f_glu� �REE��oZjZdl_jbamxlky�

mf_j_ggufb�kh^_j`Zgbyfb���REE ̂ h�����ppm���h[h]Z�

s_ggufb� ki_dljZfb� ez]dbo� j_^dbo� a_f_ev (LREE) 

(LaN/SmN = 2.7±������ mf_j_ggh� njZdpbhgbjh\Zggufb�

ly`zeuo��HREE) (GdN/YbN = 1.5±�����b�]em[hdbfb�hl�

jbpZl_evgufb� Eu ZghfZebyfb� �Eu/Eu* = 0.04±0.61) 

�lZ[e��4, jbk������<_ebqbgu�(X�(X
�bf_xl�ijyfmx�dhj�

j_eypbx�k�dhgp_gljZpbyfb�6U��mdZau\Zy�gZ�\hafh`guc�

\deZ^� ieZ]bhdeZaZ� \� g_h^ghjh^ghklv� ]_hobfbq_kdbo�

oZjZdl_jbklbd�]jZgblh\� 

 

U-3E�]_hojhgheh]by�ih�pbjdhgZf 

GZfb�[ueb�\uiheg_gu�hij_^_e_gby�\hajZklZ�pbj�

dhgZ gZ�bhgghf�fbdjhahg^_�6+5,03-,,�^ey�ijh[�]jZ�

gblh\�ba�p_gljZevghc�b� djZ_\hc�qZkl_c�:lZfZgkdh]h�

fZkkb\Z�\ kd\Z`bg_ 1544, ]em[bgZ� ����f�b� kd\Z`bg_ 

������]em[bgZ����.5 f (jbk��2). 

Pbjdhg� \�ijh[_� ���������ij_^klZ\e_g�b^bhfhjn�

gufb�b�km[b^bhfhjngufb�ijbafZlbq_kdbfb�azjgZfb�

dhjbqg_\hc� b� k\_leh� dhjbqg_\hc� hdjZkdb�� jZaf_jhf�

200±����fdf�ih�^ebgghc�hkb�b�rbjbghc���±150 fdf�

(jbk��7). J_[jZ�q_ldb_��]jZgb�fZlh\u_��<�a_jgZo�gZ[ex�

^Zxlky�dhgp_gljbq_kdb_�b�jZ^bZevgu_�lj_sbgu��\_jh�

ylg__�\k_]h�h[jZah\Z\rb_ky�\ke_^kl\b_�f_lZfbdlbaZ�

pbb��Ijbkmlkl\mxl�l\_j^hnZagu_�\dexq_gby��<�dZlh�

^hexfbg_kp_gpbb�\b^gZ�kljmdlmjZ�jhklZ�± lhgdZy�dhg�

p_gljbq_kdZy� hkpbeeylhjgZy�� g_ahgZevgu_� mqZkldb�

�\hafh`guc� j_amevlZl� j_djbklZeebaZpbb�� gZ[ex^Z�

xlky� gZ� \_jrbgZo� ibjZfb^� ^h\hevgh� j_^dh�� Y\guo�

mgZke_^h\Zgguo�y^_j�g_�\uy\e_gh� 

Kljmdlmjgu_� b�fhjnheh]bq_kdb_� ijbagZdb� mdZ�

au\Zxl�gZ�fZ]fZlbq_kdmx�ijbjh^m�pbjdhgZ�b�ijZd�

lbq_kdb�ihegh_�hlkmlkl\b_� agZqbl_evguo�gZeh`_g�

guo�kh[ulbc� 
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Jbk���� >bZ]jZffu�jZkij_^_e_gby�i_ljh]_gguo�hdkb^h\�b�j_^dbo�we_f_glh\�hlghkbl_evgh� SiO2 \�]jZgblZo�ZlZfZgkdh]h�

dhfie_dkZ� 

[Fig. 4. Plots of major and trace elements versus SiO2 for the Atamansky granites.] 

 

 

 

 

Jbk���� KhklZ\u�]jZgblh\�:lZfZgkdh]h�dhfie_dkZ�gZ�^bZ�

]jZff_�$�1.-A/CNK. 

[Fig. 5. A/NK (molar Al2O3/(Na2O + K2O)) versus A/CNK (mo-

lar Al2O3/(CaO + Na2O+ K2O)) diagram for granites.] 

 
Jbk���� JZkij_^_e_gb_�j_^dha_f_evguo�we_f_glh\�\�]jZgb�

lZo�ZlZfZgkdh]h�dhfie_dkZ. 

[Fig. 6. Chondrite-normalized REE patterns of Atamansky 

granites (data are for bulk-rock samples).] 
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Jbk���� JZkiheh`_gb_�lhq_d�hij_�

^_e_gby�\hajZklZ�gZ�dZlh^hexfb�

g_kp_glguo�kgbfdZo�pbjdhgh\�ba�

]jZgblh\� :lZfZgkdh]h� fZkkb\Z��

Ghf_jZ� ZgZeblbq_kdbo� lhq_d� kh�

hl\_lkl\mxl�mdZaZgguf�\�lZ[e���� 

[Fig. 7. Cathodoluminescence ima-

ges of zircon grains from Atamansky 

granite complex. Numbers of analyt-

ical points correspond to those in the 

Table 5.] 

 
<�h[jZap_����������[ueh�\uiheg_gh����ZgZebah\�\�

���a_jgZo��ZgZebabjh\Zebkv�b�p_gljZevgu_, b�djZ_\u_�

�g_ahgZevgu_��qZklb� �jbk�� 7���<k_�j_amevlZlu�gZ� ]jZ�

nbd_�k�dhgdhj^b_c�Ziijhdkbfbjmxlky�_^bghc�ebgb_c�

j_]j_kkbb��jbk��8���G_\ukhdZy�^_\bZpby�lhq_d�hl�ebgbb�

j_]j_kkbb� �KD<H�  � ����� ij_^iheZ]Z_l� fbgbfZevgh_�

\ha^_ckl\b_�^hd_f[jbckdbo�ijhp_kkh\�gZ�^Zggu_�pbj�

dhgu��<hajZkl�ih�\_jog_fm�i_j_k_q_gbx�k�dhgdhj^b_c�

(1��ZgZebah\��khklZ\ey_l����������feg e_l�b�kh\iZ^Z_l�

kh kj_^g_\a\_r_gguf�\hajZklhf�ih�207Pb/206Pb: �������

��feg e_l�����ZgZebah\��KD<H� �������AgZq_gby��ihem�

q_ggu_�ih�gb`gbf�i_j_k_q_gbyf�̂ bkdhj^bb��mqblu\Zy�

keh`gmx� bklhjbx� ihjh^�� \_jhylg__� \k_]h� g_� bf_xl�

]_heh]bq_kdh]h�kfukeZ��Lhevdh�\�h^ghf�a_jg_�pbjdhgZ�

ba�]jZgblh\�khojZgbehkv�mgZke_^h\Zggh_�y^jh��\hajZkl�

dhlhjh]h������feg e_l��ijh[Z����������jbk��7, lZ[e��5). 
 

 

Jbk���� J_amevlZlu�8-3E�^Zlbjh\Zgby�pbjdhgh\�ba�]jZgblh\�:lZfZgkdh]h�fZkkb\Z�f_lh^hf�6,06. 

[Fig. 8. The results of U-Pb SIMS analyses of zircons from the Atamansky Massif granites.] 
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Pbjdhg�\�ijh[_���������.��ij_^klZ\e_g�k\_leh-dh�

jbqg_\ufb�� k_jufb� ihemijhajZqgufb� ijbafZlbq_�

kdbfb� b� km[b^bhfhjngufb� a_jgZfb� jZaf_jhf� ���±

����fdf �jbk������QZklh�\klj_qZxlky�\dexq_gby�fbg_�

jZeh\��Z�lZd`_�jZkieZ\gu_�b�nexb^gu_�\dexq_gby��<�

dZlh^hexfbg_kp_gpbb ohjhrh�\ujZ`_gZ�dhgp_gljb�

q_kdZy� hkpbeeypbhggZy� ahgZevghklv�� G_dhlhju_�

a_jgZ� bf_xl� [he__� l_fgu_� \g_rgb_� dZcfu�� kdhj__�

\k_]h�� h[mkeh\e_ggu_� h[h]Zs_ggufb� mjZghf� iha^�

gbfb� ahgZfb� jhklZ�� Wlh� oZjZdl_jgZy� hkh[_gghklv�

pbjdhgZ� ba� dbkeuo� ba\_j`_gguo� ihjh^��<� pbjdhg_�

hlf_qZxlky� keZ[h� ahgZevgu_� b� g_ahgZevgu_� p_g�

ljZevgu_� qZklb� azj_g��LZdZy� dZjlbgZ�fh`_l�gZ[ex�

^Zlvky��_keb�khojZgyxlky�mgZke_^h\Zggu_�y^jZ�b�fZ]�

fZlbq_kdb_� h[hehqdb�� beb� _keb� pbjdhg� bf_e� keh`�

gmx�bklhjbx�jhklZ, �gZijbf_j� [23]). LZdZy�kljmdlmjZ�

pbjdhgZ� ij_^iheZ]Z_l� ^ebl_evguc� jhkl� k� bfimev�

khf�-Zfb��ih\ur_gby�l_fi_jZlmju�b�qZklbqgh_�jZk�

l\hj_gb_� jZg__� djbklZeebah\Zggh]h� pbjdhgZ�� <k_�

hibkZggu_�hkh[_gghklb�k\b^_l_evkl\mxl�h�fZ]fZlb�

q_kdhc� ijbjh^_� pbjdhgZ� ba� ]jZgblh\� ZlZfZgkdh]h�

fZkkb\Z� 

;ueh�\uiheg_gh����ZgZebah\�\�ahgZevguo�^hf_gZo�

pbjdhgZ�b����ZgZebah\�\h�\gmlj_ggbo�g_ahgZevguo�qZ�

klyo��jbk��7���GZ�^bZ]jZff_�k�dhgdhj^b_c��jbk��8��\k_�

j_amevlZlu�Ziijhdkbfbjmxlky�_^bghc�ebgb_c�j_]j_k�

kbb�k�ij_bfms_kl\_ggh�dhgdhj^Zglgufb�agZq_gbyfb�

\hajZklh\�� AgZqbl_evguo� jZaebqbc� f_`^m� g_ahgZev�

gufb� \gmlj_ggbfb� qZklyfb� djbklZeeh\� b� \g_rgbfb�

ahgZevgufb dZcfZfb�g_�\uy\e_gh��kj_^g_\a\_r_ggu_�

agZq_gby�207Pb/206Pb \hajZklh\�ba�gbo�khklZ\eyxl����� 

� 6 (N = 16, KD<H = 1.16) b 2603 � 3 (N = 7, KD<H = 

������feg e_l�khhl\_lkl\_ggh� 

P_gljZevgu_�qZklb��h[h]Zs_ggu_�mjZghf��^Zxl�g_�

kdhevdh�[he__�lhqgu_�j_amevlZlu��<_jog__�i_j_k_q_�

gb_�ebgbb�j_]j_kkbb�k�dhgdhj^b_c�q_j_a�\k_�ZgZeblb�

q_kdb_�lhqdb�^Z_l�\hajZkl�2601 � 5 feg e_l (KD<H = 

1.5, jbk. 7), lh]^Z�dZd�dhgdhj^Zglguc�\hajZkl�b�ahgZev�

guo, b� g_ahgZevguo� qZkl_c� jZ\_g� ���� � �� feg e_l�

(KD<H  �����h[mkeh\e_g�keZ[hc�h[jZlghc�^bkdhj^Zgl�

ghklvx��jbk. 7). Kj_^g_\a\_r_gguc�207Pb/206Pb \hajZkl�

\k_o�dhgdhj^Zglguo�agZq_gbc�khklZ\ey_l����� � 3 feg 

e_l (N = 23, KD<H = 0.99, jbk��7). Mqblu\Zy�\hafh`�

ghklv�keh`ghc�fZ]fZlbq_kdhc�w\hexpbb�ihjh^u��dhg�

dhj^Zglguc�\hajZkl����������feg e_l�ke_^m_l�jZkkfZl�

jb\Zlv�dZd�\hajZkl�djbklZeebaZpbb� 

 

BahlhigZy�kbkl_fZlbdZ 
Bahlhiguc�khklZ\�Hf \�pbjdhgZo�ba�]jZgblh\�:lZ�

fZgkdh]h�fZkkb\Z �h[j������������hij_^_eyeky�\�l_o�`_�

lhqdZo��qlh b�U-Pb bahlhiguc�\hajZkl��<�hlebqb_�hl�U-

Pb bahlhighc�kbkl_fu��dhlhjZy�\h�\k_o�azjgZo�pbjdhgZ�

^Z_l�g_jZaebqbfh�[ebadb_�\hajZklu����� � ���feg e_l, 

Lu-Hf bahlhigZy�kbkl_fZ�\�l_o�`_�azjgZo�^_fhgkljb�

jm_l� rbjhdb_� \ZjbZpbb� i_j\bqgh]h bahlhigh]h� kh�

klZ\Z�]Zngby��0Hf(2610) hl�������^h�-10.8) (lZ[e�����jbk���). 

Fh^_evgu_�\hajZklu�THf(DM)c��jZkkqblZggu_�ih�^\mo�

klZ^bcghc� fh^_eb�� y\eyxlky� iZe_hZjo_ckdbfb� ± hl�

3311 ^h��577 feg e_l, aZ�bkdexq_gb_f�^\mo�agZq_gbc�± 

f_ahZjo_ckdh]h� ������feg e_l��b� whZjo_ckdh]h (3844 

feg e_l�. MgZke_^h\Zggh_� y^jh�pbjdhgZ� k� \hajZklhf�

3.1��fej^ e_l� lZd`_� oZjZdl_jbam_lky� hljbpZl_evguf�

agZq_gb_f� �0Hf(2610) = -2.���b�iZe_hZjo_ckdbf�fh^_ev�

guf�\hajZklhf��THf(DM)c  ������feg e_l��� 

 

 

Jbk���� >bZ]jZffZ�0+I(t) ± T ^ey�pbjdhgZ�ba�]jZgblh\�:lZ�

fZgkdh]h�fZkkb\Z. 

[Fig. 9. 3ORWV�RI�0+I�W��YDOXHV�YHUVXV�]LUFRQ�DJHV�IRU�]LUFRQ�JUDLQV�

from the Atamansky Massif granites.] 

 

=jZgblu� oZjZdl_jbamxlky� j_adh� hljbpZl_evgufb�

agZq_gbyfb�01G(2610) hl -6.��^h�-5.���Bo�6P-Nd fh^_ev�

gu_�\hajZklu�L1G�'0�� ����±3.��fej^ e_l�(lZ[e���) y\�

eyxlky�gZ���fej^��e_l�[he__�^j_\gbfb��q_f�8-3E�\ha�

jZklu� pbjdhgh\� ba� wlbo� ihjh^�� b� k\b^_l_evkl\mxl� h�

^ebl_evghc� dhjh\hc� ij_^uklhjbb bklhqgbdZ� jZkieZ�

\h\� 

 

H[km`^_gb_�j_amevlZlh\ 

G_hZjo_ckdb_�]jZgblu�:lZfZgkdh]h�fZkkb\Z�oZjZd�

l_jbamxlky� \ukhdbfb� kh^_j`Zgbyfb� dj_fg_a_fZ� �hl�

74 ̂ h����fZk����6L22��b�dZeby��hl�����̂ h��.0 fZk����K2O), 

gbadbfb�dhgp_gljZpbyfb�CaO b�Sr��h[h]Zs_gu�`_e_�

ahf��]Zeeb_f��\ukhdhaZjy^gufb�dZlbhgZfb��Nb, Ta, Y, 

Th���j_^dha_f_evgufb�we_f_glZfb�k�kbevguf�njZdpb�

hgbjh\Zgb_f�eZglZghb^h\�b�j_adbfb�hljbpZl_evgufb�

ZghfZebyfb� (X�� LZdb_� ]_hobfbq_kdb_� hkh[_gghklb�

k[eb`Zxl�bo�k�Zghjh]_ggufb�]jZgblZfb�:-lbiZ��>ey�

h[tykg_gby� ]_g_abkZ� \ukhdhdj_fgbkluo� ]jZgblh\�:-

lbiZ�ij_^eh`_gh� ih� djZcg_c�f_j_� r_klv� \ZjbZglh\�

bklhqgbdh\�jZkieZ\h\������njZdpbhgbjh\Zgb_�fZglbc�

guo�[ZaZevlh\uo�fZ]f��\�g_dhlhjuo�kemqZyo�ijb�\aZb�

fh^_ckl\bb�k�dhglbg_glZevghc�dhjhc [24, 25]������\u�

khdhl_fi_jZlmjgh_� qZklbqgh_� ieZ\e_gb_� ]jZgmeblh�

\h]h�j_klblZ�\�gb`g_c�dhj_ [26, 27]������fZeh]em[bggh_�

������df��^_]b^jZlZpbhggh_�ieZ\e_gb_ ba\_kldh\h-s_�

ehqguo�]jZgblhb^h\�k�[bhlblhf�b�jh]h\hc�h[fZgdhc 

[28], (4) qZklbqgh_�ieZ\e_gb_� [Zablh\uo� gb`g_dhjh�

\uo�bklhqgbdh\�ijb�\ukhdbo�l_fi_jZlmjZo�\�h[klZgh\�

dZo� jZkly`_gby [29, 30], (5) \ukhdhl_fi_jZlmjgh_�

ieZ\e_gb_�f_lZhkZ^hqguo�]jZgmeblh\ [31], (6) j_pbd�

ebg]�km[^mpbjh\Zgghc�hd_Zgbq_kdhc�dhju, dZd�wdahlb�

q_kdh]h�bklhqgbdZ [32]. 
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=jZgblu�ZlZfZgkdh]h�dhf�

ie_dkZ�b�jbheblu�e_[_^bgkdhc�

k\blu�dZd�_^bgZy�\medZgh- 

iemlhgbq_kdZy ZkkhpbZpby 

JZg__ gZfb� [ueb� ihemq_gu�

]_hobfbq_kdb_�� ]_hojhgheh]bq_�

kdb_� b� bahlhigu_� ^Zggu_� ^ey�

g_hZjo_ckdbo� jbheblh\� �d\Zjp_�

\uo� ihjnbjh\�� e_[_^bgkdhc�

k\blu�� aZe_]Zxsbo�\�x`ghc�qZ�

klb� Lbf-Yklj_[h\kdhc� kljmd�

lmju�>����������@��;hevrbgkl\h�ba�

gbo�k\b^_l_evkl\mxl��qlh�g_hZj�

o_ckdb_� jbheblu� e_[_^bgkdhc�

k\blu� b� ]jZgblu� ZlZfZgkdh]h�

dhfie_dkZ� y\eyxlky� dhfZ]fZ�

lZfb�b�ij_^klZ\eyxl�kh[hc�_^b�

gmx� \medZghiemlhgbq_kdmx� Zk�

khpbZpbx��>hdZaZl_evkl\hf� wlh-

]h�kem`Zl������kbgojhgghklv�nhj�

fbjh\Zgby�± �����fej^�e_l�gZaZ^��

���� l_kgZy� ijhkljZgkl\_ggZy� kh�

ijy`_gghklv� bo� ehdZevguo� ijh�

y\e_gbc� ± \� x`ghf� aZfudZgbb�

Lbf-Yklj_[h\kdhc� kljmdlmju��

���� h^bgZdh\uc� i_j\bqguc� bah�

lhiguc�khklZ\�Nd \�ihjh^Zo�b�Hf 

\� pbjdhgZo�� k\b^_l_evkl\mxsbc�

h� _^bghf� bklhqgbd_� dbkeuo�

fZ]f��ij_^klZ\e_gguo�\�\medZgb�

q_kdhc�b�iemlhgbq_kdhc�nZpbb� 

JZaebqby� \h� \k_c� kh\hdmigh�

klb� bamq_gguo� h[jZaph\� jbheb�

lh\� b� ]jZgblh\� ih� kh^_j`Zgbyf�

we_f_glh\� ]jmiiu�`_e_aZ�� \ukh�

dhaZjy^guo� b� j_^dha_f_evguo�

we_f_glh\�� dhlhju_� fZehih�

^\b`gu�ijb�f_lZfhjnbaf_�b�kh�

ijy`_gguo� f_lZkhfZlbq_kdbo�

ijhp_kkZo�� \_jhylgh�� hljZ`Zxl�

ki_pbnbdm� fZ]fZlbq_kdbo� ijh�

lheblh\�wlbo�ihjh^��:gZeba�^Zg�

guo�ihdZau\Z_l��qlh�wlb�jZaebqby�

fh]eb� [ulv� k\yaZgu� k� ijhp_k�

kZfb�^bnn_j_gpbZpbb��H[h]Zs_�

gb_�]jZgblh\�Fe2O3, Cr b�^jm]bfb�

we_f_glZfb� ]jmiiu� `_e_aZ� ijb�

hlghkbl_evghf�h[_^g_gbb�TiO2 b�

\ukhdbo�Fe2O3/TiO2 hlghr_gbyo��

\hafh`gh��h[mkeh\e_gh�gZdhie_�

gb_f�\�]jZgblZo�fZ]g_lblZ��GZ[-

ex^Z_fu_� \� ]jZgblZo� rbjhdb_�

\ZjbZpbb�\_ebqbg�ZghfZebc�Eu b�

bo�ijyfZy�dhjj_eypby�k�dhgp_g�

ljZpbyfb� Sr fh]eh� dhgljhebjh�

\Zlvky� dmfmemkguf� ieZ]bhdeZ�

ahf��g_jZ\ghf_jgh� jZkij_^_e_g�

guf�\�h[t_f_�bamq_gguo�]jZgbl�

guo�fZkkb\h\��Jbheblu��h[_^g_g-  
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LZ[e���� Sm-Nd bahlhigu_�^Zggu_�^ey�]jZgblh\�:lZfZgkdh]h�dhfie_dkZ 

[Table 7. Sm-Nd isotopic data for the Atamansky complex granites] 

H[jZa_p 

[Sample] 

6P��fd]�] 

[Sm, ppm] 

1G��fd]�] 

[Nd, ppm] 
147Sm/144Nd* 143Nd/144Nd L

 01G(T) T-DM* 

1544/209.0 9.117 42.46 0.1298 0.511146 2610 -6.7 3615 

2281/385.7 7.999 37.23 0.1299 0.511215 2610 -5.4 3496 

 

gu_ dZevpb_f�� we_f_glZfb� ]jmiiu�`_e_aZ��gh�h[h]Z�

s_ggu_� lblZghf�� \ukhdhaZjy^gufb� b� j_^dha_f_ev�

gufb�we_f_glZfb��fh]eb�ij_^klZ\eylv�dhfie_f_glZj�

gu_�]jZgblghfm�dmfmemkm�hklZlhqgu_�jZkieZ\u��Wlh�

iha\hey_l� jZkkfZljb\Zlv� ]jZgblu� ZlZfZgkdh]h� dhf�

ie_dkZ�dZd�ijhf_`mlhqgu_�dZf_ju��\�dhlhjuo�ijhbk�

oh^beZ�^bnn_j_gpbZpby�bkoh^guo�dbkeuo�fZ]f�k�h[�

jZah\Zgb_f�hklZlhqguo�jbheblh\uo�jZkieZ\h\� 

 LZdbf�h[jZahf��]jZgblu�ZlZfZgkdh]h�dhfie_dkZ�

b� jbheblu� e_[_^bgkdhc� k\blu� y\eyxlky� dhfZ]fZ�

lbqgufb��h[jZah\Zebkv�ba� _^bgh]h�bklhqgbdZ��jZk�

ieZ\u�ba�dhlhjh]h�ij_l_ji_eb�^bnn_j_gpbZpbx�gZ�

mjh\g_� klZgh\e_gby� ]jZgblguo� fZkkb\h\�� b� ij_^�

klZ\eyxl�kh[hc�_^bgmx�\medZgh-iemlhgbq_kdmx�Zk�

khpbZpbx�� LZdb_� \medZgh-iemlhgbq_kdb_� ZkkhpbZ�

pbb�\ukhdhdj_fgbkluo�]jZgblh\�b�jbheblh\�\klj_�

qZxlky�hq_gv�j_^dh�>��@� 

 

Bklhqgbdb�jZkieZ\h\ b�mkeh\by�h[jZah\Zgby�fZ]f 

Sm-Nd bahlhigu_�^Zggu_��0Nd(2610) hl�-����^h�-6.7) 

\�\Zeh\uo�ijh[Zo�mdZau\Zxl��qlh�dbkeu_�fZ]fu�nhj�

fbjh\Zebkv�aZ�kq_l�dhjh\h]h�bklhqgbdZ�k�iZe_hZjo_c�

kdhc� (3.4±3.�� fej^ e_l�� ij_^uklhjb_c� �lZ[e�� 7). 

Wlbfb�ihjh^Zfb�fh]eb�kem`blv�f_ahZjo_ckdb_�f_lZ�

i_eblh\u_�]jZgmeblu�h[hygkdh]h�dhfie_dkZ [36]��dh�

lhju_�ba\_klgu�\�\b^_�djmiguo�hklZgph\�kj_^b�f_ah�

Zjo_ckdbo� LL=�� bf_xl� iZe_hZjo_ckdb_� fh^_evgu_�

\hajZklu�LNd(DM) = 3.49±3.���fej^ e_l [37, 38] b�kh�

^_j`Zl�^_ljblh\uc�pbjdhg�k�U-Pb \hajZklZfb��.35±

3.���fej^ e_l [39].  

U-Pb bahlhigZy�kbkl_fZ�\�pbjdhg_�ba�]jZgblh\�b�

jbheblh\�nZdlbq_kdb�g_�khojZgbeZ�bgnhjfZpbx�h�iZ�

e_hZjo_ckdhf�ijhlhebl_�\�bklhqgbd_�fZ]f��<ukhdb_�

l_fi_jZlmju�wlbo�fZ]f��mklZgh\e_ggu_�^ey�jbheblh\ 

[34]��ijb\h^yl��ih-\b^bfhfm��d�iheghfm�jZkl\hj_gbx�

pbjdhgh\�ijhlheblZ��klbjZy�ij_^r_kl\mxsmx�dhjh�

\mx�bklhjbx��Ba�lj_o�ijh[� �[he__�����a_j_g�pbjdh�

gh\�� ]jZgblh\� b� jbheblh\� khojZgbehkv� lhevdh� h^gh�

mgZke_^h\Zggh_�[he__�^j_\g__�y^jh� 

Lu-Hf bahlhigu_�ZgZebau�\uy\beb�rbjhdb_�\Zjb�

Zpbb�bahlhigh]h�khklZ\Z�]Zngby�\�hl^_evguo�a_jgZo 

fZ]fZlbq_kdh]h� pbjdhgZ� ba� ]jZgblh\� b� jbheblh\�

�lZ[e�����jbk������Wlh��\hafh`gh��hljZ`Z_l�Lu-Hf ]_l_�

jh]_gghklv�kj_^u�djbklZeebaZpbb�pbjdhgh\��mgZke_�

^h\Zggmx�hl�jZaguo�ih�khklZ\m�b�\hajZklm�ihjh^�\�dh�

jh\hf�bklhqgbd_�jZkieZ\h\��<hafh`gh_�mqZklb_�jZa�

gh\hajZklguo�]_l_jh]_gguo� Zjo_ckdbo� ihjh^� \� bk�

lhqgbdZo�dbkeuo�fZ]f��\uy\e_ggh_�fh^_evgufb�\ha�

jZklZfb�pbjdhgZ�THf(DM��\�bgl_j\Ze_�����±�����fej^ 

e_l��kh]eZkm_lky�k�\hajZklghc�]_l_jh]_gghklvx�Zjo_c�

kdhc�dhju�Dmjkdh]h�[ehdZ��\�_z�khklZ\_��gZjy^m�k�h[h�

ygkdbfb�hjlh]g_ckZfb�b�f_lZhkZ^dZfb�k�iZe_hZjo_c�

kdbfb� ^_ljblh\ufb� pbjdhgZfb [39]�� rbjhdh� ij_^�

klZ\e_gu�f_ahZjo_ckdb_�dbkeu_�\medZgblu�a_e_ghdZ�

f_gguo� ihykh\� k� \hajZklhf� hdheh� ����� fej^ e_l� b�

LL=-ZkkhpbZpbb� k� \hajZklhf� hdheh� ��fej^� e_l [40, 

41].  

LZdbf�h[jZahf��fh`gh�k^_eZlv�\u\h^�h�]_l_jh]_g�

ghklb�dhjh\h]h�bklhqgbdZ�^ey�g_hZjo_ckdbo�\gmljb�

ieblguo� ]jZgblhb^h\ Dmjkdh]h� [ehdZ�� hkgh\gufb�

dhfihg_glZfb� dhlhjh]h� [ueb� iZe_hZjo_ckdb_�f_lZ�

i_eblu�b�f_ahZjo_ckdb_�LL=-ZkkhpbZpbb� 

=_hobfbq_kdb_� oZjZdl_jbklbdb� \Zeh\uo� ijh[�

jbheblh\�b� ]jZgblh\�� lZdb_� dZd� \ukhdb_�hlghr_gby�

Ga/Al b�\ukhdb_�dhgp_gljZpbb�ly`_euo�j_^dha_f_ev�

guo�we_f_glh\ k�j_adhc�hljbpZl_evghc�Eu ZghfZeb_c��

lZd`_�y\eyxlky�mdZaZgb_f�gZ�\_^msmx�jhev�ieZ]bh�

deZaZ�\�j_klblh\hc�ZkkhpbZpbb�dbkeuo�fZ]f��qlh�y\�

ey_lky�k\b^_l_evkl\hf�g_[hevrbo�]em[bg�fZ]fh]_g_�

jZpbb��<ukhdb_� Fe/Mg hlghr_gby� \� ihjh^Zo fh]ml�

kem`blv�mdZaZgb_f�gZ�^hfbgZglm�hjlhibjhdk_gZ�\�j_�

klblh\hc� ZkkhpbZpbb�� qlh� ij_^iheZ]Z_l� g_[hevrb_�

^Z\e_gby� b� hlghkbl_evgh� kmob_� mkeh\by� ]_g_jZpbb�

dbkeh]h� jZkieZ\Z�� LZdbf� h[jZahf�� \k_� ihemq_ggu_�

^Zggu_�mdZau\Zxl�gZ�nhjfbjh\Zgb_�dbkeuo�fZ]f�ijb�

\ukhdbo�l_fi_jZlmjZo�b�gbadbo�̂ Z\e_gbyo \�mkeh\byo�

\_jog_c� dhju�� LZdb_� mkeh\by� h[jZah\Zgby dbkeuo�

jZkieZ\h\� ohjhrh� kh]eZkmxlky� k� wdki_jbf_glZev�

gufb�̂ Zggufb�ih�̂ _]b^jZlZpbhgghfm�ieZ\e_gbx�\u�

khdh]ebgha_fbklh]h� lhgZeblZ� ijb� ^Z\e_gbb� �� d[Zj�

[28]��Kh^_j`Zgb_�i_ljh]_gguo�we_f_glh\�\�jZkieZ\_��

ihemq_gghf�\�oh^_�wdki_jbf_glZ��[ebadh�d�khklZ\Zf�

bamq_gguo�]jZgblh\�ZlZfZgkdh]h�dhfie_dkZ�� 

Dbkeu_� jZkieZ\u�� fZl_jbgkdb_� ^ey� bamq_gguo�

]jZgblh\� k� \hajZklhf� �.61 fej^ e_l�� fh]eb� h[jZah�

\Zlvky�ijb� ����^_]b^jZlZpbhgghf�ieZ\e_gbb�kf_kb�

f_lZi_ebl-LL=� \�jZ\gh\_kbb� k� Ilm-Bt-Opx-Pl j_klb�

lhf�ijb�^Z\e_gbb�g_�[he__�� d[Zj�>14]��=jZgblu�ZlZ�

fZgkdh]h�dhfie_dkZ�djbklZeebah\Zebkv�gZ�[he__�]em�

[hdbo�mjh\gyo, q_f�jbheblu, b�kh^_j`Zeb�\�k_[_�ijb�

f_kv�Opx-Pl j_klblh\hc�beb�dmfmemkghc�dhfihg_glu��

qlh�hij_^_ebeh�bo�]_hobfbq_kdb_�hlebqby�hl�jbheb�

lh\��hk\h[h`^_gguo�hl�wlbo�nZa�\�oh^_�i_j_f_s_gby�

jZkieZ\h\�gZ�[he__�\ukhdb_�mjh\gb�dhju� 

;ebadbf� i_ljh]_g_lbq_kdbf� ZgZeh]hf� y\eyxlky�

\ukhdh`_e_abklu_� iha^g_xjkdb_� ]jZgblu�:-lbiZ� \�

X`gh-DblZckdhf�[ehd_��knhjfbjh\Z\rb_ky�ijb�\u�

khdhl_fi_jZlmjghf��! �����C��ieZ\e_gbb�f_lZhkZ^hq�

guo�]jZgmeblh\�[31]. 
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Jbk����� KhklZ\u�]jZgblh\�ZlZfZgkdh]h�dhfie_dkZ�gZ�^bkdjbfbgZglguo�^bZ]jZffZo�ih�>����������@�� 

[Fig. 10. Discrimination diagrams for the granites of the Atamansky complex. Fields of post-collision granites are from: [42] (a, c), 

[27] (b, d), [43] (e, f, g, h).] 
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L_dlhgbq_kdZy�h[klZgh\dZ�h[jZah\Zgby 

]jZgblh\�ZlZfZgkdh]h�dhfie_dkZ 

Kh]eZkgh� i_ljheh]bq_kdbf� j_dhgkljmdpbyf�� bk�

oh^gu_�^ey�]jZgblh\�dbkeu_�jZkieZ\u�[ueb�knhjfb�

jh\Zgu�ijb�^_]b^jZlZpbhgghf�ieZ\e_gbb�dbkeuo�ih�

jh^�ijb�^Z\e_gbb�hdheh���d[Zj��l�_��gZ�g_[hevrhc�]em�

[bg_� ��±���df� >��@��Wlh�lj_[m_l�bklhqgbdZ�^hihegb�

l_evgh]h�l_ieZ�gZ�mjh\g_�kj_^g_c�dhju��dhlhjuf�fh�

]ml�[ulv�lhevdh�fZglbcgu_�fZ]fu��kdhj__�\k_]h�k\y�

aZggu_� k� ����ih^t_fhf� Zkl_ghkn_jgh]h�iexfZ�b�beb�

����Zg^_jie_clbg]hf�b�\g_^j_gb_f�\�dhjm�[Zablh\uo�

jZkieZ\h\�� LZdb_� h[klZgh\db� ij_^iheZ]Zxl� j_adh_�

mlhg_gb_�eblhkn_ju�b�ih^t_f�Zkl_ghkn_jghc�fZglbb��

L_dlhgbq_kdbc� j_`bf�� bgbpbbjh\Z\rbc� ihy\e_gb_�

wlbo�fZ]f��ij_^klZ\ey_l�hl^_evgmx�ijh[e_fm�ijb�bam�

q_gbb�]jZgblh\�:-lbiZ� 

GZ� ^bkdjbfbgZglguo� i_ljhl_dlhgbq_kdbo� ^bZ�

]jZffZo�� dhlhju_�rbjhdh�bkihevamxlky� ^ey�b^_glb�

nbdZpbb� l_dlhgbq_kdbo� h[klZgh\hd� nhjfbjh\Zgby�

fZ]fZlbq_kdbo�ihjh^��]jZgblu�ZlZfZgkdh]h�dhfie_dkZ�

b jbheblu�e_[_^bgkdhc�k\blu ihiZ^Zxl�\�ihey�b�\gml�

jbieblguo�� b� ihkldheebabhgguo� ]jZgblh\� �jbk�� 10). 

GZ� ^bZ]jZffZo� ^ey� jZa^_e_gby� ]jZgblh\�:-lbiZ� [43] 

[hevrZy� qZklv� lhq_d� khklZ\h\� jbheblh\� ihiZ^Z_l� \�

ihe_�Zghjh]_gguo��:���]jZgblh\��jbk��1����Z�lhqdb�kh�

klZ\h\� ]jZgblh\� ihiZ^Zxl� \� ihe_� ihkldheebabhgguo�

�:���]jZgblh\��Ijb�wlhf��km^y�ih�hq_gv�̀ _e_abkluf�kh�

klZ\Zf�[bhlblZ�b�jh]h\uo�h[fZghd�� ]jZgblu� ke_^m_l�

hlghkblv�kdhj__�d�\gmljbieblghc��q_f�d�ihkldheebab�

hgghc�h[klZgh\d_�� 

Bf_xsZyky� bgnhjfZpby� ih� \hklhqghc� KZjfZlbb�

�ih�Dmjkdhfm�[ehdm�b�khijy`_gghc�l_jjblhjbb�MdjZ�

bgkdh]h�sblZ gZ� Kj_^g_ijb^g_ijh\kdhf� b� AZiZ^gh�

ijbZah\kdhf�[ehdZo��g_�^Z_l�hkgh\Zgbc�\�ihevam�ihkl�

dheebabhgghc�ijbjh^u�dbkeh]h�fZ]fZlbafZ�b� k\b^_�

l_evkl\m_l�kdhj__�h�_]h�khijy`_gghklb�k�\gmljbiebl�

ghc�h[klZgh\dhc.  

<�\hklhqghc�KZjfZlbb�g_�ba\_klgu�k\b^_l_evkl\Z�

dheebabhgguo�ijhp_kkh\��ij_^r_kl\h\Z\rbo�nhjfb�

jh\Zgbx�jbheblh\�b�]jZgblh\���1��feg�e_l�gZaZ^ [12, 

13]. Ijhy\e_gby�dbkeh]h�fZ]fZlbafZ�k�\hajZklhf���61 

fej^ e_l ehdZevgu�� Djhf_ jbheblh\� e_[_^bgkdhc�

k\blu b�]jZgblh\�ZlZfZgkdh]h�dhfie_dkZ��\uy\e_gguo�

\�x`ghf�aZfudZgbb�Lbf-Yklj_[h\kdhc�kljmdlmju�b�\�

k_\_jghf�aZfudZgbb�<hehlh\kdhc�kljmdlmju��\�ij_^_�

eZo� KZjfZlbb g_ba\_klgu� \ukhdhdj_fgbklu_ dZeb_�

\u_ ]jZgblu b�jbheblu�k�\hajZklhf������fej^ e_l [44]. 

:j]mf_gl�ehdZevghklb�keh`gh�h[tykgblv�khijy`_ggh�

klvx�dbkeh]h�fZ]fZlbafZ�k�ihkldheebabhgghc�h[klZ�

gh\dhc��gh�fh`gh�kh]eZkh\Zlv�k�\gmljbieblghc�h[klZ�

gh\dhc��mqblu\Zy�\hafh`ghklv�g_aZdhghf_jgh]h�jZa�

h[s_ggh]h� jZkij_^_e_gby� fZeh]em[bgguo� hqZ]h\�

ieZ\e_gby�kZfuo�\_jogbo�qZkl_c�eblhkn_ju�ih^�\ha�

^_ckl\b_f�]em[bggh]h�iexfZ�� 

<�ij_^_eZo�Dmjkdh]h�[ehdZ�g_l�^Zlbjh\hd�rbjhdh�

ijhy\e_ggh]h� [Zablh\h]h fZ]fZlbafZ� k� \hajZklhf�

hdheh� ����fej^� e_l�� ohly� \� jZaj_aZo� kd\Z`bg� ����� b�

����� f_lZ[Zablu� ih^klbeZxl� jbheblu� e_[_^bgkdhc�

k\blu b�ijhju\Zxlky�\gmljbieblgufb� ]jZgblZfb. <�

ij_^_eZo� Kj_^g_ijb^g_ijh\kdh]h� [ehdZ� jbheblu� b�

]jZgblu�k�\hajZklhf��.��fej^ e_l�hlkmlkl\mxl��gh�ih^�

iZe_hijhl_jhahckdbfb� `_e_abklh-dj_fgbklufb� nhj�

fZpbyfb aZe_]Z_l�fhsgZy�lhesZ��^h�����f��f_lZ[Zab�

lh\�gh\hdjb\hjh`kdhc�k\blu�k�iexfh\ufb�]_hobfb�

q_kdbfb� oZjZdl_jbklbdZfb [45]�� LZdbf� h[jZahf�� bk�

lhqgbdhf�l_ieZ�fh]�[ulv�[Zablh\uc�iexfh\uc�fZ]fZ�

lbaf��ijhy\e_gby�dhlhjh]h�fu�gZ[ex^Z_f�\�\hklhqghc�

KZjfZlbb��Ih^�\ha^_ckl\b_f�wlh]h�]em[bggh]h�iexfZ�

\h�\gmljbieblghc�h[klZgh\d_�h[jZah\Zebkv�hkgh\gu_�

fZ]fu�� fZeh]em[bggu_� ijhf_`mlhqgu_� hqZ]b� dhlh�

juo�bgbpbbjh\Zeb�ieZ\e_gb_�dbkeuo�ihjh^�\�\_jogbo�

qZklyo�dhju�k�h[jZah\Zgb_f�dbkehc�\medZgh-iemlhgb�

q_kdhc�ZkkhpbZpbb�� 

 

<u\h^u 

=jZgblu� ZlZfZgkdh]h�fZkkb\Z�� dhlhjuc� y\ey_lky�

i_ljhlbihf�ZlZfZgkdh]h�dhfie_dkZ��oZjZdl_jbamxlky�

dhgljZklgufb� hlebqbyfb� hl� hklZevguo� dhfie_dkh\�

]jZgblhb^h\� <hjhg_`kdh]h� djbklZeebq_kdh]h� fZk�

kb\Z� 

1. bf_xl�\hajZkl��.���fej^�e_l��\ukhdb_ kh^_j`Z�

gby dj_fg_a_fZ��gbadb_�kh^_j`Zgby dZevpby�b�kljhg�

pby�b�hq_gv�\ukhdmx `_e_abklhklv��]em[hdb_ _\jhib_�

\u_�ZghfZebb; 

���h[jZamxl�ehdZevgh�ijhy\e_ggmx�_^bgmx�\medZ�

ghiemlhgbq_kdmx� ZkkhpbZpbx� k�\ukhdhdj_fgbklufb�

jbheblZfb�e_[_^bgkdhc�k\blu� 

3. oZjZdl_jbamxlky�^ebl_evghc� dhjh\hc�bklhjb_c�

ijhlheblh\�b�]_l_jh]_gghklvx�dhjh\uo�bklhqgbdh\��h�

qzf�k\b^_l_evkl\m_l�Lu-Hf bahlhiguc�khklZ\�pbjdhgZ�

b�Sm-Nd khklZ\�\Zeh\uo�ijh[� 

4. h[jZah\Zebkv� ijb� \ukhdhl_fi_jZlmjghf� fZ�

eh]em[bgghf� ieZ\e_gbb� \h� \gmljbieblghc� h[klZ�

gh\d_��\�j_amevlZl_�ih^t_fZ�fZglbcgh]h�iexfZ�b�\g_^�

j_gby�\�dhjm�[ZaZevlh\uo�fZ]f��dhlhju_�y\eyebkv�bk�

lhqgbdZfb�l_ieZ�  

Dhgnebdl�bgl_j_kh\� :\lhju�^_deZjbjmxl�hlkml�

kl\b_�y\guo�b�ihl_gpbZevguo�dhgnebdlh\�bgl_j_kh\��

k\yaZgguo�k�im[ebdZpb_c�gZklhys_c�klZlvb� 
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