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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.] 



I
_l
j
h
l
b
i
�g
_h
Z
j
o_c
k
d
h
]h
�Z
l
Z
f
Z
g
kd
h
]h
�d
h
f
i
e_d
kZ
�]j
Z
g
b
l
h
\�D
mj
kd
h
]h
�[
eh
d
Z
�K
Z
j
f
Z
l
b
b
��«

 

<
_kl

g
b
d
�<
h
j
h
g
_`
kd
h
]h
�]h
km^
Z
j
kl
\_g
g
h
]h
�mg
b
\_j
kb
l
_l
Z
��K
_j
b
y
��=
_h
eh
]b
y
���
�
�
�
���

�2
, 2

0
±

4
3

                             3
1
 

 



D
��:
��K
Z
\d
h
��G
��<
��O
h
eb
g
Z
��:
��<
��K
Z
f
kh
g
h
\��?

��O
��D
h
j
b
r
� F
� <
��Q
_j
\y
d
h
\kd
Z
y
��G
��K
��;
Z
ab
d
h
\��:

��G
��E
Z
j
b
h
g
h
\
 

3
2

                                                             P
ro

ce
ed

in
g

s o
f V

o
ro

n
ezh

 S
ta

te
 U

n
iversity

. S
eries: G

eo
lo

g
y
. 2

0
2

0
, N

o
. 2

, 2
0
±
4

3
 

 



I_ljhlbi�g_hZjo_ckdh]h�ZlZfZgkdh]h�dhfie_dkZ�]jZgblh\�Dmjkdh]h�[ehdZ�KZjfZlbb��« 

<_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_jby��=_heh]by����������2, 20±43                             33 

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� 

 

EBL?J:LMJ: 

���Dj_klbg�?� F���:nhgbg�<� <��=eZ\gu_�hkh[_gghklb�i_l�

jh]jZnbb� b� ]_hobfbb� ]jZgblhb^guo� nhjfZpbc� Dmjkdhc�

fZ]gblghc�ZghfZebb // ;xee��FHBI. 1976. <ui����. � 1. K��

89±99. 

���Dhjj_eypbhggZy� ko_fZ� kljZlb]jZnbb� b�fZ]fZlbafZ� jZg�

g_]h�̂ hd_f[jby�<hjhg_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z���;��

F��I_ljh\�>b�^j�@��FIJ�JN��P_glj]_h��1998. 

���L_j_glv_\�J� :��I_ljh]jZnby� b� ]_hojhgheh]by� ]jZgblh\�

Ebkdbgkdh]h�iemlhgZ�<hjhg_`kdh]h�djbklZeebq_kdh]h�fZk�

kb\Z� ���<_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkb�

l_lZ�� K_jby�� =_heh]by�� ������ �� �. K�� ��±52. URL: 

http://www.vestnik.vsu.ru/pdf/heologia/2016/03/2016-03-06.pdf 

�^ZlZ�h[jZs_gby��20.05.2020). 

4. Terentiev R. A., Savko K. A., Santosh M., Petrakova M. E., 

Korish E. H. Paleoproterozoic granitoids of the Don terrane, East-

Sarmatian Orogen: age, magma source and tectonic implications 

// Precambrian Research. 2020. Vol. 346, 105790. DOI: 

10.1016/j.precamres.2020.105790. 



D��:��KZ\dh��G��<��OhebgZ��:��<��KZfkhgh\��?��O��Dhjbr� F� <��Q_j\ydh\kdZy��G��K��;Zabdh\��:��G��EZjbhgh\ 

38                                                             Proceedings of Voronezh State University. Series: Geology. 2020, No. 2, 20±43 

5. Terentiev R. A., Savko K. A., Santosh M., Korish E. H., Sarkis-

yan L. S. Paleoproterozoic granitoids of the Losevo terrane, East 

European Craton: Age, magma source and tectonic implications 

// Precambrian Research. 2016. Vol. 287. pp. 48±72. DOI: 

10.1016/j.precamres.2016.10.015 

���KZ\dh�D� :���L_j_glv_\�J� :���EZjbhgh\�:� G��<_s_kl\_g�

guc�khklZ\�b�\hajZkl�f_ahdjZlh\uo�ihjh^�Hevoh\kdh]h�bg�

ljmab\Z� <hjhg_`kdh]h� djbklZeebq_kdh]h� fZkkb\Z� ��� Ba\_�

klby�<MAh\��=_heh]by b jZa\_^dZ. �����������K. 71±75. 

7. Terentiev R. A., Savko K. A., Santosh M. Post-collisional two-

stage magmatism in the East Sarmatian Orogen, East European 

Craton: evidence from the Olkhovsky ring complex // J. Geol. 

Soc. 2018. Vol. 175. pp. 86±99. DOI: 10.1144/jgs2017-017 

���KZ\dh�D� :���KZfkhgh\�:� <���EZjbhgh\�:� G���EZjbhgh\Z�

X� H���;Zabdh\�G� K��IZe_hijhl_jhahckdb_�]jZgblu�:- b�S-

lbih\�\hklhdZ�<hjhg_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z��]_h�

ojhgheh]by��i_ljh]_g_abk�b�l_dlhgbq_kdZy�h[klZgh\dZ�nhj�

fbjh\Zgby // I_ljheh]by. 2014. L���������� K. 235±264. DOI: 

10.7868/S0869590314030054 

���KZ\dh�D� :���KZfkhgh\�:� <���;Zabdh\�G� K���Dhaeh\Z�?� G��

IZe_hijhl_jhahckdb_�]jZgblhb^u�Lbf-Yklj_[h\kdhc�kljmd�

lmju� <hjhg_`kdh]h� djbklZeebq_kdh]h� fZkkb\Z�� ]_hobfby��

]_hojhgheh]by�b�bklhqgbdb�jZkieZ\h\ // <_klgbd�<hjhg_`�

kdh]h� ]hkm^Zjkl\_ggh]h� mgb\_jkbl_lZ�� K_jby�� =_heh]by� 

2014. ���. K����±78. URL: http://www.vestnik.vsu.ru/pdf/heo-

logia/2014/02/2014-02-09.pdf �^ZlZ�h[jZs_gby��20.05.2020). 

10. Dj_klbg�?��F���E_hg_gdh�?� B��I_ljheh]by�b�ihl_gpbZev�

gZy� jm^hghkghklv� ]Z[[jh-^bhjbl-]jZgh^bhjblh\hc� nhjfZ�

pbb�jZgg_]h�^hd_f[jby�DF:��� Ba\_klby�<MAh\��=_heh]by�b�

jZa\_^dZ� �����������K����±45. 

11. >mgZc�?� B���=hjyrbg�<� B��I_ljhlbi�fZebgh\kdh]h�dhf�

ie_dkZ� iha^g_dZj_evkdbo� km[s_ehqguo� ]jZgblh\� \� f_]Z�

[ehd_�DF: // =_he��<_klg��p_gljZevguo�j-gh\�Jhkkbb� 2000. 

� 2. K����±23. 

����KZ\dh�D� :���KZfkhgh\�:� <���Ohebg�<� F���;Zabdh\�G� K��

F_]Z[ehd� KZjfZlby� dZd� hkdhehd� kmi_jdjZlhgZ� <ZZe[ZjZ��

dhjj_eypby� ]_heh]bq_kdbo� kh[ulbc�gZ� ]jZgbp_ Zjo_y�b�iZ�

e_hijhl_jhahy� �� KljZlb]jZnby��=_he. dhjj_eypby. 2017. L. 

25. � 2. K. 3±26. DOI: 10.7868/S0869592X17020065 

13. Savko K. A., Samsonov A. V., Kotov A. %���6DO¶QLNRYD�(� B., 

Korish E. H., Larionov A. N., Anisimova I. V., Bazikov N. S. The 

Early Precambrian Metamorphic Events in Eastern Sarmatia // 

Precambrian Research. 2018. Vol. 311. pp. 1±23. DOI: 

10.1016/j.precamres.2018.04.009 

14. Savko K. A., Samsonov A. V., Kholina N. V., Larionov A. 

N., Zaitseva M. V., Korish E. H., Bazikov N. S., Terentiev R. A. 

2.6 Ga high-Si rhyolites and granites in the Kursk Domain, East-

ern Sarmatia: Petrology and application for the Archaean palaeo-

continental correlations // Precambrian Research. 2019. Vol. 

322. pp. 170±192. DOI: 10.1016/j.precamres.2019.01.006 

15. KZ\dh�D� :���;Zabdh\�G� K���:jl_f_gdh�=� <��=_hobfbq_�

kdZy� w\hexpby�`_e_abklh-dj_fgbkluo�nhjfZpbc�<hjhg_`�

kdh]h�djbklZeebq_kdh]h�fZkkb\Z�\�jZgg_f�^hd_f[jbb��bklhq�

gbdb�\_s_kl\Z�b�]_hojhgheh]bq_kdb_�h]jZgbq_gby // KljZ�

lb]jZnby��=_he��Dhjj_eypby. 2015. L����� � 5. K. 3±21. DOI: 

10.7868/S0869592X15050063 

����KZ\dh�D� :���Dmag_ph\�:� ;���H\qbggbdh\Z�F� X��DZj[h�

gZlgu_� hleh`_gby�<hklhqghc�KZjfZlbb� �jZgg_^hd_f[jbc�

kdZy�b]gZl__\kdZy�k\blZ��Dmjkdbc�[ehd���mkeh\by�h[jZah\Z�

gby�b�iZe_hdhglbg_glZevgu_�dhjj_eypbb // KljZlb]jZnby��

=_he. dhjj_eypby� 2020. L�� ���� �� �. K. 3±26. DOI: 

10.31857/S0869592X20030102 

����GZc^_gdh\�B� <���>_j_\ygdbg�X� :���>_j_\ygdbgZ�E� N�� 

:jobih\Z�:� :�� Gh\u_�^Zggu_� ih�jZ^bheh]bq_kdhfm�\ha-

jZklm� ]jZgblhb^h\� p_gljZevghc� qZklb� Dmjkdhc� fZ]gblghc�

ZghfZebb // >hde��:G. 1996. L. 351. � 6. K. 802±805. 

18. Black L. P., Gulson B. L. The age of the Mud Tank carbon-

atite, Strangways Range, Northern Territory // J. Austral. Geol. 

Geophys. 1978. Vol. 3. pp. 227±232. URL: 

https://d28rz98at9flks.cloud-

front.net/80964/Jou1978_v3_n3_p227.pdf (^ZlZ h[jZs_gby: 

20.05.2020). 

19. Jackson S. E., Norman J. P., William L. G., Belousova E. A. 

The application of laser ablation-inductively coupled plasma-

mass spectrometry to in situ U-Pb zircon geochronology // Chem. 

Geol. 2004. Vol. 211. pp. 47±69. DOI: 

10.1016/j.chemgeo.2004.06.017 

20. Giovanardi T., Lugli F. The Hf-INATOR: a free data reduc-

tion spreadsheet for Lu/Hf isotope analysis // Earth Sci. Informat. 

2017. Vol. 10. pp. 517±523. DOI: 10.1007/s12145-017-0303-9 

21. Whitney D. L., Evans B. W. Abbreviations for names of rock-

forming minerals // Am. Mineral. 2010. Vol. 95. pp. 185±187. 

DOI: 10.2138/am.2010.3371 

22. Leake B., Wooley A., Arps C., Birch W., Gilbert C., Grice J., 

Hawthorne F., Kato A., Kisch H., Krivovichev V., Linthout K., 

Laird J., Mandarino J., Maresch W., Nickel E., Rock N., Schu-

macher J., Smith D., Stephenson N., Guo Y. Nomenclature of am-

phiboles: Report of the Subcommittee on Amphiboles of the In-

ternational Mineralogical Association, Commission on New Min-

erals and Mineral Names // Am. Mineral. 1997. Vol. 82. pp. 1019±

1037. DOI: 10.1180/minmag.1997.061.405.13 

23. Claiborne L. L., Miller C. F., Walker B. A., Wooden J. L. 

Mazdab F. K. Bea F. Tracking magmatic processes through Zr/Hf 

rations in rocks and Hf and Ti zoning in zircons: an example from 

the Spirit Mountain batholith, Nevada // Mineral. Mag. 2006. 

Vol. 70. pp. 517±543. DOI: 10.1180/0026461067050348 

24. Bonin B. A-type granites and related rocks: Evolution of a 

concept, problems, and prospects // Lithos. 2007. Vol. 97. pp. 1±

29. DOI: 10.1016/j.lithos.2006.12.007 

25. Frost C. D., Frost B. R. Reduced rapakivi-type granites: the 

tholeiite connection // Geology. 1997. Vol. 25. pp. 647±650. 

26. Collins W. J., Beams S. D., White A. J. R., Chappell B. W. 

Nature and origin of A-type granites with particular reference to 

southeastern Australia // Contribut. Mineral. Petrol. 1982. Vol. 

80. pp. 189±200. DOI: 10.1007/BF00374895 

27. Whalen J. B., Currie K. L., Chappell B. W. A-type granites: 

geochemical characteristics discrimination and petrogenesis // 

Contribut. Mineral. Petrol. 1987. Vol. 95. pp. 407±419. 

����3DWLxR-Douce A. E. Generation of metaluminous A-type gran-

ites by low-pressure melting of calc±alkaline granitoids // Geol-

ogy. 1997. Vol. 25. pp. 743±746. DOI: 10.1130/0091-

7613(1997)025<0743:GOMATG>2.3.CO;2 

29. Frost C., Frost B., Bell J., Chamberlain K. The relationship 

between A-type granites and residual magmas from anorthosite: 

evidence from the northern Sherman batholith, Laramie Moun-

tains, Wyoming, USA // Precambrian Research. 2002. Vol. 119. 

No. 1±4. pp. 45±71. DOI: 10.1016/S0301-9268(02)00117-1 

30. Wu F. Y., Sun D. Y., Li H. M., Jahn B. M. Wilde S. A-type 

granites in northeastern China: age and geochemical constraints 

on their petrogenesis // Chem. Geol. 2002. Vol. 187. No. 1±2. pp. 

143±173. DOI: 10.1016/S0009-2541(02)00018-9 

31. Huang H. Q., Li X. H., Li W. X., Li Z. X. Formation of high 

/18O fayalite-bearing A-type granite by high-temperature melting 

of granulitic metasedimentary rocks, southern China // Geology. 

2011. Vol. 39. No. 10. pp. 903±906. DOI: 10.1130/G32080.1 

32. Yang W.-B., Niu H.-C., Hollings P., Zurevinski S. E., Li N.-

B. The role of recycled oceanic crust in the generation of alkaline 

A-type granites // J. Geophys. Res. Solid Earth. 2017. Vol. 122.



I_ljhlbi�g_hZjo_ckdh]h�ZlZfZgkdh]h�dhfie_dkZ�]jZgblh\�Dmjkdh]h�[ehdZ�KZjfZlbb��« 

<_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_jby��=_heh]by����������2, 20±43                             39 

No. 12. pp. 9775±9783. DOI: 10.1002/2017JB 014921 

33. KZ\dh D. :., OhebgZ G. <., Ohebg <. F., EZjbhgh\ :. G. 

<hajZkl g_hZjo_ckdbo� mevljZdZeb_\uo�jbheblh\� ± \Z`guc�

]_hojhgheh]bq_kdbc� j_i_j� w\hexpbb� jZgg_^hd_f[jbckdhc�

dhju�<hjhg_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z // Bahlhigh_�

^Zlbjh\Zgb_� ]_heh]bq_kdbo� ijhp_kkh\�� gh\u_� j_amevlZlu��

ih^oh^u�b�i_jki_dlb\u� fZl_jbZeu VI Jhkkbckdhc�dhgn_�

j_gpbb ih�bahlhighc�]_hojhgheh]bb��KI[��Sprinter, 2±��bxgy�

2015. C. 247±249. URL: http://www.geol.vsu.ru/interior/wp-

content/uploads/2015/06/Thesis.pdf �^ZlZ� h[jZs_gby��

20.05.2020). 

����OhebgZ�G� <���KZ\dh�D� :���Ohebg�<� F��<ukhdb_�l_fi_�

jZlmju� djbklZeebaZpbb� g_hZjo_ckdbo� jbheblh\� Dmjkdh]h�

[ehdZ�<hjhg_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z��j_amevlZlu�

fbg_jZevghc� l_jfhf_ljbb // <_klgbd�<hjhg_`kdh]h� ]hkm�

^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_jby��=_heh]by��2016. ���. K��

53±60. URL: http://www.vestnik.vsu.ru/pdf/heologia/2016/03/ 

2016-03-07.pdf �^ZlZ�h[jZs_gby�������������� 

35. Frost C., Frost B., Beard J. S. On silica-rich granitoids and 

their eruptive equivalents // Am. Mineral. 2016. Vol. 101. pp. 

1268±1284. DOI: 10.2138/am-2016-5307 

36. KZ\dh�D� :��J_Zdpbhggu_� kljmdlmju�b� w\hexpby�f_lZ�

fhjnbafZ�ribg_e_\uo� ]jZgmeblh\�<hjhg_`kdh]h� djbklZe�

ebq_kdh]h�fZkkb\Z����I_ljheh]by� �����������K�����±181. 

����SbiZgkdbc�:� :���KZfkhgh\�:� <���I_ljh\Z�:� X���EZjb�

hgh\Z�X� H��=_h^bgZfbdZ�\hklhqghc�hdjZbgu�KZjfZlbb�\�iZ�

e_hijhl_jhah_� ���=_hl_dlhgbdZ� �����������K����±70. URL: 

https://www.elibrary.ru/item.asp?id ���������^ZlZ�h[jZs_gby��

20.05.2020). 

����KZ\dh�D� :���Dhlh\�:� ;���KZevgbdh\Z�?� ;���Dhjbr�?��O���

Ibex]bg�K��F���:jl_f_gdh�=��<���Dhjbdh\kdbc�K��I� <hajZkl�

f_lZfhjnbafZ� ]jZgmeblh\uo� dhfie_dkh\� <hjhg_`kdh]h�

djbklZeebq_kdh]h�fZkkb\Z�� j_amevlZlu� 8-3E� ]_hojhgheh]b�

q_kdbo�bkke_^h\Zgbc�fhgZpblZ����>hde��:G� ������L���������

��� K�� ���±652. URL: https://www.elibrary.ru/item.asp?id= 

����������^ZlZ�h[jZs_gby����.05.2020). 

����KZ\dh�D� :���KZfkhgh\�:� <���EZjbhgh\�:� G���Dhjbr�?� 

O���Q_j\ydh\kdZy�F� <���;Zabdh\�G� K��Wibah^u�jhklZ�dhglb�

g_glZevghc� dhju� \� jZgg_f� ^hd_f[jbb�KZjfZlbb // Nmg^Z�

f_glZevgu_�\hijhku�l_dlhgbdb�b�]_h^bgZfbdb: fZl_jbZeu 

LII L_dlhgbq_kdh]h�kh\_sZgby��F��� ©=?HKª�����yg\Zjy� ± 1 

n_\jZey������ L�����K�����±273. URL: http://www.ginras.ru/ma-

terials/files/MTS-2020-2%20.pdf �^ZlZ� h[jZs_gby��

20.05.2020). 

����KZ\dh�D� :���KZfkhgh\�:� <���KZevgbdh\Z�?� ;���EZjbhgh\�

:� G���Q_j\ydh\kdZy�F��<���;Zabdh\�G� K���Dhjbr�?� O��=_h�

ojhgheh]by�LL=�ZkkhpbZpbb�\�f_ahZjo__�Dmjkdh]h�[ehdZ�<h�

klhqghc�KZjfZlbb // <_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_g�

gh]h� mgb\_jkbl_lZ��K_jby��=_heh]by�� 2019. �� �. K�� ��±80. 

URL: http://www.vestnik.vsu.ru/pdf/heologia/2019/02/2019-02-

08.pdf �^ZlZ�h[jZs_gby�������������� 

����KZ\dh�D� :���KZfkhgh\�:� <���EZjbhgh\�:� G��F_ahZjo_c�

kdb_�dbkeu_�\medZgblu�Dmjkdh]h�[ehdZ��<hjhg_`kdbc�djb�

klZeebq_kdbc�fZkkb\��khklZ\��\hajZkl�b�dhjj_eypbb�k�MdjZ�

bgkdbf�sblhf // >hde��:G. 2019. L. 486. �� �. K. 718±722. 

DOI: 10.31857/S0869-56524866718-722 

42. Pearce J. Sources and settings of grainitic rocks // Episodes. 

1996. Vol. 19. pp. 120±125. DOI: 10.18814/epiiugs/1996/v19i4/ 

005 

43. Eby G. N. Chemical subdivision of the A-type granitoids: 

petrogenetic and tectonic implications // Geology. 1992. Vol. 20. 

pp. 641±644. DOI: 10.1130/0091-7613(1992)020<0641:CSO-

TAT>2.3.CO;2 

����S_j[Zd�G� I���:jl_f_gdh�=� <���E_kgZy�B� F.��IhghfZ�

j_gdh�:� G��=_hojhgheh]by�jZgg_]h�^hd_f[jby�MdjZbgkdh]h�

sblZ��:jo_c��Db_\��GZmdh\Z�^mfdZ������������k� 

����:jl_f_gdh�=� <���KZf[hjkdZy�B� :���FZjlugxd�:� <��=_h�

obfbq_kdZy�oZjZdl_jbklbdZ�b�]_h^bgZfbq_kdb_�mkeh\by�nhj�

fbjh\Zgby� f_lZ[Zablh\� b� f_lZdhfZlbblh\� Djb\[ZkkZ�

�Kj_^g_ijb^g_ijh\kdbc� f_]Z[ehd� MS�� ��� Fig_jZeh]iqgbc�

`mjgZe� ������L�����������K����±89. URL: http://nbuv.gov.ua/ 

UJRN/ MineralB����B��B�B���^ZlZ�h[jZs_gby�������������� 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

  





 The petrotype of the Neoarchaean Atamansky granite complex (Kursk block, Sarmatia): « 

<_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_jby��=_heh]by����������2, 20±43                             41 

For citation: Savko K. :., Kholina N. V., Samsonov :. V., 

Korish ?. Kh., Chervyakovskaya F. V., Bazikov N. S., 

Larionov :. N. The petrotype of the Neoarchaean Ataman-

sky granite complex (Kursk block, Sarmatia): geochemis-

try, geochronology, and isotopic taxonomy Vestnik Voro-

nezhskogo gosudarstvennogo universiteta. Seriya: Ge-

ologiya = Proceedings of Voronezh State University. Se-

ries: Geology. 2020, No. 2, pp. 20±43. DOI: 

https://doi.org/10.17308/geology.2020.2/2857 

Conflict of interests: The authors declare the absence of 

obvious and potential conflicts of interest related to the 

publication of this article. 

 

REFERENCES 
1. Krestin E. M., Afonin V. V. Glavnye osobennosti petrografii i 

geokhimii granitoidnykh formatsii Kurskoi magnitnoi anomalii 

[The main petrographic and geochemical features of Kursk mag-

net anomaly granitoid formations]. Byull. MOIP, 1976. vol. 51, 

no. 1, pp. 89±99. (in Russ.). 

2. Korrelyatsionnaja skhema stratigrafii i magmatizma rannego 

dokembriya Voronezhskogo kristallicheskogo massiva [Correla-

tion scheme of stratigraphy and magmatism of early Precambrian 

of Voronezh Crystalline Massif] / B. M. Petrov [et al.]. Moscow, 

MPR RF, Centrgeo, 1998. (in Russ.). 

3. Terentiev R. A. The petrology and geochronology of granites 

from Liski pluton, Voronezh Crystalline Massif. Vestnik Voro-

nezhskogo gosudarstvennogo universiteta. Seriya: Geologiya = 

Proceedings of Voronezh State University. Series: Geology, 

2016. no 3, pp. 43±52. URL: http://www.vestnik.vsu.ru/pdf/heo-

logia/2016/03/2016-03-06.pdf (accessed 20.05.2020) (in Russ). 

4. Terentiev R. A., Savko K. A., Santosh M., Petrakova M. E., 

Korish E. H. Paleoproterozoic granitoids of the Don terrane, East-

Sarmatian Orogen: age, magma source and tectonic implications  

Precambrian Research, 2020, vol. 346, 105790. DOI: 

10.1016/j.precamres.2020.105790. 

5. Terentiev R. A., Savko K. A., Santosh M., Korish E. H., Sarkis-

yan L. S. Paleoproterozoic granitoids of the Losevo terrane, East 

European Craton: Age, magma source and tectonic implications. 

Precambrian Research, 2016, vol. 287, pp. 48±72. DOI: 

10.1016/j.precamres.2016.10.015 

6. Savko K. A., Terentiev R. A., Larionov A. N. Veshchestvennyi 

sostav i vozrast mezokratovykh porod Ol'khovskogo intruziva 

Voronezhskogo kristallicheskogo massiva [Composition and age 

of mesocratic rocks of the Olkovshky pluton, Voronezh Crystal-

line Massif]. ,]YHVWLk� Y\VãLK� XþHEQ\K� ]DYHGHQLM�� *HRORJLk� L 

razvedka = Proceedings of higher educational establishments. 

Geology and Exploration, 2014, no. 5, pp. 71±75. (in Russ.). 

7. Terentiev R. A., Savko K. A., Santosh M. Post-collisional two-

stage magmatism in the East Sarmatian Orogen, East European 

Craton: evidence from the Olkhovsky ring complex. J. Geol. Soc, 

2018, vol. 175, pp. 86±99. DOI: 10.1144/jgs2017-017 

8. Savko K. A., Samsonov A. V., Larionov A. N., Larionova Y. 

O., Bazikov N. S. Paleoproterozoic A- and S-granites in the east-

ern Voronezh Crystalline Massif: Geochronology, petrogenesis 

and tectonic setting of origin. Petrology, 2014, vol. 22, no. 3, pp. 

205±233. DOI: 10.1134/S0869591114030059 

9. Savko K. A., Samsonov A. V., Bazikov N. S., Kozlova E. N. 

Paleoproterozoiskie granitoidy Tim-Yastrebovskoi struktury Vo-

ronezhskogo kristallicheskogo massiva: geokhimiya, 

geokhronologiya i istochniki rasplavov [Palaeoproterozic granit-

oids of the Tim-Yastrebovskaya structure, Voronezh Crystalline 

Massif: Geochemistry, geochronology, and melt sources]. Vestnik 

Voronezhskogo gosudarstvennogo universiteta. Seriya: Ge-

ologiya = Proceedings of Voronezh State University. Series: Ge-

ology, 2014, no. 2, pp. 56±78. URL: http://www.vest-

nik.vsu.ru/pdf/heologia/2014/02/2014-02-09.pdf (accessed: 

20.05.2020). (in Russ.). 

10. Krestin E. M., Leonenko E. I. Petrologiya i potentsial'naya 

rudonosnost' gabbro-diorit-granodioritovoi formatsii rannego 

dokembriya KMA [Petrology and potential ore content of the 

gabbro-diorite-granodiorite formation of the Kursk Magnetic 

Anomaly Early Precambrian]. ,]YHVWLk�Y\VãLK�XþHEQ\K�]DYHGHQLM��

*HRORJLk�L�UD]YHGND� �3URFHHGLQJV�RI�KLJKHU�HGXFDWLRQDO�HVWDE�

lishments. Geology and Exploration, 1978, no. 8. pp. 33±45. (in 

Russ.). 

11. Dunai E. I., Goryashin V. I. Petrotip malinovskogo kompleksa 

pozdnekarel'skikh subshchelochnykh granitov v megabloke 

KMA [The petrotype of the Malinovsky late karelian subalkaline 

granite complex in KMA megablock]. Geologicheskii vestnik 

tsentral'nykh raionov Rossii, 2000, no. 2, pp. 19±23. (in Russ). 

12. Savko K. A., Samsonov A. V., Kholin V. M., Bazikov N. S. 

The Sarmatia megablock as a fragment of the Vaalbara supercon-

tinent: Correlation of geological events at the Archaean-Paleopro-

terozoic transition. Stratigraphy and Geological Correlation, 

2017, vol. 25, no. 2, pp. 123±145. DOI: 10.1134/S08695938170 

20058 

13. Savko K. A., Samsonov A. V., Kotov A. %���6DO¶QLNRYD�(� B., 

Korish E. H., Larionov A. N., Anisimova I. V., Bazikov N. S. The 

Early Precambrian Metamorphic Events in Eastern Sarmatia. 

Precambrian Research, 2018, vol. 311, pp. 1±23. DOI: 

10.1016/j.precamres.2018.04.009 

14. Savko K. A., Samsonov A. V., Kholina N. V., Larionov A. 

N., Zaitseva M. V., Korish E. H., Bazikov N. S., Terentiev R. A. 

2.6 Ga high-Si rhyolites and granites in the Kursk Domain, East-

ern Sarmatia: Petrology and application for the Archaean palaeo-

continental correlations. Precambrian Research, 2019, vol. 322, 

pp. 170±192. DOI: 10.1016/j.precamres.2019.01.006 

15. Savko K. A., Bazikov N. S., Artemenko G. V. Geochemical 

evolution of the banded iron formations of the Voronezh crystal-

line massif in the early Precambrian: Sources of matter and geo-

chronological constraints. Stratigraphy and Geological Correla-

tion, 2015, vol. 23, no. 5, pp. 451±467. DOI: 10.1134/S0869593 

815050068 

16. Savko K. A., Kuznetsov A. B., Ovchinnikova M. Yu. Car-

bonate deposits of the Eastern Sarmatia (the Early Precambrian 

Ignateevo Formation, the Kursk Block): sedimentation condi-

tions and paleocontinental correlations. Stratigraphy and Geo-

logical Correlation, 2020, vol. 27, no. 5, pp. 499±513. DOI: 

10.31857/S0869592X20030102 

17. Naidenkov I. V., Derevyankin Yu. A., Derevyankina L. F., 

Arkhipova A. A. Novye dannye po radiologicheskomu vozrastu 

granitoidov tsentral'noi chasti Kurskoi magnitnoi anomalii 

[New data on geochronological age of Kursk magnetic anomaly 

central part granitoids]. Doklady akademii nauk = Reports of 

the Academy of Sciences, 1996, vol. 151, no. 6, pp. 802±805. (in 

Russ). 

18. Black L. P., Gulson B. L. The age of the Mud Tank carbon-

atite, Strangways Range, Northern Territory. J. Austral. Geol. 

Geophys, 1978, vol. 3, pp. 227±232. URL: 

https://d28rz98at9flks.cloudfront.net/80964/Jou1978_v3_n3_ 

p227.pdf (accessed: 20.05.2020). 

19. Jackson S. E., Norman J. P., William L. G., Belousova E. A. 

The application of laser ablation-inductively coupled plasma-

mass spectrometry to in situ U-Pb zircon geochronology. Chem. 

Geol, 2004, vol. 211, pp. 47±69. DOI: 10.1016/j.chemgeo.2004. 

06.017 

20. Giovanardi T., Lugli F. The Hf-INATOR: a free data reduct-



.��:��6DYNR��1��9��.KROLQD��:��9��6DPVRQRY��(��.K��.RUish, M. V. &KHUY\DNRYVND\D��1��6��%D]LNRY��:��1��/DULRQRY 

42                                                             Proceedings of Voronezh State University. Series: Geology. 2020, No. 2, 20±43 

ion spreadsheet for Lu/Hf isotope analysis. Earth Sci. Informat, 

2017, vol. 10, pp. 517±523. DOI: 10.1007/s12145-017-0303-9 

21. Whitney D. L., Evans B. W. Abbreviations for names of rock-

forming minerals. Am. Mineral, 2010, vol. 95, pp. 185±187. DOI: 

10.2138/am.2010.3371 

22. Leake B., Wooley A., Arps C., Birch W., Gilbert C., Grice J., 

Hawthorne F., Kato A., Kisch H., Krivovichev V., Linthout K., 

Laird J., Mandarino J., Maresch W., Nickel E., Rock N., Schu-

macher J., Smith D., Stephenson N., Guo Y. Nomenclature of am-

phiboles: Report of the Subcommittee on Amphiboles of the In-

ternational Mineralogical Association, Commission on New Min-

erals and Mineral Names. Am. Mineral, 1997, vol. 82, pp. 1019±

1037. DOI: 10.1180/minmag.1997.061.405.13 

23. Claiborne L. L., Miller C. F., Walker B. A., Wooden J. L. 

Mazdab F. K. Bea F. Tracking magmatic processes through Zr/Hf 

rations in rocks and Hf and Ti zoning in zircons: an example from 

the Spirit Mountain batholith, Nevada. Mineral. Mag, 2006, vol. 

70, pp. 517±543. DOI: 10.1180/0026461067050348 

24. Bonin B. A-type granites and related rocks: Evolution of a 

concept, problems, and prospects. Lithos, 2007, vol. 97, pp. 1±29. 

DOI: 10.1016/j.lithos.2006.12.007 

25. Frost C. D., Frost B. R. Reduced rapakivi-type granites: the 

tholeiite connection. Geology, 1997, vol. 25, pp. 647±650. 

26. Collins W. J., Beams S. D., White A. J. R., Chappell B. W. 

Nature and origin of A-type granites with particular reference to 

southeastern Australia. Contribut. Mineral. Petrol., 1982, vol. 80, 

pp. 189±200. DOI: 10.1007/BF00374895 

27. Whalen J. B., Currie K. L., Chappell B. W. A-type granites: 

geochemical characteristics discrimination and petrogenesis. 

Contribut. Mineral. Petrol, 1987, vol. 95, pp. 407±419. 

28. PatLxR-Douce A.E. Generation of metaluminous A-type gran-

ites by low-pressure melting of calc±alkaline granitoids. Geology, 

1997, vol. 25, pp. 743±746. DOI: 10.1130/0091-

7613(1997)025<0743:GOMATG>2.3.CO;2 

29. Frost C., Frost B., Bell J., Chamberlain K. The relationship 

between A-type granites and residual magmas from anorthosite: 

evidence from the northern Sherman batholith, Laramie Moun-

tains, Wyoming, USA. Precambrian Research, 2002, vol. 119, 

no. 1±4, pp. 45±71. DOI: 10.1016/S0301-9268(02)00117-1 

30. Wu F. Y., Sun D. Y., Li H. M., Jahn B. M. Wilde S. A-type 

granites in northeastern China: age and geochemical constraints 

on their petrogenesis. Chem. Geol, 2002, vol. 187, no. 1±2, pp. 

143±173. DOI: 10.1016/S0009-2541(02)00018-9 

31. Huang H. Q., Li X. H., Li W. X., Li Z. X. Formation of high 

/18O fayalite-bearing A-type granite by high-temperature melting 

of granulitic metasedimentary rocks, southern China. Geology, 

2011, vol. 39, no. 10, pp. 903±906. DOI: 10.1130/G32080.1 

32. Yang W.-B., Niu H.-C., Hollings P., Zurevinski S. E., Li N.-

B. The role of recycled oceanic crust in the generation of alkaline 

A-type granites. J. Geophys. Res. Solid Earth, 2017, vol. 122, no. 

12, pp. 9775±9783. DOI: 10.1002/2017JB 014921 

33. Savko K. A., Kholina N. V., Kholin V. M., Larionov A. N. 

Vozrast neoarkheiskikh ul'trakalievykh riolitov ± vazhnyi 

geokhronologicheskii reper evolyutsii rannedokembriiskoi kory 

Voronezhskogo kristallicheskogo massiva [Neoarchaean ultrapo-

tassium rhyolites age as an important geochronological bench-

mark of Voronezh Crystalline Massif early Precambrian crust 

evolution]. Izotopnoe datirovanie geologicheskikh protsessov: 

novye rezul'taty, podkhody i perspektivy [Isotopic dating of geo-

logical processes: new results approaches, and perspectives]. 

Saint Petersburg, June 2±5, 2015, Sprinter, 2015, pp. 247±249. 

URL: http://www.geol.vsu.ru/interior/wp-content/up-

loads/2015/06/Thesis.pdf (accessed: 20.05.2020). (in Russ.). 

34. Kholina N. V., Savko K. A., Kholin V. M. High temperature 

crystallization Neoarchean rhyolites of the Kursk block, Voro-

nezh Crystalline Massif: The Mineral thermometry results. Vest-

nik Voronezhskogo gosudarstvennogo universiteta. Seriya: Ge-

ologiya = Proceedings of Voronezh State University. Series: Ge-

ology, 2016, no. 3, pp. 53±60. URL: http://www.vest-

nik.vsu.ru/pdf/heologia/2016/03/2016-03-07.pdf (accessed: 

20.05.2020). (in Russ.). 

35. Frost C., Frost B., Beard J. S. On silica-rich granitoids and 

their eruptive equivalents. Am. Mineral, 2016, vol. 101, pp. 1268±

1284. DOI: 10.2138/am-2016-5307 

36. Savko K. A. Reaction Textures and Metamorphic Evolution 

of Spinel Granulites in the Voronezh Crystalline Massif. Petrol-

ogy, 2000, vol. 8, no. 2, pp. 165±181. URL: 

http://www.geol.vsu.ru/interior/wp-content/uploads/2013/03/Pe-

trology_2_2000.pdf (accessed 20.05.2020). 

37. Shchipansky A. A., Samsonov A. V., Petrova A. Yu., Lari-

onova Yu. O. Geodynamics of the eastern margin of Sarmatia in 

the Paleoproterozoic. Geotectonics, 2007, vol. 41, no. 1, pp. 38±

62. DOI: 10.1134/S0016852107010050 

38. Savko K. A., Kotov A. %���6DO¶QLNRYD�(� B., Korish E. Kh., 

Pilugin S. M., Artemenko G. V., Korikovskii S. P. The Age of 

Metamorphism of Granulite Complexes of the Voronezh Crystal-

line Massif: The Monazite U-Pb Geochronology. Doklady Earth 

Sciences, 2010, vol. 435, no. 2, pp. 1575±1580. DOI: 

10.1134/S1028334X10120056 

39. Savko K. A., Samsonov A. V., Larionov A. N., Korish E. Kh., 

Chervyakovskaya M. V., Bazikov N. S. Epizody rosta kontinen-

tal'noi kory v rannem dokembrii Sarmatii [Episodes of continen-

tal crust growth in the early Precambrian of Sarmatia]. Funda-

mental'nye voprosy tektoniki i geodinamiki [Fundamental ques-

tions of tectonics and geodynamics]. Moscow, January 28 ± Feb-

ruary 1, 2020. Moscow, GEOS, 2020, vol. 2, pp. 270±273. URL: 

http://www.ginras.ru/materials/files/MTS-2020-2%20.pdf (ac-

cessed: 20.05.2020). (in Russ.). 

40. Savko K. A., Samsonov A. 9���6DO¶QLNRYD�(� B., Larionov A. 

N., Chervyakovskaya M. V., Bazikov N. S., Korish E. Kh. Geo-

chronology of TTG association in Mesoarchaean within the 

Kursk block, Eastern Sarmatia. Vestnik Voronezhskogo gosudar-

stvennogo universiteta. Seriya: Geologiya = Proceedings of Vo-

ronezh State University. Series: Geology, 2019, no. 2, pp. 70±80. 

URL: http://www.vestnik.vsu.ru/pdf/heologia/2019/02/2019-02-

08.pdf (accessed: 20.05.2020). (in Russ.). 

41. Savko K. A., Samsonov A. V., Larionov A. N. Mesoarchean 

silicic volcanics in the Kursk block of the Voronezh Crystalline 

Massif: Composition, age, and correlations with the Ukrainian 

Shield. Doklady Earth Sciences, 2019, vol. 486, no. 2, pp. 719±

723. DOI: 10.1134/S1028334X19060321 

42. Pearce J. Sources and settings of grainitic rocks. Episodes, 

1996, vol. 19, pp. 120±125. DOI: 10.18814/epiiugs/1996/v19i4/ 

005 

43. Eby G. N. Chemical subdivision of the A-type granitoids: 

petrogenetic and tectonic implications. Geology, 1992, vol. 20, 

pp. 641±644. DOI: 10.1130/0091-7613(1992)020<0641:CSO-

TAT>2.3.CO;2 

44. Shcherbak N. P., Artemenko G. V., Lesnaya I. M., Ponoma-

renko A. N. Geokhronologiya rannego dokembriya Ukrainskogo 

shchita. Arkhei [Geochronology of Ukrainian Shield early Pre-

cambrian. Archaean]. Kiev, Naukova dumka, 2005. 243 p. (in 

Russ.). 

45. Artemenko G. V., Samborskaya I. A., Martynyuk A. V. Geo-

chemical characteristic and geodynamic condition of metabasites 

and metakomatiites of Kryvbass (Middle-Dnieper megablock of 

the Ukrainian Shield). Mineralogchnyi zhurnal = Mineralogical 

Journal (Ukraine), 2015, vol. 37, no 2, pp. 76±89. URL: 

http://nbuv.gov.ua/UJRN/Mineral_2015_37_2_9 (accessed: 

20.05.2020). (in Russ.). 

 



 The petrotype of the Neoarchaean Atamansky granite complex (Kursk block, Sarmatia): « 

<_klgbd�<hjhg_`kdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ��K_jby��=_heh]by����������2, 20±43                             43 

 

KZ\dh�DhgklZglbg�:jdZ^v_\bq ± ^�]�-f�g���ijhn_kkhj��aZ\_�

^mxsbc�dZn_^jhc�ihe_aguo�bkdhiZ_fuo�b�g_^jhihevah\Z�

gby, <hjhg_`kdbc ]hkm^Zjkl\_gguc�mgb\_jkbl_l��<hjhg_`��

JhkkbckdZy�N_^_jZpby��E-mail: ksavko@geol.vsu.ru 

ORCID https://orcid.org/0000-0002-7291-7024 

OhebgZ�GZlZevy�<bdlhjh\gZ ± ij_ih^Z\Zl_ev�dZn_^ju�ih�

e_aguo�bkdhiZ_fuo�b�g_^jhihevah\Zgby, <hjhg_`kdbc�]hk�

m^Zjkl\_gguc�mgb\_jkbl_l��<hjhg_`��JhkkbckdZy�N_^_jZ�

pby��E-mail: holina_geol@mail.ru 

ORCID https://orcid.org/0000-0002-7220-4358 

KZfkhgh\�:e_dkZg^j�<eZ^bfbjh\bq ± ^�]�-f�g���]eZ\guc�

gZmqguc�khljm^gbd��Bgklblml ]_heh]bb�jm^guo�f_klhjh`�

^_gbc��i_ljh]jZnbb��fbg_jZeh]bb�b�]_hobfbb�J:G��Fhkd\Z��

JhkkbckdZy�N_^_jZpby��E-mail: samsonov@igem.ru 

ORCID https://orcid.org/0000-0003-4101-6159 

Dhjbr�?dZl_jbgZ�OZnbkh\gZ ± \_^msbc�bg`_g_j�eZ[hjZlh�

jbb�dhfie_dkguo�bkke_^h\Zgbc, <hjhg_`kdbc�]hkm^Zj�

kl\_gguc�mgb\_jkbl_l��<hjhg_`��JhkkbckdZy�N_^_jZpby� E-

mail: korish_k@rambler.ru 

ORCID https://orcid.org/0000-0002-6573-1272  

Q_j\ydh\kdZy�FZjby�<eZ^bfbjh\gZ ± feZ^rbc�gZmqguc�kh�

ljm^gbd, Bgklblml�]_heh]bb�b�]_hobfbb�bf��ZdZ^_fbdZ�:��

G��AZ\Zjbpdh]h�MjZevkdh]h�hl^_e_gby�J:G��?dZl_jbg[mj]��

JhkkbckdZy�N_^_jZpby� E-mail: masha_vuf_91@mail.ru 

ORCID https://orcid.org/0000-0002-7074-5433 

;Zabdh\�GbdheZc�K_j]__\bq ± d�]�-f�g���^hp_gl�dZn_^ju�ih�

e_aguo�bkdhiZ_fuo�b�g_^jhihevah\Zgby, <hjhg_`kdbc�]hk�

m^Zjkl\_gguc�mgb\_jkbl_l��<hjhg_`��JhkkbckdZy�N_^_jZ�

pby��E-mail: nickolasss@yandex.ru 

ORCID https://orchid.org/0000-0002-0847-6498 

EZjbhgh\�:e_dkZg^j�GbdheZ_\bq ± d�]�-f�g�, klZjrbc�gZmq�

guc�khljm^gbd��P_glj bahlhiguo�bkke_^h\Zgbc�<K?=?B��

KZgdl-I_l_j[mj]��JhkkbckdZy�N_^_jZpby� 

E-mail: alexander_larionov@vsegei.sp.ru 

:\lhju�ijhqblZeb�b�h^h[jbeb�hdhgqZl_evguc�\ZjbZgl 

jmdhibkb. 

Konstantin A. Savko ± Dr. habil. in Geol.- Min., Professor, Head 

of the Department of Mineral Resources and Mineral Manage-

ment Studies, Voronezh State University, Voronezh, Russian 

Federation; E-mail: ksavko@geol.vsu.ru 

ORCID https://orcid.org/0000-0002-7291-7024 

Natalya V. Kholina ± lecturer, Department of Mineral Resources 

and Mineral Management Studies, Voronezh State University, 

Voronezh, Russian Federation; 

E-mail: holina_geol@mail.ru 

ORCID https://orcid.org/0000-0002-7220-4358 

Alexander V. Samsonov ± Dr.habil. in Geol.- Min., Associate 

Member of the RAS, chief researcher, Institute of Ore Deposits, 

Petrography, Mineralogy and Geochemistry RAS, Moscow, 

Russian Federation; E-mail: samsonov@igem.ru 

ORCID https://orcid.org/0000-0003-4101-6159 

Ekaterina Kh. Korish ± leading engineer, Integrated Research 

Laboratory, Voronezh State University, Voronezh, 

Russian Federation; 

E-mail: korish_k@rambler.ru 

ORCID https://orcid.org/0000-0002-6573-1272  

Maria V. Chervyakovskaya ± research fellow, Zavaritsky Insti-

tute of Geology and Geochemistry of the Ural Branch of the 

Russian Academy of Sciences, Yekaterinburg, Russian Federa-

tion; E-mail: masha_vuf_91@mail.ru 

ORCID https://orcid.org/0000-0002-7074-5433 

Nikolay S. Bazikov ± PhD in Geol.- Min, associate professor, 

Department of Mineral Resources and Mineral Management 

Studies, Voronezh State University, Voronezh, Russian Federa-

tion; E-mail: nickolasss@yandex.ru 

ORCID https://orchid.org/0000-0002-0847-6498 

Alexander N. Larionov ± PhD in Geol.- Min., senior research 

fellow, Centre of Isotopic Research of A. P. Karpinsky Russian 

Geological Research Institute, Saint Petersburg, Russian Federa-

tion; E-mail: alexander_larionov@vsegei.sp.ru 

All authors have read and approved the final manuscript. 


