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�����]. <� F��;h]^Zgh\uf�k�khZ\lhjZfb��\h�\j_fy�ijh�

ba\h^kl\Z� ]em[bggh]h� ]_heh]bq_kdh]h� dZjlbjh\Zgby�

^hd_f[jbckdh]h� nmg^Zf_glZ� <DF� fZkrlZ[Z� ��� ����

�����Bkke_^h\Zgby�\f_sZxsbo�ihjh^�b�jm^�ijh\h^b�

ebkv�\�jZagu_�]h^u�b�jZaebqgufb�gZmqgufb�]jmiiZfb�

ih�d_jgm�kd\Z`bg�[1±13]. 

LjZ^bpbhggh� kqblZ_lky�� qlh� l_eZ� _eZgkdh]h� dhf�

ie_dkZ� (jZaf_jhf� �.5±10 df2) qZs_� \k_]h� keh`_gu� \�

p_gljZevghc�qZklb�^bhjblZfb��\�djZ_\hc� ± ghjblZfb�

f_edh-kj_^g_a_jgbklufb�� ihjnbjh\b^gufb [1, 2, 5, 

10, 12 b�^j�]. M`_�gZ�i_j\uo�wlZiZo�bkke_^h\Zgby�hl�

f_qZeky�jy^�ki_pbnbq_kdbo�^ey�ghjblh\�q_jl��\ukhdZy�

fZ]g_abZevghklv (MgO 8.4±17.4 fZk����ijb�h^gh\j_�

f_ggh�\ukhdhf�kh^_j`Zgbb�SiO2 (52.9±���fZk�����oZ�

jZdl_jghf�^ey�kj_^gbo�ihjh^�[6, 7, 10 b�^j�]��L_�`_�Z\�

lhju�ijb�hibkZgbb�©ghjblh\ª i_j\hc�nZau�_eZgkdh]h�

dhfie_dkZ�mdZau\Zeb�gZ�ijbkmlkl\b_�\�gbo�[bhlblZ���±

������d\ZjpZ�b�dZebriZlZ��\�kmff_ ^h����� b�kj_^g_]h�

ieZ]bhdeZaZ� �An20-60)�� Z� \� ©^bhjblZoª� \lhjhc� nZau� ± 

d\ZjpZ� ��±����� b� dZebriZlZ� ��±15%). <u^_eyebkv�

f_eZ-�� f_ah- b� e_cdhdjZlh\u_� jZagh\b^ghklb� ©ghjb�

lh\ª�[4, 10]. Ki_pbnbq_kdbc�khklZ\�©ghjblh\ª�h[tyk�

gyeky�dhglZfbgZpb_c�jh^hgZqZevgh]h�jZkieZ\Z�dhfZ�

lbblh\ufb�ihjh^Zfb [3], dhfZlbblh\uf khklZ\hf�jZk�

ieZ\Z� dhglZfbgbjh\Zgguf� n_evabq_kdhc� dhglbg_g�

lZevghc�dhjhc�[6, 12] beb�[hgbgblhih^h[guf�jh^hgZ�

qZevguf�khklZ\hf� [8, 13]��H^gZdh�dZdhc�[u�fh^_evx�

fu�g_�klj_fbebkv�h[tykgblv�ijhbkoh`^_gb_�lhc�beb�

bghc�ihjh^u��ijb� __�hibkZgbb�g_h[oh^bfh�jmdh\h^�

kl\h\Zlvky� khklZ\hf� gZ[ex^Z_fuf \� _kl_kl\_gguo�

beb�bkdmkl\_gguo�h[gZ`_gbyo��Z�g_�khklZ\hf�jZkieZ\Z�

\ fZ]fZlbq_kdhf�bklhqgbd_. 

G_khhl\_kl\b_� ljZ^bpbhgguo� gZa\Zgbc ]hjguo�

ihjh^�_eZgkdh]h�dhfie_dkZ�kms_kl\mxsbf�f_`^mgZ�

jh^guf� b� jhkkbckdbf� i_ljhobfbq_kdbf� b� fh^Zev�

guf�deZkkbnbdZpbyf, iha\hebeh�i_j_kfhlj_lv�bo�gh�

f_gdeZlmjm b�\b^h\u_�gZa\Zgby, q_fm� b�ihk\ys_gZ�

^ZggZy�jZ[hlZ.  

 

=_heh]bq_kdZy�ihabpby 

JZkkeh_ggu_�fZnbl-mevljZfZnblh\u_� bgljmabb� b�

fZnbl-]jZgblhb^gu_� km[\medZgbq_kdb_� l_eZ�rbjhdh�

jZkijhkljZg_gu� \� <hjhgph\kdhf� l_jj_cg_�� dhlhjuc�

]_hl_dlhgbq_kdb�jZkkfZljb\Z_lky�dZd�qZklv�iZe_hijh�

l_jhahckdh]h� <hklhqgh-KZjfZlkdh]h� hjh]_gZ� f_`^m�

Zjo_ckdbfb� k_]f_glZfb�<hklhqgh-?\jhi_ckdh]h� djZ�

lhgZ��FZnbl-]jZgblhb^gu_� fZkkb\u� _eZgkdh]h� dhf�

ie_dkZ�ehdZebah\Zgu�\hklhqg__�djmigh]h�?eZgv-Dhe_�

gh\kdh]h� mevljZfZnbl-fZnbl-^bhjblh\h]h� jZkkeh_g�

gh]h�iemlhgZ�[1] k�\hajZklhf�ih�U-Pb ^Zgguf�ih�pbj�

dhgZf�������.3 feg�e_l� [13]��<k_�iemlhgu�_eZgkdh]h�

dhfie_dkZ \g_^j_gu�\�iZe_hijhl_jhahckdb_�l_jjb]_g�

gu_�ij_bfms_kl\_ggh�f_lZi_eblh\u_�ihjh^u \hjhg�

ph\kdhc�k_jbb��=_hobfbq_kdb_�ih�\Zeh\uf�ijh[Zf�[5, 

8, 13]��fbg_jZeh]h-i_ljh]jZnbq_kdb_�[4, 5, 8, 10 b�^j�] 

b�]_hojhgheh]bq_kdb_�ih�pbjdhgZf�[13] bkke_^h\Zgby 

ihjh^�?eZgkdh]h�b�?edbgkdh]h�iemlhgh\��ljZ^bpbhggh�

jZa^_ey_fuo�gZ�^\_�nZau��b� khimlkl\mxsbo�bf�^Z_d�

ihjnbjblh\�^_fhgkljbjmxl��qlh�hgb�h^gh\hajZklgu�b�

dhfZ]fZlbqgu� 

GZ� mjh\g_� wjhabhggh]h� kj_aZ�� ih]j_[_ggh]h� ih^�

q_oehf�nZg_jhahckdbo�hkZ^dh\�fhsghklvx����±����f��

iemlhgu� _eZgkdh]h� dhfie_dkZ� ij_^klZ\eyxl� dhgp_g�

ljbq_kdb�ahgZevgu_�l_eZ�hdheh��±��df�\�^bZf_lj_�k�ah�

gZfb�^bnn_j_gpbjh\Zggufb�hl� djZ_\uo�fZnblh\�^h�

]jZgblhb^h\�\�p_glj_��Ibjhdk_gh\u_�jh]h\bdb��jZa\b�

lu_� \� djZ_\uo� ahgZo� f_lZhkZ^hqguo� dk_gheblh\� b�

\^hev� dhglZdlZ� bgljmabc�� Z� lZd`_� ihjnbjh\b^gu_�

kljmdlmju� ihjh^� b� ijbkmlkl\b_� gbadh]ebgha_fbklhc�

jh]h\hc� h[fZgdb� ihdZau\Zxl� djbklZeebaZpbx� \� fZ�

eh]em[bgguo� mkeh\byo�� \_jhylgh�� f_g__� �� d[Zj�� Ih�

fbfh�wlh]h�[hevrbgkl\hf�bkke_^h\Zl_e_c�hlf_qZxlky�

k_dmsb_� [bhlbl-Zfnb[heh\u_� ]jZgblhb^u�� dhlhju_�

kh^_j`Zl�f_eZghdjZlh\u_�ihjh^u \�dZq_kl\_�dk_gheb�

lh\��qlh�iha\heyeh jZkkfZljb\Zlv�bo�dZd�ihjh^u�\lh�

jhc�nZau�� 

?eZgkdbc�b�?edbgkdbc�iemlhgu� ih^jZa^_e_gu� gZ�

dmfmeylb\gmx��^bnn_j_gpbjh\Zggmx�b�^Zcdh\mx�k_�

jbb� [14]��Dmfmeylb\gZy� k_jby�ij_h[eZ^Z_l�\�djZ_\hc�

qZklb�iemlhgh\��Z�lZd`_�kj_^b�jZaj_aZ�^bnn_j_gpbjh�

\Zgghc�k_jbb��gZjmrZy�h[sbc�lj_g^�hl�fZnblh\�d�]jZ�

gblhb^Zf�� b� khklhbl� ba� fZkkb\guo� f_eZghdjZlh\uo�

f_edh-kj_^g_a_jgbkluo�b�kj_^g_a_jgbkluo�ihjh^��dh�

lhju_�qZklh�g_kml�ijhfure_ggh_�kmevnb^gh_�gbd_e_�

\h_�hjm^_g_gb_��DmfmeZlu�y\eyxlky�gZb[he__�ijbfb�

lb\gufb�ihjh^Zfb�b�oZjZdl_jbamxlky�fbgbfZevgufb�

dhgp_gljZpbyfb� g_kh\f_klbfuo� dhfihg_glh\�� >bn�

n_j_gpbjh\ZggZy�k_jby�aZe_]Z_l�\�p_glj_�fZkkb\h\�b�

bf__l�fhsghklv�[he__��.5 df��HgZ�khklhbl�ba q_j_^m�

xsboky� \ukhdhfZ]g_abZevguo� [bhlbl-hjlhibjhdk_�

gh\uo� b� Zfnb[he-[bhlbl-hjlhibjhdk_gh\uo� ^bhjb�

lh\±]jZgblhb^h\��dhlhju_�[eb`_�d�y^jm�fZkkb\Z�fh]ml�

ihkl_i_ggh�i_j_oh^blv�beb�bf_lv�j_adb_� dhglZdlu� k�

[bhlblh\ufb�b�[bhlbl-jh]h\hh[fZgdh\ufb�]jZgblhb�

^Zfb��Ihjh^u�iemlhgh\�_eZgkdh]h�dhfie_dkZ��b�j_`_�

f_lZhkZ^db�\[ebab�bgljmabc��k_dmlky ^ZcdZfb kbgiem�

lhgbq_kdbo ihjnbjblh\ �jbk����.  

 

NZdlbq_kdbc�fZl_jbZe�b�f_lh^u�bkke_^h\Zgby 

H[jZapu�ij_^klZ\eyxl�kh[hc�d_jg�kd\Z`bg��\dju\�

rbo�?eZgkdbc�b�?edbgkdbc�i_ljhlbibq_kdb_�fZkkb\u�

_eZgkdh]h� dhfie_dkZ�� Hkms_kl\e_gh� i_ljh]jZnbq_�

kdh_�bkke_^h\Zgb_�����rebnh\�b�ijb[eb`_ggh-dheb�

q_kl\_ggZy�hp_gdZ�fh^Zevguo�kh^_j`Zgbc�]eZ\guo�ih�

jh^hh[jZamxsbo�fbg_jZeh\�± [he__�����rebnh\��Bk�

ihevah\Zgu�i_ljhobfbq_kdb_�^Zggu_�:� <� I_j_keZ\�

p_\Z��ba�_]h�^bkk_jlZpbb� [5] b�gZrb�him[ebdh\Zggu_�

j_amevlZlu�[8, 13]. 

DjbklZeehhilbq_kdb_� bkke_^h\Zgby� hkms_kl\e_-

gu�gZ�ijyfhf�hilbq_kdhf�iheyjbaZpbhgghf�fbdjh�

kdhi_�OLYMPUS BX51-P��Dhebq_kl\_ggh-fbg_jZev�

guc�ih^kq_l�\�rebnZo�hkms_kl\e_g�ebg_cguf�f_lh�

^hf k� \uqbke_gb_f ^ebg� fbg_jZevguo� bg^b\b^h\�

�:gZeblbd�� J� :� L_j_glv_\��� H[t_dlb\� 25o beb� ��o, 

jZkklhygb_� f_`^m� ebgbyfb� �.5±1.0 ff�� dhebq_kl\h�

ebgbc�hl����^h�20.  
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Jbk���� Nhlh]jZnbb�ihjnbjblZ�_eZgkdh]h�dhfie_dkZ��Z ± d_jg��b ± rebn�\�kdj_s_gguo�gbdheyo� 

[Fig. 1. Photos of the Elan complex porphyrite: a ± core, b ± thin section in crossed nicols.] 

 

Nhlh]jZnbb�ihjh^�b�rebnh\�\uiheg_gu�gZ�nhlh�

ZiiZjZl_�CANON EOS ���<��h[t_dlb\�CANON EF 100 

mm f/2.8L Macro IS USM��Nhlh]jZnbb�rebnh\�kgylu�

k�ijbf_g_gb_f�iheyjbaZpbhggh]h�nbevljZ�MARUMI 

wide MC-PL��Nhlh]jZn�X��G��Rguj_\� 

H[jZapu�ihjh^�^ey�kbebdZlgh]h�ZgZebaZ�[ueb�bk�

l_jlu�\�ihjhrhd�k�djmighklvx�a_j_g�a����fdf��AZl_f�

f_lh^hf�d\Zjlh\Zgby�hlh[jZgZ�gZ\_kdZ�fZkkhc���]��>Z�

e__�h[jZapu�[ueb�\ukmr_gu�ijb�l_fi_jZlmj_����Û�K�

^h� khklhygby� \ha^mrgh-kmohc�ijh[u�� aZl_f� ± ijhdZ�

e_gu�^h�ihklhygghc�fZkku�ijb�l_fi_jZlmj_�������K��

Ih^]hlh\dZ�baemqZl_e_c�^ey�ZgZebaZ�ihjh^hh[jZamx�

sbo�we_f_glh\�\uiheg_gZ�iml_f�ieZ\e_gby 0.5 ]�ih�

jhrdZ�ijh[u����]�l_ljZ[hjZlZ�eblby�b���]�f_lZ[hjZlZ�

eblby�\�fmn_evghc�i_qb�k�ihke_^mxsbf�hleb\hf�kl_d�

ehh[jZagh]h� ^bkdZ��Obfbq_kdbc� khklZ\�ijh[� hij_^_�

e_g�gZ�j_gl]_ghnemhj_kp_glghf�ki_dljhf_lj_�S8 Tiger 

(Bruker AXS GmbH��=_jfZgby���J_amevlZlu�bkke_^h\Z�

gbc�ihemq_gu�gZ�h[hjm^h\Zgbb�PDIGH�<=M��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^�± K=-

���=KH�������-2012), K=-���=KH�������-85), KL�KW<�

2300-80, KD>-���=KH������-91)��Lhqghklv�ZgZebaZ�kh�

klZ\eyeZ��±���hlg����̂ ey�we_f_glh\�k�dhgp_gljZpbyfb�

\ur_��±��fZk����b�^h���hlg����^ey�we_f_glh\�k�dhgp_g�

ljZpb_c�gb`_��.5 fZk���� 

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

ljhgghf�fbdjhkdhi_�-HRO�����/:�k�kbkl_fhc dhebq_�

kl\_ggh]h� wg_j]h^bki_jkbhggh]h� ZgZebaZ� ©,QFDª�

�<=M���Mkeh\by�ZgZebaZ��mkdhjyxs__�gZijy`_gb_� ���

d\��lhd�ahg^Z��.2 P$��\j_fy�gZ[hjZ�ki_dljZ����k_d��^bZ�

f_lj�imqdZ��±��fdf��=$)�dhjj_dpby�ijb�jZkq_l_�kh^_j�

`Zgby�hdbkeh\�b�hp_gdZ�lhqghklb�ijh\h^bebkv�k�ihfh�

svx�dhfie_dlZ�ijh]jZff�fZl_fZlbq_kdh]h�h[_ki_q_�

gby� kbkl_fu��Lhqghklv� ZgZebaZ� kbkl_fZlbq_kdb� dhg�

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

kbgl_lbq_kdbo�fbg_jZeh\� 

 
IhgylbcgZy�[ZaZ 

=eZ\ghc� keh`ghklvx� ijb� bamq_gbb� ba\_j`_gguo�

h[jZah\Zgbc _eZgkdh]h�dhfie_dkZ�hdZaZeky�\u[hj�dhj

g_\h]h� gZa\Zgby� ^ey� ihjh^� i_j\hc� nZau�� ghjbl� beb�

^bhjbl��b�ihjh^� \lhjhc�nZau�� ^bhjbl�beb� ]jZgh^bh�

jbl? <�lZ[ebp_���ijb\_^_gu�hij_^_e_gby�l_jfbgh\�gh�

jbl�b�̂ bhjbl�ba�gZb[he__�Z\lhjbl_lguo�gZmqguo�b�ijh�

ba\h^kl\_gguo�ba^Zgbc�]_heh]bq_kdhc�hljZkeb� J_ax�

fbjh\Z\�hij_^_e_gby��lZ[e� 1) hq_\b^gh��qlh�^bhjbl�± 

wlh�kj_^gyy�ihjh^Z��SiO2 hl��3 ^h�64 fZk�����Z�ghjbl�± 

hkgh\gZy�(SiO2 hl����^h��3 fZk�����I_ljh]jZnbq_kdbc�

dh^_dk�Jhkkbb�[15] q_ldh�j_]eZf_glbjm_l��klj�������©«�

^ey� iheghdjbklZeebq_kdbo� ihjh^�� \� dhlhjuo� hlq_l�

eb\h�jZkihagZxlky�khklZ\eyxsb_�bo�fbg_jZeu��\�^h�

iheg_gb_�d�TAS-^bZ]jZff_��beb�\�kemqZ_��dh]^Z�obfbq_�

kdb_�ZgZebau�g_�ijhba\h^bebkv��^ey�deZkkbnbdZpbb�ih�

jh^�gZ�mjh\g_�k_f_ckl\�fh]ml�ijbf_gylvky�fbg_jZeh�

]bq_kdb_� deZkkbnbdZpbhggu_� ^bZ]jZffu�� «>ey� \k_o�

kbebdZlguo�ihjh^��djhf_� mevljZfZnbq_kdbo��ijbf_�

gy_lky� ^bZ]jZffZ�QAPF (d\Zjp� ± s_ehqghc� ihe_\hc�

riZl�± ieZ]bhdeZa�± n_ev^riZlhb^���ih�:� Streckeisen 

(1976, 1978)ª��Ih^dhfbkkby�ih�kbkl_fZlbd_�ba\_j`_g�

guo�ihjh^�F_`^mgZjh^gh]h�khxaZ�]_heh]bq_kdbo�gZmd 

[16] mdZau\Z_l�� qlh� gZ� ^bZ]jZff_ QAPF dhjg_\u_�

gZa\Zgby�^bhjbl�b�]Z[[jh�jZaebqZxlky�ih�khklZ\m�ieZ�

]bhdeZaZ�b�p\_lghfm�bg^_dkm��©«_keb�An f_gvr_�����

lh�ihjh^Z�± ^bhjbl��_keb�An [hevr_�����ihjh^Z�± ]Z[�

[jh«ª� Wlbfb�ijbgpbiZfb�[m^_f�jmdh\h^kl\h\Zlvky�

ijb�hij_^_e_gbb�ghf_gdeZlmju�ihjh^�_eZgkdh]h�dhf�

ie_dkZ� 
 

I_ljh]jZnby 

DmfmeZlu ± gZb[he__� f_eZghdjZlh\u_� l_fgh-k_�

ju_�� a_e_gh\Zlh-l_fgh-k_ju_� ^h� q_jguo� ihjh^u 

�jbk� 2). Kljmdlmju�ihjh^�f_edh-kj_^g_a_jgbklu_�^h�

kj_^g_a_jgbkluo�� dmfmeylb\gu_� �b^bhfhjngu_� bah�

f_ljbqgu_� djbklZeeu� ibjhdk_gh\�� heb\bgZ�� bgh]^Z�

ieZ]bhdeZaZ�b�jh]h\hc�h[fZgdb�ih]jm`_gu�\�bgl_jdm�

fmemkgmx�hkgh\gmx�fZkkm��khklhysmx�ba�d\ZjpZ��dZ�

ebriZlZ��[bhlblZ��bgh]^Z�jh]h\hc�h[fZgdb��jbk���) b 

]bib^bhfhjngu_�� 

QZklh�\�dmfmeylb\guo�ihjh^Zo�\klj_qZxlky�g_ijZ�

\bevghc�beb�bahf_ljbqghc�nhjfu�djmigu_�djbklZeeu�

heb\bgZ� ihjy^dZ� �ff� Kh^_j`Zgb_� heb\bgZ� g_� j_^dh�

ij_\urZ_l� ����Hjlhibjhdk_g� ± gZb[he__�jZkijhkljZ�

g_gguc�b^bhfhjnguc�fbg_jZe�dmfmeZlh\� Kh^_j`Zgb_� 
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LZ[e. 1. Hij_^_e_gby�l_jfbgh\�ghjbl�b�^bhjbl 

[Table 1. Definitions of terms norite and diorite] 

Ghjbl 

[Norite] 

>bhjbl 

[Diorite] 

KkuedZ 

[Reference] 

Iemlhgbq_kdZy� ihjh^Z�� khklhysZy� kms_kl\_ggh�

ba�[blh\gblZ��eZ[jZ^hjZ b�hjlhibjhdk_gZ 

Iemlhgbq_kdZy� ihjh^Z�� khklhysZy� kms_kl\_ggh� ba�

gZljb_\h]h�ieZ]bhdeZaZ��h[uqgh�jh]h\hc�h[fZgdb��qZ�

klh�k�[bhlblhf�beb�Z\]blhf 

[16] 

=Z[[jhb^� k�jhf[bq_kdbf�ibjhdk_ghf� dZd� ]eZ\�

ghc�khklZ\ghc�qZklvx��djbklZeebq_kdba_jgbklZy�

ihjh^Z�� khklhysZy� ba� hkgh\gh]h� ieZ]bhdeZaZ�

�[ebadh]h�d�eZ[jZ^hjm� b�h^gh]h�beb�g_kdhev�

dbo�jhf[bq_kdbo�ibjhdk_gh\� 

Iemlhgbq_kdZy� ihjh^Z�� khklhysZy� kms_kl\_ggh� ba�

h[uqgh� ahgZevgh]h� ieZ]bhdeZaZ� �An25-50�� j_^dh� [he__��

55-�����l_fghp\_lguo�fbg_jZeh\�^h������h[udgh\_g�

gZy�jh]h\Zy�h[fZgdZ��fhghdebgguc��j_`_�jhf[bq_kdbc�

ibjhdk_gu���d\Zjp�^h������-20% - d\Zjp_\uc�^bhjbl���

dZeb_\h-gZljb_\uc�ihe_\hc�riZl�^h������Kh^_j`Zgb_�

SiO2=53-57% (57-64% \ d\Zjp_\uo�^bhjblZo� 

[17] 

<�k_f_ckl\h�]Z[[jhb^h\�\oh^yl�hkgh\gu_�iemlh�

gbq_kdb_�ihjh^u��khklhysb_�ba�hkgh\gh]h�ieZ�

]bhdeZaZ��debgh- b�hjlhibjhdk_gZ 

Pl 35±65% 

Opx 35±65% 

Hbl < 5% 

Cpx < 5% 

SiO2=46±53%  

Pl (An25-50) 60±80% 

Hbl 0±35% 

Bt 0±30% 

Px 5±20% 

Kfs, Qtz ^h������±����\�d\Zjp_\uo�^bhjblZo� 

SiO2=53-58% (57±64% \�d\Zjp_\uo�^bhjblZo� 

[15] 

Ijb�hlkmlkl\bb�kbebdZlguo�ZgZebah\�bkihevam_lky�^bZ]jZffZ�QAPF ih�>19]. 

?keb�Pl An�����lh�ihjh^Z�± ^bhjbl��_keb�An!����ihjh^Z�± ]Z[[jhb^ [16] 
 

Pl (hkgh\ghc) 35-65% 

Opx 30±60% 

Hbl < 5% 

Cpx < 5% 

Bt, Qtz, Kfs ������^h�����\�d\Zjp-[bhlblkh^_j�

`Zsbo�jZagh\b^ghklyo� 

SiO2=46±53% 

Pl (An20-50) 55±95% 

Hbl 0±40% 

Bt 0±40% 

Px 5±20% 

Kfs, Qtz ^h������±����\�d\Zjp_\uo�^bhjblZo� 

SiO2=53±57% (56±64% \�d\Zjp_\uo�^bhjblZo� 

[18] 

 

hjlhibjhdk_gZ�\Zjvbjm_l�hl����^h�����^hklb]Zy�����\�

ieZ]bhhjlhibjhdk_gblZo� 

Jh]h\Zy h[fZgdZ \�dmfmeZlZo�b^bhfhjngZy��qZklh�k�

\bamZevghc� ahgZevghklvx� �[mju_� y^jZ� b� a_e_gu_�

dZcfu��khklZ\ey_l�hl����^h������QZs_�\k_]h�jh]h\Zy�

h[fZgdZ� ij_^klZ\e_gZ� b^bhfhjngufb� djbklZeeZfb�

gZjy^m� k� hjlhibjhdk_ghf�b�ihcdbeblh\ufb� a_jgZfb�

ieZ]bhdeZaZ�� <� hjlhibjhdk_gh\hc k_jbb� dmfmeylb\�

guo ihjh^� ± wlh� dZcfu� \hdjm]� hjlh- beb� debghib�

jhdk_gZ�� kZfhklhyl_evgu_� km[b^bhfhjngu_� b� dk_gh�

fhjngu_�a_jgZ� 

<lhjhkl_i_ggu_� fbg_jZeu� dmfmeZlh\� ij_^klZ\�

e_gu� km[b^bhfhjngufb� debghibjhdk_ghf� b� [bhlb�

lhf�� dk_ghfhjngufb� d\Zjp_f�� dZeb_\uf� ihe_\uf�

riZlhf� 

Hjlhibjhdk_g-[bhlblh\u_�̂ bnn_j_gpbZlu�khhl�

\_lkl\mxl� \� ljZ^bpbhgghf� ihgbfZgbb� i_j\hc� nZa_�

_eZgkdh]h�dhfie_dkZ �jbk������� b oZjZdl_jbamxlky�rb�

jhdbf� gZ[hjhf� ihjh^hh[jZamxsbo� fbg_jZeh\�� heb�

\bg�� hjlhibjhdk_g�� debghibjhdk_g�� [bhlbl�� jh]h\Zy�

h[fZgdZ��ieZ]bhdeZa��d\Zjp�b�dZeb_\uc�ihe_\hc�riZl��

Kljmdlmju�ihjh^�ihjnbjh\b^gu_��\djZie_ggbdb�± hj�

lhibjhdk_g��j_^dh�ieZ]bhdeZa���]bib^bhfhjngu_��jy^�

b^bhfhjnbafZ�� heb\bg� ± hjlhibjhdk_g� ± debghib�

jhdk_g�± ieZ]bhdeZa��[bhlbl��jh]h\Zy�h[fZgdZ�± d\Zjp�

b�dZeb_\uc�ihe_\hc�riZl���kljmdlmju�hkgh\ghc�fZkku�

f_edha_jgbklu_� \� jZ\ghf_jgha_jgbkluo� �]bib^bh�

fhjnguo��jZagh\b^ghklyo�b�lhgdha_jgbklu_�\�ihjnb�

jh\b^guo�jZagh\b^ghklyo�ihjh^�  

Heb\bg�\klj_qZ_lky� kihjZ^bq_kdb��dZd�ijZ\beh��\�

gZb[he__� f_eZghdjZlh\uo� jZagh\b^ghklyo��Hg� ij_^�

klZ\e_g��qZs_� \k_]h�� \dexq_gbyfb� \�n_ghdjbklZeeZo�

hjlhibjhdk_gZ�� ]^_� aZf_sZ_lky� Z]j_]ZlZfb� b^�

^bg]kblZ-[hmebg]blZ�� J_^dh� \klj_qZxlky� g_ijZ\bev�

ghc� beb� bahf_ljbqghc� nhjfu� djmigu_� djbklZeeu��

Heb\bg, dhglZdlbjmxsbc�k�e_cdhdjZlh\hc�khklZ\eyx�

s_c�ihjh^, \k_]^Z�baf_g_g��Z�g_baf_g_ggu_�djbklZeeu�

\k_]^Z�hdjm`_gu�j_Zdpbhgghc�dZcfhc�hjlhibjhdk_gZ�

b�\�_^bgbqguo�kemqZyo�[bhlblZ�b�jh]h\hc�h[fZgdb��Kh�

^_j`Zgb_�heb\bgZ�g_�ij_\urZ_l�3%. 

Hjlhibjhdk_g�rbjhdh�\Zjvbjm_l�hl�9 ^h��0%. Hg��\�

[hevrbgkl\_�h[jZaph\��keZ]Z_l n_ghdjbklZeeu�jZaf_�

jhf� �.3±2.0 j_^dh� [he__� ff�� <djZie_ggbdb� hjlhib�

jhdk_gZ qZklh�kh^_j`Zl�\dexq_gby�heb\bgZ��debghib�

jhdk_gZ, \jZklZgby�hcdhdjbklZeeh\�ieZ]bhdeZaZ b�[bh�

lblZ�� Km^y� ih� kl_i_gb� b^bhfhjnbafZ, hjlhibjhdk_g�

djbklZeebam_lky�beb�kh\f_klgh�k�heb\bghf��beb�kjZam�

ihke_�g_]h� 

Debghibjhdk_g�ij_^klZ\e_g�\�[hevrbgkl\_�h[jZa�

ph\�\�g_[hevrhf�dhebq_kl\_��kj_^g__�kh^_j`Zgb_�����

\�_^bgbqguo�kemqZyo�̂ hklb]Z_l�����Nhjfbjm_l�f_edb_�

kZfhklhyl_evgu_� djbklZeeu� k� dZcfhc� jh]h\hc� h[�

fZgdb�beb�h[jZklZ_l�hjlhibjhdk_g�� 

Jh]h\Zy h[fZgdZ lZd`_�y\ey_lky�g_hlt_fe_fhc�qZ�

klvx� hjlhibjhdk_g-[bhlblh\uo� ^bnn_j_gpbZlh\. ?_ 

dhebq_kl\h� \Zjvbjm_l� hl� �� ^h� �7%. HgZ� nhjfbjm_l�

dZcfu� \hdjm]� hjlh- beb� debghibjhdk_gZ�� kZfhklhy�

l_evgu_�km[b^bhfhjngu_�b�dk_ghfhjngu_�a_jgZ� 
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Jbk���� Nhlh]jZnbb�lbih\uo�h[jZaph\�ihjh^guo�k_jbc�_eZgkdh]h�dhfie_dkZ��k\_`bc�kdhe��d_jg�kd\Z`bg���KhdjZs_gby��F ± 

kmffZ�l_fghp\_lguo�fbg_jZeh\��p\_lghc�bg^_dk���Fs ± kmffZ�ihe_\uo�riZlh\��Pl ± ieZ]bhdeZa���Kfs ± dZeb_\uc�ihe_\hc�riZl���Qtz 

± d\Zjp��Opx ± hjlhibjhdk_g��Bt ± [bhlbl��Hbl ± fZ]fZlbq_kdbc�Zfnb[he��Nhlh \uihegbe X. G. Rguj_\. 
[Fig. 2. Photographs of typical samples of the Elan complex rock series (fresh spalling, drillhole cores). Abbreviations: M ± mafic and 

related minerals (color index), Fs ± feldspars (Pl ± plagioclase + Kfs ± K-feldspar), Qtz ± quartz, Opx ± orthopyroxene, Bt ± biotite, Hbl ± 

magmatic amphibole. Photo taken by Yu. N. Shnyrev.] 

 

;bhlbl�oZjZdl_jbam_lky�dk_ghfhjnbafhf��Hg�djb�

klZeebam_lky�ihke_�ieZ]bhdeZaZ��Dhebq_kl\Z�_]h�baf_�

gyxlky�hl�3��\�gZb[he__�f_eZghdjZlh\uo�ihjh^Zo�^h�

����\�kZfuo�e_cdhdjZlh\uo�b�f_ahdjZlh\uo�h[jZapZo�

]eZ\ghc�kh\hdmighklb�ihjh^� 

IeZ]bhdeZa� ij_^klZ\e_g� e_cklZfb� \� ihjnbjh\b^�

guo�lhgdha_jgbkluo�jZagh\b^ghklyo�b�lZ[eblqZlufb�

djbklZeeZfb�\�]bib^bhfhjnguo�f_edha_jgbkluo�jZa-

gh\b^ghklyo�� J_^dh� h[jZam_l� n_ghdjbklZeebq_kdb_�

\djZie_gby k� hlq_leb\hc� hkpbeypbhgghc� ahgZevgh�

klvx��Mkj_^g_gguc�khklZ\�e_cklh\b^gh]h�b�lZ[eblqZ�

lh]h�ieZ]bhdeZaZ�]eZ\ghc�kh\hdmighklb�ihjh^�khhl\_l�

kl\m_l� Zg^_abgm�An35-42 �jbk��4). N_ghdjbklZeeu�ieZ�

]bhdeZaZ [bhlbl-hjlhibjhdk_gh\uo�̂ bnn_j_gpbZlh\ b�

ieZ]bhdeZa� dmfmeylb\guo� ihjh^� oZjZdl_jbam_lky�

[ebadbf�khklZ\hf��hl��Zg^_abgZ��^h��eZ[jZ^hjZ�An40-70 
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Jbk���� Fbdjhnhlh]jZnbb�lbih\uo�h[jZaph\�ihjh^guo�k_jbc�_eZgkdh]h�dhfie_dkZ��DmfmeZlu��a) ieZ]bhdeZa-hjlhibjhdk_gh�

\uc��f_eZghjbl���b) ieZ]bhdeZa-jh]h\hh[fZgdh\uc��jh]h\hh[fZgdh\h_�f_eZ]Z[[jh���[bhlbl-hjlhibjhdk_gh\Zy�k_jby��c) d\Zjp_\uc�

f_eZ^bhjbl��d) f_eZ]jZgh^bhjbl��Zfnb[he-[bhlblh\Zy�k_jby��e) d\Zjp_\uc�^bhjbl��f) fhgph]jZgbl��Nhlh�\uihegbe�X� G� Rguj_\�

(http://ostrov-mineralov.ru/). 

[Fig. 3. Microphotographs of typical samples of the Elan complex rock series. Cumulates: a) plagioclase-orthopyroxene (melanorite), b) 

plagioclase-hornblende (hornblende melagabbro); biotite-orthopyroxene series: c) quartz meladiorite, d) melagranodiorite; amphibole-biotite 

series: e) quartz diorite, f) monzogranite. Photo taken by Yu. N. Shnyrev (http://ostrov-mineralov.ru/).] 

 

�jbk������Mkj_^g_ggu_�khklZ\u�ieZ]bhdeZaZ, \uqbke_g�

gu_� wdkij_kk-f_lh^hf� Fbr_ev-E_\b� kh\iZ^Zxl kh�

klZlbklbq_kdbfb ^Zggufb�ehdZevguo�fbdjhahg^h\uo�

ZgZebah\� 

D\Zjp�b�dZeb_\uc�ihe_\hc�riZl�\k_]^Z�aZgbfZxl�

bgl_jklbpbb�eb[h�\�\b^_�lhgdha_jgbklhc�fZkku��eb[h�

\�\b^_�djmiguo�h^gh\j_f_ggh�ih]ZkZxsbo�hcdhdjb�

klZeeh\��Dhebq_kl\h�d\ZjpZ�baf_gy_lky�hl��.4 ^h������

dZeb_\h]h�ihe_\h]h�riZlZ�hl���^h����� 

:fnb[he-[bhlblh\u_� ^bnn_j_gpbZlu� khhl\_l�

kl\mxl�\�ljZ^bpbhgghf�ihgbfZgbb�\lhjhc�nZa_�_eZgk-

dh]h�dhfie_dkZ� �jbk��������b� oZjZdl_jbamxlky�madbf�

gZ[hjhf�ihjh^hh[jZamxsbo�fbg_jZeh\��[bhlbl��jh�

]h\Zy�h[fZgdZ��ieZ]bhdeZa��d\Zjp�b�dZeb_\uc�ihe_\hc�

riZl��Kljmdlmju�ihjh^�]bib^bhfhjngu_��jy^�b^bh�

fhjnbafZ��ieZ]bhdeZa�± jh]h\Zy�h[fZgdZ�± [bhlbl�± 

d\Zjp�b�dZeb_\uc�ihe_\hc�riZl���j_^dh�ihjnbjh\b^�

gu_� �\djZie_ggbdb� ± jh]h\Zy�h[fZgdZ��ij_^iheh`b�

l_evgh� ik_^hfhjnhau� ih� ibjhdk_gm� b� ieZ]bhdeZa���

kljmdlmju� hkgh\ghc� fZkku� ± f_edha_jgbklu_ b�

f_edh-kj_^g_a_jgbklu_.
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IeZ]bhdeZa� qZs_� \k_]h� ij_^klZ\e_g� b^bhfhjn�

gufb� lZ[eblqZlufb� djbklZeeZfb�� j_`_� bahf_ljbq�

gufb a_jgZfb k�hlq_leb\hc�hkpbeypbhgghc�ahgZevgh�

klvx��\�p_glj_�± Zg^_abg��ih�djZyf�± heb]hdeZa���Kh�

klZ\�ieZ]bhdeZaZ \Zjvbjm_l�hl�Zg^_abgZ�^h�heb]hdeZaZ�

fh^Zevgu_ agZq_gby�± An20-40 �jbk������<uqbk�

e_gby wdkij_kk-f_lh^hf�Fbr_ev-E_\b� lZd`_�

khhl\_kl\mxl� khklZ\Zf� heb]hdeZa±Zg^_abg��

Fh^Zevgh_�kh^_j`Zgb_�ieZ]bhdeZaZ�hdheh��7% 

(35±60%).  

Jh]h\Zy h[fZgdZ jZkijhkljZg_gZ f_g__�

hklZevguo�ihjh^hh[jZamxsbo�fbg_jZeh\�]jZ�

gblhb^h\ Zfnb[he-[bhlblh\hc�k_jbb. ?_ dheb�

q_kl\h�\Zjvbjm_l�hl���^h�30���<�[hevrbgkl\_ 

h[jZaph\� ± wlh� ik_\^hfhjnhau�� ij_^iheh`b�

l_evgh, ih� n_ghdjbklZeeZf� ibjhdk_gZ�� kZfh�

klhyl_evgu_� km[b^bhfhjngu_� a_jgZ�� kjhkldb�

a_j_g�beb�kjhkldb�k�[bhlblhf� 

;bhlbl�oZjZdl_jbam_lky�km[b^bhfhjngufb�

nhjfZfb�� Hg� djbklZeebam_lky� ihke_� ieZ]bh�

deZaZ�b�jh]h\hc�h[fZgdb��Dhebq_kl\Z�_]h�baf_�

gyxlky�hl�6��^h����� 

D\Zjp� b� dZebriZl� dk_ghfhjngu� hlghkb�

l_evgh� hklZevguo� ihjh^hh[jZamxsbo� fbg_jZ�

eh\��D\Zjp�\�\b^_�hl^_evguo�a_j_g��Z�dZebriZl��

dZd�ijZ\beh, \�\b^_�_^bguo�ihcdbehdjbklZeeh\�

k� h^bgZdh\uf� ih]ZkZgb_f�� <klj_qZxlky dZd� kjhkldb�

d\ZjpZ�k�ieZ]bhdeZahf��fbjf_dblu���lZd�b�ijhjZklZgby�

dZebriZlZ� \� ieZ]bhdeZa_� �Zglbi_jlblu��� Dhebq_kl\h�

d\ZjpZ�baf_gy_lky�hl�����^h������dZeb_\h]h�ihe_\h]h�

riZlZ�hl���^h�25%. 
 

 

Jbk���� Fh^Zevguc�fbg_jZevguc�khklZ\�dmfmeZlh\��d\Z^jZlu���ihjh^�^bnn_j_gpbjh\Zgguo�k_jbc��djm`db��[bhlbl-hjlhib�

jhdk_gh\hc��]hem[u_��b�[bhlbl-Zfnb[heh\hc��jhah\u_��_eZgkdh]h�dhfie_dkZ�gZ�deZkkbnbdZpbhgguo�^bZ]jZffZo�4$3��Pl±

Px±Ol b�Pl±Px±Hbl [16, 19]. Q ± d\Zjp��A ± s_ehqgu_�ihe_\u_�riZlu��P b�Pl ± ieZ]bhdeZa��Px ± ibjhdk_gu��Ol ± heb\bg��Hbl ± 

jh]h\Zy�h[fZgdZ�� 

[Fig. 5. Modal mineral composition of cumulates (squares), biotite-orthopyroxene (blue) and biotite-amphibole (pink) differentiated 

rock series (circles) of the Elan complex on the QAP, Pl±Px±Ol and Pl±Px±Hbl classification diagrams [16, 19]. Q ± quartz, A ± alkaline 

feldspars, P and Pl ± plagioclase, Px ± pyroxenes, Ol ± olivine, Hbl ± hornblende.] 

 
Jbk���� =bklh]jZffu�kh^_j`Zgbc�Zghjlblh\h]h�fbgZeZ \�ieZ]bh�

deZa_� dmfmeylb\ghc� b� ^bnn_j_gpbjh\Zgghc� k_jbc� _eZgkdh]h�

dhfie_dkZ: 1 ± dmfmeZlu��2 ± Bt-2S[�k_jby��n_ghdjbklZeeu���3 ± Bt-

2S[�k_jby��e_cklu���4 ± Bt-+EO�k_jby. 

[Fig. 4. Histograms of the anorthite contents in the plagioclase of the 

Elan complex cumulates and differentiated rock series: 1 ± cumulates, 

2 ± Bt-Opx series (phenocrystals), 3 ± Bt-Opx series (laths), 4 ± Bt-Hbl 

series.] 
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I_ljhobfby 

Ih�i_ljhobfbq_kdhfm�khklZ\m �jbk��6) dmfmeZlu�b�

ihjh^u� ^bnn_j_gpbjh\Zgghc� k_jbb� _eZgkdh]h� dhf�

ie_dkZ� �ih^jZamf_\Zxlky� \k_� [bhlbl-hjlhibjhdk_gh�

\u_ jZagh\b^ghklb��\u^_ey_fu_�ij_^r_kl\_ggbdZfb�\�

dZq_kl\_�i_j\hc�nZau) y\eyxlky�kj_^gbfb�b�^Z`_�dbk�

eufb��SiO2 = 52.71±65.3 fZk��, ^\Z h[jZapZ kh�agZq_�

gb_f�f_g__��� fZk��) b�hlghkylky�d�k_f_ckl\Zf�ba\_kl�

dh\h-s_ehqguo�� hl� mf_j_ggh- ^h� \ukhdh]ebgha_fb�

kluo� Al2O3/(Fe2O3+FeO+MgO) = 0.38±1.57�� gbadh-, 

mf_j_gghs_ehqguo��Na2O+K2O ����fZk�����^bhjblh\��

d\Zjp_\uo�̂ bhjblh\� b�]jZgh^bhjblh\�k�gbadbf�b�kj_^-

gbf�(<0.25±1.65) K2O/Na22�hlghr_gb_f�  

KZfu_� e_cdhdjZlh\u_� ihjh^u� ^bnn_j_gpbjh\Zg�

ghc�k_jbb�_eZgkdh]h�dhfie_dkZ��ih^jZamf_\Zxlky�\k_�

[bhlbl-jh]h\hh[fZgdh\u_� jZagh\b^ghklb�� \u^_ey_�

fu_�jZg__�\�dZq_kl\_�\lhjhc�nZau��y\eyxlky�dbkeufb�

b�\�f_gvr_c�kl_i_gb�kj_^gbfb��SiO2 = 60.58±69.7��fZk��

���b�hlghkylky�d�k_f_ckl\Zf�ba\_kldh\h-s_ehqguo��hl�

mf_j_ggh- ^h� \ukhdh]ebgha_fbkluo�

Al2O3/(Fe2O3+FeO+MgO) = 0.70±2.8���gbadh-��mf_j_g�

ghs_ehqguo��Na2O+K2O ����fZk�����d\Zjp_\uo�^bhjb�

lh\�� lhgZeblh\�b� ]jZgh^bhjblh\� k�gbadbf�b� kj_^gbf�

(<0.5±1.63) K2O/Na22�hlghr_gb_f�� 

 

 
Jbk���� TAS-^bZ]jZffZ�^ey�ihjh^�_eZgkdh]h�dhfie_dkZ�<DF��1 ± dmfmeylb\gZy�k_jby��2 ± ^bnn_j_gpbjh\ZggZy�k_jby��[bhlbl-

hjlhibjhdk_gh\Zy���3 ± ^bnn_j_gpbjh\ZggZy�k_jby��[bhlbl-Zfnb[heh\Zy���4 ± ^Zcdh\Zy�k_jby��ihjh^Z���hkgh\gZy�fZkkZ�� 
[Fig. 6. TAS diagram for the Elan complex rocks of the VCM: 1 ± cumulate series, 2 ± differentiated series (biotite-orthopyroxene), 3 ± 

differentiated series (biotite-amphibole), 4 ± dyke series (whole rock + groundmass).] 

 

H[km`^_gb_�j_amevlZlh\ 

P\_lghc� bg^_dk� ihjh^� hjlhibjhdk_g-[bhlblh\hc�

k_jbb�_eZgkdh]h�dhfie_dkZ�baf_gy_lky�hl����^h������

AgZq_gby�����ij_\urZ_lky�lhevdh�\�ihjh^Zo�dmfmey�

lb\ghc�kljmdlmju�b�^hklb]Z_l���.7��\�ieZ]bhhjlhib�

jhdk_gbl_��Wlh�k\b^_l_evkl\m_l�h�lhf��qlh�ihjh^u��hl�

ghkbfu_�jZg__�d�i_j\hc�nZa_��khklhyl�ba�kj_^g_]h�ieZ�

]bhdeZaZ�� y\eyxlky� d\Zjp-�� dZebriZlkh^_j`Zsbfb�

beb� d\Zjp_\ufb� b� dZebriZlh\ufb�� p\_lghc� bg^_dk�

�heb\bg� �� ibjhdk_gu� �� jh]h\Zy� h[fZgdZ� �� [bhlbl� ��

jm^gu_�b�Zdp_kkhjgu_�fbg_jZeu��g_�ij_\urZ_l������

qlh� iha\hey_l� ijbf_gylv� d� gbf� deZkkbnbdZpbhggmx�

^bZ]jZffm�QAP [16, 19] (jbk������DmfmeZlu��hdheh���±

����h[jZaph\��± wlh�f_eZghdjZlh\u_�ihjh^u�k�fbgb�

fZevgufb� kh^_j`Zgbyfb� d\ZjpZ�� khklZ\hf� ieZ]bh�

deZaZ� ijb[eb`Zxs_]hky� d� eZ[jZ^hjm�� qlh� iha\hey_l�

ijbf_gylv� d�gbf� deZkkbnbdZpbhggu_�^bZ]jZffu� 3O-

Px-2O�b�3O-Px-Hbl [16, 19] �jbk����. 

J_amevlZlu� dhebq_kl\_ggh-fbg_jZevguo� ih^kq_�

lh\�k\b^_l_evkl\mxl�h�lhf��qlh�ihjh^u��hlghkbfu_�jZ�

g__�d�\lhjhc�nZa_��khklhyl�ba�kj_^g_]h�b�dbkeh]h�ieZ�

]bhdeZaZ�� y\eyxlky� d\Zjp_\ufb� b� dZebriZlh\ufb��

p\_lghc�bg^_dk��jh]h\Zy�h[fZgdZ���[bhlbl���jm^gu_�b�

Zdp_kkhjgu_ fbg_jZeu��g_�ij_\urZ_l������qlh�iha\h�

ey_l�ijbf_gylv�d�gbf�deZkkbnbdZpbhggmx�^bZ]jZffm�

QAP [16, 19] �jbk������DmfmeZlu�Zfnb[he-[bhlblh\hc�
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k_jbb��hdheh����h[jZaph\��± wlh�f_eZghdjZlh\u_�ih�

jh^u� k�fbgbfZevgufb� kh^_j`Zgbyfb� d\ZjpZ�� khklZ�

\hf�ieZ]bhdeZaZ�ijb[eb`Zxs_]hky�d�Zg^_abgm��[hev�

rbf�dhebq_kl\hf�jh]h\hc�h[fZgdb�± khklZ\u�i_j_oh^�

guo�ihjh^�± ]Z[[jh^bhjblh\� 

Fh^Zevgu_�khklZ\u�dmfmeZlh\��^bnn_j_gpbjh\Zg�

guo� ihjh^� hjlhibjhdk_g-[bhlblh\hc� �beb� i_j\Zy�

nZaZ��b�Zfnb[he-[bhlblh\hc� �beb�\lhjZy�nZaZ��k_jbc�

_eZgkdh]h� dhfie_dkZ� \ug_k_gu�gZ�fbg_jZeh]bq_kdb_�

deZkkbnbdZpbhggu_�^bZ]jZffu��jbk������Khhlghr_gby�

d\ZjpZ�b�ihe_\uo�riZlh\��l_fghp\_lguo�fbg_jZeh\�b�

khklZ\�ieZ]bhdeZaZ�k\b^_l_evkl\mxl�h�lhf��qlh�kj_^b�

ihjh^��hlghkbfuo�jZg__�d�i_j\hc�nZa_��ij_h[eZ^Zxl�

f_eZ^bhjblu�b�d\Zjp_\u_�f_eZ^bhjblu��dhlhju_�aZdh�

ghf_jgh� ^bnn_j_gpbjmxlky� q_j_a� d\Zjp_\u_� f_eZ�

fhgph^bhjblu�̂ h�f_eZ]jZgh^bhjblh\��Ih�khklZ\m�l_f�

ghp\_lguo� fbg_jZeh\� \ky� k_jby� ihjh^� hlghkblky� d�

[bhlbl-hjlhibjhdk_gh\uf�jZagh\b^ghklyf��DmfmeZlu�

ij_^klZ\e_gu� neh]hiblh\ufb� b� neh]hibl-jh]h\hh[�

fZgdh\ufb�f_eZghjblZfb��ieZ]bhhjlhibjhdk_gblZfb�

b�bo�hlghkbl_evgh�e_cdhdjZlh\ufb�ZgZeh]Zfb�± neh�

]hibl-hjlhibjhdk_gh\ufb� d\Zjpkh^_j`Zsbfb� f_eZ�

ghjblZfb�b�d\Zjp_\ufb�f_eZ]Z[[jh^bhjblZfb��f_eZ�

ghjbl^bhjblZfb�� jbk�� ���� Ih� p\_lghfm� bg^_dkm��

hdjZkd_�ihjh^�\�p_ehf�b�jZaf_jm�a_j_g�hjlhibjhdk_gh�

\hc� k_jbb� khhl\_kl\mxl�neh]hiblh\u_� b� ibjhdk_gh�

\u_� ]hjg[e_g^blu�� jh]h\hh[fZgdh\u_� f_eZ]Z[[jh� b�

d\Zjp_\u_�f_eZ]Z[[jh^bhjblu�k�rbjhdh�jZa\blhc�jh�

]h\hc�h[fZgdhc�dZd�]eZ\gh]h�l_fghp\_lgh]h�fbg_jZeZ�

\f_klh�hjlhibjhdk_gZ�  

Ihjh^u��hlghkbfu_�jZg__�dh \lhjhc�nZa_� ]jmiib�

jmxlky�\�_^bguc�lj_g^�hl�d\Zjp_\uo�^bhjblh\�q_j_a�

lhgZeblu� b ]jZgh^bhjblu� ^h�fhgph]jZgblh\��Ih� kh�

klZ\m�l_fghp\_lguo�fbg_jZeh\�\ky�k_jby�ihjh^�hlgh�

kblky�d�jh]h\hh[fZgdh\h-[bhlblh\uf�beb�[bhlblh\uf�

jZagh\b^ghklyf� 

Ih�kh^_j`Zgbx�K2O [hevrbgkl\h�h[jZaph\�_eZg�

kdh]h�dhfie_dkZ�oZjZdl_jbamxlky�ghjfZevghc�b�\ukh�

dhc�dZeb_\hklvx��kf� \j_adm�gZ jbk� 6). <ukhdZy�fZ]g_�

abZevghklv, gZjy^m� kh� kj_^gbf� b� dbkeuf� obfbafhf, 

iha\hey_l�jZkkfZljb\Zlv�ihjh^u�_eZgkdh]h�dhfie_dkZ�

dZd�mevljZfZ]g_abZevgu_� [20] d\Zjp-ihe_\hriZlh\u_�

ihjh^u (]jZgblhb^u�\�rbjhdhf�kfuke_�keh\Z ± sensu 

lato). 

Mqblu\Zy��qlh�iemlhgu�_eZgkdh]h�dhfie_dkZ�g_kml�

ijhfure_ggh_� kmevnb^gh_� gbd_e_\h_� hjm^_g_gb_��

g_h[oh^bfh� \uy\e_gb_� i_ljh]jZnbq_kdh]h� dhgljhey�

fZ]fZlbq_kdh]h�hjm^_g_gby��>ey�\uiheg_gby� wlhc� aZ�

^Zqb� ij_^eZ]Z_lky� bkihevah\Zlv� ijb� ]_heh]h-kt_fhq�

guo��ihbkdh\uo�b�jZa\_^hqguo�jZ[hlZo�gZ�kmevnb^guc�

gbd_ev�\u^_e_ggu_�\�^Zgghc�jZ[hl_�jZagh\b^ghklb�ih�

jh^��kf��jbk������dhlhju_��h[h[s_ggh� j_Zevgh�^bZ]gh�

klbjh\Zlv�g_�lhevdh�ih�j_amevlZlZf�bkke_^h\Zgbc�ih^�

fbdjhkdhihf��gh�b�\�ihe_\uo�mkeh\byo�ijb�mkeh\bb�^_�

lZevgh]h�fZdjhkdhibq_kdh]h�hibkZgby�d_jgZ�kd\Z`bg� 

 

<u\h^u 

GZ� hkgh\Zgbb� i_ljhobfbq_kdbo� b� i_ljh]jZnbq_�

kdbo�^Zgguo ke_^m_l�� 

1. Ihjh^u�_eZgkdh]h�dhfie_dkZ�hlghkylky�d�kj_^�

gbf�b�dbkeuf�h[jZah\Zgbyf�ba\_kl\h\h-s_ehqghc�k_�

jbb; aZ�bkdexq_gb_f dmfmeZlh\��dhlhju_�ihiZ^Zxl�gZ�

]jZgbqgmx�h[eZklv�f_`^m�kj_^gbfb�b�hkgh\gufb�hl�

jy^Zfb. 

2. Ihjh^u��hlghkbfu_�ij_^r_kl\_ggbdZfb�d i_j�

\hc�nZa_� h[jZamxl�g_ij_ju\guc�jy^�[bhlbl-hjlhib�

jhdk_gh\uo��bgh]^Z�jh]h\hh[fZgdh\hkh^_j`Zsbo f_�

eZ^bhjblh\ ± d\Zjp_\uo�f_eZ^bhjblh\ ± d\Zjp_\uo�

f_eZfhgph^bhjblh\ ± f_eZ]jZgh^bhjblh\� �`bjguf�

rjbnlhf�\u^_e_gu�ij_h[eZ^Zxsb_�jZagh\b^ghklb�. 

3. Ihjh^u��hlghkbfu_�ij_^r_kl\_ggbdZfb�dh \lh�

jhc� nZa_� h[jZamxl� g_ij_ju\guc� jy^� jh]h\hh[fZg�

dh\h-[bhlblh\uo�b�[bhlblh\uo��d\Zjp_\uo�^bhjblh\�± 

lhgZeblh\ ± ]jZgh^bhjblh\ ± fhgph]jZgblh\� �`bj�

guf�rjbnlhf�\u^_e_gu�ij_h[eZ^Zxsb_�jZagh\b^gh�

klb�. 

4. J_dhf_g^m_lky� i_j_kfhlj_lv� nhjfZpbhggmx�

ijbgZ^e_`ghklv�_eZgkdh]h�dhfie_dkZ�\�j_]bhgZevguo�

ko_fZo�dhjj_eypbb�b�e_]_g^Zo�d�]_heh]bq_kdbf�dZjlZf�

jZgg_]h�^hd_f[jby�<DF� k� mq_lhf�^Zgguo��baeh`_g�

guo�\�klZlv_��>ey�^_fhgkljZpbb ^bnn_j_gpbjh\Zggh�

klb�dhfie_dkZ�ij_^eZ]Z_lky�bkihevah\Zlv�ke_^mxs__�

gZbf_gh\Zgb_�f_eZghjbl±d\Zjpf_eZ^bhjbl±]jZgh�

^bhjblh\uc�_eZgkdbc�dhfie_dk� 

Dhgnebdl� bgl_j_kh\� :\lhj� ^_deZjbjm_l� hlkml�

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

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

 

EBL?J:LMJ: 
1. ;hqZjh\�<� E���Njheh\�K� F���Q_jgurh\ G� F. Kljh_gb_�

b�khklZ\�?eZgvkdh]h�gbd_e_ghkgh]h�iemlhgZ�\�djZ_\hc�qZklb�

<hjhg_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z��KlZlvy�I =_heh]by�

b�i_ljh]jZnby // Ba\_klby <mah\��=_heh]by�b�jZa\_^dZ. 1986. 

�����K����±19. 

2. ;hqZjh\�<� E���Njheh\�K� F���Q_jgurh\�G� F��Kljh_gb_�

b�khklZ\�?eZgvkdh]h�gbd_e_ghkgh]h�iemlhgZ�\�djZ_\hc�qZklb�

<hjhg_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z��KlZlvy� II I_ljh�

obfby // Ba\_klby <mah\��=_heh]by�b�jZa\_^dZ. �����������K��

42±48. 

3. ;hqZjh\�<� E���IeZdk_gdh�:� G���Njheh\�K� F���DZkZlh\ :� 

K��H�i_j\bqgh-dhfZlbblh\hf�bklhqgbd_�gbd_e_\uo�kmevnb^�

guo�jm^�\�ghjbl-^bhjblh\uo�bgljmabyo�<hjhg_`kdh]h�djb�

klZeebq_kdh]h�fZkkb\Z����=_hobfby. 1987. ��� K� 430±437. 

4. ;hqZjh\�<� E���IeZdk_gdh�:� G� I_ljheh]bq_kdb_�djbl_�

jbb� \u^_e_gby� ghjbl-^bhjblh\uo� bgljmabc� k� j_]_g_jbjh�

\Zggufb� gbd_e_\ufb� kmevnb^gufb� jm^Zfb� ��� Kh\_lkdZy�

]_heh]by. �����������K����±43. 

5. I_j_keZ\p_\�:� <��I_ljheh]by�ghjbl-^bhjblh\uo�bgljm�

abc� ^hd_f[jby�<hjhg_`kdh]h� djbklZeebq_kdh]h�fZkkb\Z� \�

k\yab�k�ijh[e_fhc�bo�gbd_e_\h]h�ihl_gpbZeZ� ^bk�� ����dZg^��

]_he�-fbg��gZmd��<hjhg_`� <=M, 1993. ± ����k.  

6. I_j_keZ\p_\�:� <���Kexgy_\�:� :��AZdhghf_jghklb�njZd�

pbhgbjh\Zgby�fZeuo�we_f_glh\�\�gbd_e_ghkguo�ghjbl-^bh�

jblh\uo� bgljmabyo� <hjhg_`kdh]h� djbklZeebq_kdh]h� fZk�

kb\Z����=_heh]by�jm^guo�f_klhjh`^_gbc. ����������K���±46.  

7. I_j_keZ\p_\� :� <��� Kexgy_\� :� :�� Ihjh^hh[jZamxsb_�

fbg_jZeu�b�i_ljh]_g_abk�gbd_e_ghkguo�ghjbl-^bhjblh\uo�

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

:G�KKKJ��K_j��]_he�������������K����±98.  

8. L_j_glv_\�J� :���KZ\dh�D� :��<ukhdhfZ]g_abZevgu_�gba�

dhlblZgbklu_� ]Z[[jh±]jZgblgu_� k_jbb� \� iZe_hijhl_jhah_�





5��:��7HUHQWLHY  

68                                                             Proceedings of Voronezh State University. Series: Geology. 2020, No. 2, 58±68 

Conclusions: The conclusion was made about the need to review the composition of the complex (the pro-

posed new name: melanorite ± quartz meladiorite ± granodiorite Elan complex). It has been proposed to 

use the determined varieties in geological exploration to carry out the petrographic control of sulphide 

mineralisation. 

Keywords: Paleoproterozoic Era, sulphide ores, metalliferous rocks, classification of rocks, ultra-magne-

sium granitoids. 
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