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�%�D�V�H�G�� �R�Q�� �W�K�H�� �D�X�W�K�R�U�¶�V�� �X�Q�L�T�X�H�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �V�F�K�H�P�H�� ���'�X�E�U�R�Y�V�N�\���� ���������D������ �W�K�H�� �V�\�V�W�H�P�D�W�L�F�V�� �R�I�� �D�O�O�� �V�R-

�F�D�O�O�H�G���³�D�O�N�D�O�L�´���U�R�F�N�V���K�D�V���E�H�H�Q���P�D�G�H���L�Q���F�R�P�S�D�U�L�V�R�Q���Z�L�W�K���W�K�H�L�U���V�\�V�W�H�P�D�W�L�F�V���D�F�F�R�U�G�L�Q�J���W�R���W�K�H���,�Q�W�H�U�G�H�S�D�U�W�P�H�Q�W�D�O��
Petrographic Committee classification scheme (Magma�W�L�F�K�L�V�N�L�H�«�������������������������������0�R�U�H���W�K�D�Q�������������R�I���³�D�O�N�D�O�L�´��
�U�R�F�N�V���� �D�F�F�R�U�G�L�Q�J�� �W�R���W�K�H�� �D�X�W�K�R�U�¶�V�� �F�O�D�V�V�L�I�L�F�D�W�L�R�Q���V�F�K�H�P�H���� �W�X�U�Q�H�G�� �R�X�W���W�R���E�H�� �Q�R�Q-alkali, and more than a half of 
effusive rocks did not correspond to detection and nomenclature. The accomplished work helped to specify 
the group and the row of the rocks under consideration, as well as to check out and to update the limits and 
�W�K�H���V�F�R�S�H���R�I���W�K�H���J�H�Q�H�U�D���R�Q���W�K�H���D�X�W�K�R�U�¶�V���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���G�L�D�J�U�D�P�V�����7�K�H�V�H���G�D�W�D���L�V���U�H�F�R�P�P�H�Q�G�H�G���W�R���D�S�S�O�\���Z�K�L�O�H��
classifying the series of the magmatic rocks.  

We have developed a set of state diagrams which involves a wide range of systems (from 4- to 8-
component) and shows, in simplified form, phase transitions in regulatory-minal systems of the 10-
component oxide system. 

We present a model of production of carbon-aluminosilicate magmas in mantle and of alteration of 
their composition when moving to the earth surface. It has been showed, that all the variety of the so-called 
�³�D�O�N�D�O�L�´���P�D�J�P�D�V�����L�V���I�R�U�P�H�G���I�U�R�P���W�K�U�H�H���W�\�S�H�V���R�I���S�U�L�P�D�U�\���P�D�J�P�D�V�����F�D�U�E�R�Q-picritoid, carbon-picrobasaltic and 
carbon-basaltic) by losing CO2, liquation and crystallization differentiation. 

Theoretical elaboration has been verified by the natural examples which include a significant number 
of natural exemplars (mainly, from the Kola Peninsula), which vary in size, form and composition.  

The book will be of interest to a wide range of geologists and petrologists. It can also be used as a 
tutorial for the students and postgraduates. Figures �± 186, tables �± 81, references �± 278. 
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�<�<�?�>�?�G�B�? 
 

�>�e�y���j�Z�a�e�b�q�g�u�o�� �h�l�j�Z�k�e�_�c�� �g�Z�m�d�b���� �d�h�l�h�j�u�_�� �b�f�_�x�l�� �^�_�e�h�� �k�� �[�h�e�v�r�b�f�� �q�b�k�e�h�f�� �j�Z�a�g�h�h�[�j�Z�a�g�u�o��
�h�[�t�_�d�l�h�\�� �b�k�k�e�_�^�h�\�Z�g�b�y�����g�_�h�[�o�h�^�b�f�h�k�l�v�� �\�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�o���h�q�_�\�b�^�g�Z�� �b�� �g�_�� �l�j�_�[�m�_�l�� �^�h�d�Z�a�Z�l�_�e�v�k�l�\�Z���� 
�G�Z�� �i�j�h�l�y�`�_�g�b�b�� �\�k�_�c�� �b�k�l�h�j�b�b�� �]�_�h�e�h�]�b�b�� �b�k�k�e�_�^�h�\�Z�l�_�e�b�� �a�Z�g�b�f�Z�e�b�k�v�� �j�Z�a�j�Z�[�h�l�d�Z�f�b�� �j�Z�a�e�b�q�g�u�o��
�d�e�Z�k�k�b�n�b�d�Z�p�b�c���� �h�� �q�_�f�� �[�h�e�_�_���i�h�^�j�h�[�g�h�� �f�h�`�g�h�� �m�a�g�Z�l�v�� �b�a�� �j�Z�[�h�l�� ���A�Z�\�Z�j�b�p�d�b�c���� ������������ �F�Z�]�f�Z�l�b�q�_�k�d�b�_����������
���������������H�k�h�[�u�c���b�g�l�_�j�_�k���i�j�h�y�\�e�y�e�k�y���d���f�Z�]�f�Z�l�b�q�_�k�d�b�f���]�h�j�g�u�f���i�h�j�h�^�Z�f, �b�o���d�e�Z�k�k�b�n�b�d�Z�p�b�_�c���a�Z�g�b�f�Z�e�b�k�v��
�d�h�j�b�n�_�b�� �]�_�h�e�h�]�b�q�_�k�d�h�c�� �g�Z�m�d�b�� �f�b�j�h�\�h�]�h�� �f�Z�k�r�l�Z�[�Z���� �;�h�e�_�_�� �b�e�b�� �f�_�g�_�_�� �h�[�h�k�g�h�\�Z�g�g�u�_�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b��
�w�l�b�o �i�h�j�h�^���i�h�y�\�b�e�b�k�v���\���k�_�j�_�^�b�g�_��XIX  �\.�����d�h�]�^�Z���^�e�y���b�o���b�a�m�q�_�g�b�y���k�l�Z�e���i�j�b�f�_�g�y�l�v�k�y���f�b�d�j�h�k�d�h�i�����B���d�Z�d��
�h�l�f�_�q�Z�_�l�k�y���\���j�Z�[�h�l�_���©�F�Z�]�f�Z�l�b�q�_�k�d�b�_ �]�h�j�g�u�_���i�h�j�h�^�u�ª (1983)�����©�D�e�Z�k�k�b�n�b�d�Z�p�b�b���f�Z�]�f�Z�l�b�q�_�k�d�b�o���i�h�j�h�^��
�k�� �f�h�f�_�g�l�Z�� �b�o�� �i�h�y�\�e�_�g�b�y�� �j�Z�a�\�b�\�Z�e�b�k�v�� �i�h�� �^�\�m�f�� �j�Z�a�e�b�q�g�u�f�� �b�� �k�e�Z�[�h�� �m�\�y�a�Z�g�g�u�f���g�Z�i�j�Z�\�e�_�g�b�y�f �± 
�d�h�e�b�q�_�k�l�\�_�g�g�h-�f�b�g�_�j�Z�e�h�]�b�q�_�k�d�h�f�m�� �b�� �o�b�f�b�q�_�k�d�h�f�m���� �W�l�h�� �i�j�b�\�_�e�h�� �d�� �i�h�y�\�e�_�g�b�x�� �j�Z�a�e�b�q�g�u�o�� �\�Z�j�b�Z�g�l�h�\��
�d�h�e�b�q�_�k�l�\�_�g�g�u�o�� �f�b�g�_�j�Z�e�v�g�u�o�� �b�� �o�b�f�b�q�_�k�d�b�o�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c���� �h�l�e�b�q�Z�x�s�b�o�k�y�� �^�j�m�]�� �h�l�� �^�j�m�]�Z�� �i�h�� �q�b�k�e�m��
�\�u�^�_�e�y�_�f�u�o�� �d�e�Z�k�k�h�\�� �i�h�j�h�^�� �b�� �i�h�� �i�h�e�h�`�_�g�b�x�� �]�j�Z�g�b�p�� �f�_�`�^�m�� �d�e�Z�k�k�Z�f�b�ª�� ��1983, �k�� �������� �?�k�l�_�k�l�\�_�g�g�h����
�b�f�_�e�b�k�v�� �b�� �b�f�_�x�l�k�y�� �k�l�h�j�h�g�g�b�d�b���d�Z�d���f�b�g�_�j�Z�e�v�g�u�o���� �l�Z�d�� �b�� �o�b�f�b�q�_�k�d�b�o �i�j�b�g�p�b�i�h�\�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b. 
�H�q�_�\�b�^�g�h�����q�l�h���[�h�e�_�_���j�Z�p�b�h�g�Z�e�v�g�u�c���i�h�^�o�h�^���d���^�Z�g�g�h�c���i�j�h�[�e�_�f�_�����d�h�l�h�j�u�c, �\�_�j�h�y�l�g�h�����i�j�b�a�g�Z�_�l�k�y���\�k�_�f�b��
�]�_�h�e�h�]�Z�f�b, �± �w�l�h�� �d�h�f�i�e�_�d�k�g�h�_�� �b�k�i�h�e�v�a�h�\�Z�g�b�_ �f�b�g�_�j�Z�e�v�g�h�]�h�� �b�� �o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�h�\�� �i�h�j�h�^���� 
�G�h�� �i�h�i�u�l�d�b�� �j�Z�a�j�Z�[�h�l�Z�l�v�� �l�Z�d�m�x�� �d�h�f�i�e�_�d�k�g�m�x�� �d�e�Z�k�k�b�n�b�d�Z�p�b�x�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �i�h�j�h�^�� �g�_�� �m�\�_�g�q�Z�e�b�k�v��
�m�k�i�_�o�h�f���^�h���g�Z�k�l�h�y�s�_�]�h���\�j�_�f�_�g�b���� 

�D�Z�d�� �h�l�f�_�q�Z�_�l�k�y���^�Z�e�_�_ ���F�Z�]�f�Z�l�b�q�_�k�d�b�_���������� ����������, �^�Z�`�_�� �^�e�y�� �]�j�Z�g�b�l�h�\���� �i�j�b�� �k�h�i�h�k�l�Z�\�e�_�g�b�b��
�d�h�e�b�q�_�k�l�\�_�g�g�h-�f�b�g�_�j�Z�e�v�g�h�c�� �b�� �o�b�f�b�q�_�k�d�h�c�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b���� �g�_�� �m�^�Z�e�h�k�v�� �^�h�k�l�b�q�v�� �k�h�h�l�\�_�l�k�l�\�b�y�� �f�_�`�^�m��
�g�b�f�b�����K�q�b�l�Z�_�l�k�y�����q�l�h���i�j�b�q�b�g�u���w�l�h�]�h���d�j�h�x�l�k�y���\���l�h�f�����q�l�h���i�h�j�h�^�u���k�o�h�^�g�h�]�h���o�b�f�b�q�_�k�d�h�]�h���k�h�k�l�Z�\�Z���q�Z�k�l�h��
�b�f�_�x�l�� �j�Z�a�e�b�q�g�u�c�� �f�b�g�_�j�Z�e�v�g�u�c�� �k�h�k�l�Z�\���� �<�f�_�k�l�_�� �k�� �l�_�f, �i�j�b�a�g�Z�_�l�k�y���� �q�l�h�� �h�[�Z�� �g�Z�i�j�Z�\�e�_�g�b�y��
�d�e�Z�k�k�b�n�b�d�Z�p�b�c���± �d�h�e�b�q�_�k�l�\�_�g�g�h-�f�b�g�_�j�Z�e�v�g�h�_�� �b�� �o�b�f�b�q�_�k�d�h�_���± �g�_�h�[�o�h�^�b�f�u�� �b�� �^�h�e�`�g�u�� �[�u�l�v��
�\�a�Z�b�f�h�m�\�y�a�Z�g�u�� �>�j�m�]�h�c�� �i�j�b�q�b�g�h�c���� �m�k�e�h�`�g�y�x�s�_�c�� �j�Z�a�j�Z�[�h�l�d�m�� �d�h�e�b�q�_�k�l�\�_�g�g�h�c�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b����
�g�Z�a�u�\�Z�_�l�k�y���h�l�k�m�l�k�l�\�b�_���_�k�l�_�k�l�\�_�g�g�u�o���]�j�Z�g�b�p���f�_�`�^�m���j�Z�a�e�b�q�g�u�f�b���i�h�j�h�^�Z�f�b�����A�Z�\�Z�j�b�p�d�b�c�������������������L�_�f���g�_��
�f�_�g�_�_���� �m�`�_�� �\�_�d�� �g�Z�a�Z�^�� �[�u�e�b�� �b�a�\�_�k�l�g�u�� �]�j�m�i�i�u�� �i�h�j�h�^���� �q�_�l�d�h�� �j�Z�a�e�b�q�Z�x�s�b�_�k�y�� �f�_�`�^�m�� �k�h�[�h�c���� �d�b�k�e�u�_�� �b��
�k�j�_�^�g�b�_���± �]�j�Z�g�b�l�h�b�^�u���� �^�b�h�j�b�l�h�b�^�u���� �h�k�g�h�\�g�u�_���± �]�Z�[�[�j�h�b�^�u���� �m�e�v�l�j�Z�h�k�g�h�\�g�u�_���± �j�Z�a�e�b�q�g�u�_��
�i�_�j�b�^�h�l�b�l�u���� �s�_�e�h�q�g�u�_���� �b�a�\�_�k�l�d�h�\�h-�s�_�e�h�q�g�u�_�� �b�� �l���� �^���� �I�h�w�l�h�f�m�� �g�_�h�[�o�h�^�b�f�h �m�k�l�Z�g�h�\�b�l�v, �g�Z�� �d�Z�d�h�f��
�m�j�h�\�g�_�� �j�Z�a�e�b�q�b�y-�k�o�h�^�k�l�\�Z�� �i�j�h�b�k�o�h�^�b�l�� �i�h�k�l�_�i�_�g�g�u�c�� �i�_�j�_�o�h�^�� �f�_�`�^�m�� �i�h�j�h�^�Z�f�b���� �Z�� �g�Z�� �d�Z�d�h�f���± 
�k�m�s�_�k�l�\�m�x�l���q�_�l�d�b�_���_�k�l�_�k�l�\�_�g�g�u�_���]�j�Z�g�b�p�u�����B���a�Z�^�Z�q�Z���g�Z�m�d�b���± �h�[�t�y�k�g�b�l�v���w�l�h���y�\�e�_�g�b�_�����<�i�h�e�g�_���i�h�g�y�l�g�h��
�k�m�s�_�k�l�\�h�\�Z�g�b�_�� ���g�Z�e�b�q�b�_���� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �]�h�j�g�u�o�� �i�h�j�h�^�� 
�g�Z�� �h�k�g�h�\�_���f�b�g�_�j�Z�e�v�g�h�]�h���k�h�k�l�Z�\�Z�����k�l�j�m�d�l�m�j�u���b���l�_�d�k�l�m�j�u���b���k�l�h�j�h�g�g�b�d�h�\���l�Z�d�b�o�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c�����i�h�k�d�h�e�v�d�m�� 
�\�� �w�l�h�f�� �k�e�m�q�Z�_ �b�k�i�h�e�v�a�m�x�l�k�y�� �©�e�_�`�Z�s�b�_�� �g�Z�� �i�h�\�_�j�o�g�h�k�l�b�ª�� �k�\�h�c�k�l�\�Z���� �L�_�f�� �[�h�e�_�_���� �q�l�h�� �\�� �g�Z�k�l�h�y�s�_�_�� �\�j�_�f�y��
�b�f�_�_�l�k�y�� �\�h�a�f�h�`�g�h�k�l�v�� �w�d�k�i�j�_�k�k�g�h�� �b�� �^�h�\�h�e�v�g�h�� �l�h�q�g�h�� �h�i�j�_�^�_�e�y�l�v�� �o�b�f�b�q�_�k�d�b�c�� �k�h�k�l�Z�\�� �f�b�g�_�j�Z�e�h�\��
�f�b�d�j�h�a�h�g�^�h�\�u�f���Z�g�Z�e�b�a�h�f���� 

�B�a�� �h�[�a�h�j�Z�� �b�k�l�h�j�b�b�� �k�h�a�^�Z�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�u�o�� �k�o�_�f�� ���A�Z�\�Z�j�b�p�d�b�c���� ������������ �F�Z�]�f�Z�l�b�q�_�k�d�b�_����������
������������ �k�d�e�Z�^�u�\�Z�_�l�k�y�� �\�i�_�q�Z�l�e�_�g�b�_���� �q�l�h�� �i�_�j�_�[�j�Z�g�u�� �\�k�_�� �\�Z�j�b�Z�g�l�u�� �k�h�q�_�l�Z�g�b�y�� �f�b�g�_�j�Z�e�v�g�h�]�h�� �b��
�o�b�f�b�q�_�k�d�h�]�h �k�h�k�l�Z�\�h�\���� �\�u�j�Z�`�_�g�g�u�o �\�� �h�d�k�b�^�Z�o���� �Z�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y���� �d�h�l�h�j�Z�y�� �[�u�� �h�l�\�_�q�Z�e�Z�� �\�k�_�f��
�l�j�_�[�h�\�Z�g�b�y�f���� �i�j�_�^�t�y�\�e�y�_�f�u�f�� �d�� �l�Z�d�b�f�� �d�Z�l�_�]�h�j�b�y�f�� �j�Z�a�j�Z�[�h�l�h�d���� �l�Z�d�� �b�� �g�_�� �k�h�a�^�Z�g�Z���� �<�h�a�g�b�d�Z�_�l��
�_�k�l�_�k�l�\�_�g�g�u�c���\�h�i�j�h�k�����\�h�a�f�h�`�g�h���e�b���k�h�a�^�Z�g�b�_���l�Z�d�h�c���k�o�_�f�u�����Z���_�k�e�b���g�_�l�����l�h���i�h�q�_�f�m�"���I�h���f�g�_�g�b�x���Z�\�l�h�j�Z��
�g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u���� �k�h�a�^�Z�g�b�_�� �i�j�b�_�f�e�_�f�u�o�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c�� �]�h�j�g�u�o�� �i�h�j�h�^�� �k�� �b�k�i�h�e�v�a�h�\�Z�g�b�_�f�� �b�o��
�o�b�f�b�q�_�k�d�h�]�h�� �k�h�k�l�Z�\�Z�� �\�� �h�d�k�b�^�g�h�f�� �\�u�j�Z�`�_�g�b�b�� �g�_�� �i�j�_�^�k�l�Z�\�e�y�_�l�k�y�� �\�h�a�f�h�`�g�u�f���� �i�h�k�d�h�e�v�d�m�� 
�i�h�� �k�h�^�_�j�`�Z�g�b�x�� �h�d�k�b�^�h�\�� �g�_�\�h�a�f�h�`�g�h�� �h�^�g�h�a�g�Z�q�g�h�� �i�j�h�\�_�k�l�b�� �]�j�Z�g�b�p�u�� �f�_�`�^�m�� �j�Z�a�e�b�q�g�u�f�b�� �]�j�m�i�i�Z�f�b��
�i�h�j�h�^���� �I�h�i�u�l�d�Z�� �k�h�a�^�Z�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �]�h�j�g�u�o�� �i�h�j�h�^�� �g�Z�� �h�k�g�h�\�_�� �©�g�h�j�f�Z�l�b�\�g�u�o�� �f�b�g�_�j�Z�e�h�\�ª�� �&�,�3�:��
�l�Z�d�`�_���g�_���m�\�_�g�q�Z�e�Z�k�v���m�k�i�_�o�h�f���� 

�D�� �g�Z�k�l�h�y�s�_�f�m�� �\�j�_�f�_�g�b�� �j�Z�a�j�Z�[�h�l�Z�g�u�� �h�k�g�h�\�g�u�_�� �i�j�b�g�p�b�i�u�� �i�h�k�l�j�h�_�g�b�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�u�o��
�k�o�_�f�����F�Z�]�f�Z�l�b�q�_�k�d�b�_�����������������������k�� 20): 

�Z�����d�Z�`�^�Z�y���d�e�Z�k�k�b�n�b�d�Z�p�b�y���^�h�e�`�g�Z���[�u�l�v���p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�h�c�� 
�[�����d�j�b�l�_�j�b�b�� �j�Z�a�^�_�e�_�g�b�y�� �^�h�e�`�g�u�� �h�[�e�Z�^�Z�l�v�� �h�[�t�_�d�l�b�\�g�h�k�l�v�x���� �e�_�]�d�h�� �g�Z�[�e�x�^�Z�l�v�k�y�� �b�� �i�j�b�e�Z�]�Z�l�v�k�y��

�d�h���\�k�_�f���h�[�t�_�d�l�Z�f���d�e�Z�k�k�b�n�b�d�Z�p�b�b�� 
�\���� �\�k�_�� �_�^�b�g�b�p�u�� �i�h�^�j�Z�a�^�_�e�y�_�f�h�]�h�� �k�h�h�[�s�_�k�l�\�Z�� �^�h�e�`�g�u�� �g�Z�c�l�b�� �\�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �k�\�h�_�� �k�l�j�h�]�h��

�h�i�j�_�^�_�e�_�g�g�h�_���b���_�^�b�g�k�l�\�_�g�g�h�_���f�_�k�l�h�� 
�]�����d�Z�`�^�h�_�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�_�� �j�Z�k�q�e�_�g�_�g�b�_�� �d�e�Z�k�k�b�n�b�p�b�j�m�_�f�h�]�h�� �f�g�h�`�_�k�l�\�Z�� �^�h�e�`�g�h���d�Z�`�^�u�c�� �j�Z�a��

�h�k�m�s�_�k�l�\�e�y�l�v�k�y���i�h���_�^�b�g�h�f�m���i�j�b�a�g�Z�d�m�� 
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�L�_�f�� �g�_�� �f�_�g�_�_���� �^�h�� �g�Z�k�l�h�y�s�_�]�h�� �\�j�_�f�_�g�b�� �g�_�l�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �i�h�j�h�^���� �d�h�l�h�j�Z�y��
�h�l�\�_�q�Z�e�Z���[�u���\�u�r�_�i�j�b�\�_�^�_�g�g�u�f �l�j�_�[�h�\�Z�g�b�y�f�� 

�:�\�l�h�j�� �^�Z�g�g�h�c�� �j�Z�[�h�l�u�� �i�j�h�[�e�_�f�Z�f�b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �]�h�j�g�u�o�� �i�h�j�h�^�� �g�Z�q�Z�e�� �a�Z�g�b�f�Z�l�v�k�y�� �k�� ���������� �]������
�i�h�k�d�h�e�v�d�m�� �^�e�y�� �p�_�e�_�c�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�h�]�h�� �f�h�^�_�e�b�j�h�\�Z�g�b�y�� �i�j�h�p�_�k�k�h�\�� �h�[�j�Z�a�h�\�Z�g�b�y�� �]�h�j�g�u�o�� �i�h�j�h�^���± 
�]�e�Z�\�g�h�]�h�� �g�Z�m�q�g�h�]�h�� �b�g�l�_�j�_�k�Z�� �Z�\�l�h�j�Z���± �l�Z�d�`�_�� �g�_�h�[�o�h�^�b�f�Z�� �b�o�� �k�l�j�h�]�Z�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y���� �l�Z�d�� �d�Z�d�� �i�j�_�`�^�_��
�q�_�f�� �f�h�^�_�e�b�j�h�\�Z�l�v���� �g�m�`�g�h�� �a�g�Z�l�v���� �q�l�h�� �b�� �d�Z�d�� �f�h�^�_�e�b�j�h�\�Z�l�v���� �I�h�w�l�h�f�m�� �d�� �j�_�r�_�g�b�x�� �j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c��
�i�j�h�[�e�_�f�u�� �Z�\�l�h�j�� �i�h�^�h�r�_�e�� �k�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�o�� �i�h�a�b�p�b�c���� �i�h�a�\�h�e�y�x�s�b�o�� �i�h�g�y�l�v�� �]�_�g�_�l�b�q�_�k�d�m�x��
�k�m�s�g�h�k�l�v�� �k�\�y�a�b�� �o�b�f�b�q�_�k�d�h�]�h�� ���d�h�f�i�h�g�_�g�l�g�h�]�h���� �k�h�k�l�Z�\�Z�� �f�Z�]�f�u�� �b�� �f�b�g�_�j�Z�e�v�g�h�]�h�� ���n�Z�a�h�\�h�]�h���� �k�h�k�l�Z�\�Z��
�i�h�j�h�^�u���� �d�h�l�h�j�Z�y�� �h�[�j�Z�a�h�\�Z�e�Z�k�v�� �b�a�� �w�l�h�c�� �f�Z�]�f�u�� ���>�m�[�j�h�\�k�d�b�c�� ���������Z������ �>�e�y�� �w�l�h�]�h�� �g�_�h�[�o�h�^�b�f�u�� �[�u�e�b��
�n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�_�� �f�h�^�_�e�b���± �^�b�Z�]�j�Z�f�f�u�� �k�h�k�l�h�y�g�b�y�� �f�g�h�]�h�d�h�f�i�h�g�_�g�l�g�u�o�� �k�b�k�l�_�f���� �d�h�l�h�j�u�_�� �i�j�b�r�e�h�k�v��
�j�Z�a�j�Z�[�Z�l�u�\�Z�l�v�� �b�� �b�k�i�h�e�v�a�h�\�Z�l�v�� �\�� �j�_�r�_�g�b�b�� �i�j�h�[�e�_�f�� �f�Z�]�f�h�]�_�g�_�j�Z�p�b�b���� �Z�g�Z�e�b�a�Z�� �n�Z�a�h�\�u�o�� �i�j�_�\�j�Z�s�_�g�b�c����
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�����^�b�Z�]�g�h�k�l�b�d�b���i�h�j�h�^���b���b�o���k�b�k�l�_�f�Z�l�b�d�b�����W�n�n�_�d�l�b�\�g�h�k�l�v���d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�u�o���b���n�b�a�b�d�h-
�o�b�f�b�q�_�k�d�b�o���j�Z�a�j�Z�[�h�l�h�d���i�h�d�Z�a�Z�g�Z���g�Z���i�j�b�j�h�^�g�u�o���i�j�b�f�_�j�Z�o�����]�e�Z�\�g�u�f���h�[�j�Z�a�h�f���k���D�h�e�v�k�d�h�]�h���i-�h�\�Z���� 

�<�� �^�Z�g�g�h�c�� �j�Z�[�h�l�_�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� ����-�e�_�l�g�b�o�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �i�h�� �g�Z�m�q�g�u�f�� �l�_�f�Z�f�� 
�\�� �e�Z�[�h�j�Z�l�h�j�b�b�� �f�Z�]�f�Z�l�b�a�f�Z�� �=�_�h�e�h�]�b�q�_�k�d�h�]�h�� �b�g�k�l�b�l�m�l�Z�� �D�G�P�� �J�:�G�� �i�j�b�� �i�h�k�l�h�y�g�g�h�c�� �i�h�^�^�_�j�`�d�_��
�^�b�j�_�d�l�h�j�h�\�� �b�g�k�l�b�l�m�l�Z���± �^�� �]��-�f�� �g���� �B�� �<�� �;�_�e�v�d�h�\�Z���� �Z�d�Z�^�_�f�b�d�Z�� �N�� �I���� �F�b�l�j�h�n�Z�g�h�\�Z�� �b�� �i�j�h�n�_�k�k�h�j�Z�� 
�X���� �E���� �<�h�c�l�_�o�h�\�k�d�h�]�h�����G�_�h�p�_�g�b�f�h�_�� �a�g�Z�q�_�g�b�_�� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �Z�\�l�h�j�k�d�h�c�� �d�h�g�p�_�i�p�b�b�� �d�h�f�i�e�_�d�k�g�h�c��
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �]�h�j�g�u�o�� �i�h�j�h�^�� �b�f�_�e�b�� �d�h�g�k�l�j�m�d�l�b�\�g�u�_�� �b�� �i�e�h�^�h�l�\�h�j�g�u�_�� �^�b�k�d�m�k�k�b�b�� 
�k�� �Z�\�l�h�j�b�l�_�l�g�u�f�b�� �w�d�k�i�_�j�l�Z�f�b�� �]�h�e�h�\�g�u�o�� �b�g�k�l�b�l�m�l�h�\�� �J�:�G���� �F�=�M�� �b�� �K�I�[�=�M���± �<���� �K���� �I�h�i�h�\�u�f���� 
�=���� �;���� �N�_�j�r�l�Z�l�_�j�h�f���� �G���� �N���� �R�b�g�d�Z�j�_�\�u�f���� �<���� �<���� �>�h�e�b�\�h-�>�h�[�j�h�\�h�e�v�k�d�b�f���� �K���� �<���� �?�n�j�_�f�h�\�h�c���� 
�:���� �:���� �F�Z�j�Z�d�m�r�_�\�u�f���� �E���� �E���� �I�_�j�q�m�d�h�f�� �b�� �E���� �G���� �R�Z�j�i�_�g�h�d���� �;�h�e�v�r�m�x�� �i�h�e�v�a�m�� �\�� �j�_�r�_�g�b�b�� �k�i�h�j�g�u�o��
�\�h�i�j�h�k�h�\���i�j�b�g�h�k�b�e�b���b�o���^�j�m�`�_�k�l�\�_�g�g�u�_���h�[�k�m�`�^�_�g�b�y���k���d�h�e�e�_�]�Z�f�b���k�\�h�_�]�h���b�g�k�l�b�l�m�l�Z���± �B�����>���� �;�Z�l�b�_�\�h�c����
�:���� �G���� �<�b�g�h�]�j�Z�^�h�\�u�f���� �<���� �J���� �<�_�l�j�b�g�u�f���� �<���� �Y���� �?�\�a�_�j�h�\�u�f���� �J���� �F���� �E�Z�l�u�i�h�\�u�f���� �F���� �I���� �I�_�l�j�h�\�k�d�b�f���� 
�<�����B�����K�d�b�[�h�c�����G�����?�����D�h�a�e�h�\�u�f�����G�����H�����K�h�j�h�o�l�b�g�u�f���b���?�����<�����F�Z�j�l�u�g�h�\�u�f������ 

�G�_�h�p�_�g�b�f�m�x�� �i�h�f�h�s�v�� �\�� �d�h�f�i�v�x�l�_�j�g�h�f�� �h�n�h�j�f�e�_�g�b�b�� �l�Z�[�e�b�q�g�h�]�h�� �b�� �]�j�Z�n�b�q�_�k�d�h�]�h�� �f�Z�l�_�j�b�Z�e�Z��
�h�d�Z�a�Z�e�b���G�����:�����F�Z�g�k�m�j�h�\�Z�����E�� �>�����Q�b�k�l�y�d�h�\�Z�����L�� �K�����F�Z�j�q�m�d���b���<�� �<�����I�m�o�Z�������� 

�:�\�l�h�j���]�e�m�[�h�d�h���i�j�b�a�g�Z�l�_�e�_�g���b���[�e�Z�]�h�^�Z�j�_�g���\�k�_�f���a�Z���h�d�Z�a�Z�g�g�m�x���i�h�f�h�s�v���b���k�h�^�_�c�k�l�\�b�_���\���j�Z�[�h�l�_�� 
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�K�H�D�J�:�S�?�G�B�Y���G�:�A�<�:�G�B�C���F�B�G�?�J�:�E�H�< 
 
 

Aug �Z�\�]�b�l Hl  �]�Z�e�b�l Qz �d�\�Z�j�p 
Adl  �Z�^�m�e�y�j Hst �]�Z�k�l�b�g�]�k�b�l Krs  �d�_�j�k�m�l�b�l 
Ak �Z�d�_�j�f�Z�g�b�l Hd �]�_�^�_�g�[�_�j�]�b�l Ky �d�b�Z�g�b�l 
Act �Z�d�l�b�g�h�e�b�l Hem 

(Hm) 
�]�_�f�Z�l�b�l Cam �d�e�b�g�h�Z�f�n�b�[�h�e 

Ab �Z�e�v�[�b�l Hc �]�_�j�p�b�g�b�l Cpx �d�e�b�g�h�i�b�j�h�d�k�_�g 
Alm �Z�e�v�f�Z�g�^�b�g Gr  

(Grt )  
�]�j�Z�g�Z�l Cfs �d�e�b�g�h�n�_�j�j�h�k�b�e�b�l 

Als �Z�e�x�f�h�k�b�e�b�d�Z�l Grf  �]�j�Z�n�b�l Cen �d�e�b�g�h�w�g�k�l�Z�l�b�l 
Amp 
(Am) 

�Z�f�n�b�[�h�e Grs �]�j�h�k�k�m�e�y�j Crd  �d�h�j�^�b�_�j�b�l 

Anl  �Z�g�Z�e�v�p�b�f Di �^�b�h�i�k�b�^ Crn  �d�h�j�m�g�^ 
And �Z�g�^�Z�e�m�a�b�l Dol �^�h�e�h�f�b�l Coe �d�h�w�k�b�l 
Adr  �Z�g�^�j�Z�^�b�l Jd �`�Z�^�_�b�l Kfs �d�Z�e�b�_�\�u�c�� 

�i�h�e�_�\�h�c���r�i�Z�l 
Ann �Z�g�g�b�l Ilm  �b�e�v�f�_�g�b�l Crs �d�j�b�k�l�h�[�Z�e�b�l 
An �Z�g�h�j�l�b�l Eas �b�k�l�h�g�b�l Cum �d�m�f�f�b�g�]�l�h�g�b�l 
Ano �Z�g�h�j�l�h�d�e�Z�a Kls �d�Z�e�v�k�b�e�b�l Lrn  

(Ln) 
�e�Z�j�g�b�l 

Atg �Z�g�l�b�]�h�j�b�l Cal 
(Cc) 

�d�Z�e�v�p�b�l Lct  
(Lc) 

�e�_�c�p�b�l 

Ap �Z�i�Z�l�b�l Ccn �d�Z�g�d�j�b�g�b�l Marf  �f�Z�]�g�_�a�b�h�Z�j�n�\�_�^�k�h�g�b�l 
Arf  �Z�j�n�\�_�^�k�h�g�b�l Cb �d�Z�j�[�h�g�Z�l�g�u�c��

�f�b�g�_�j�Z�e 
Mhs �f�Z�]�g�_�a�b�h�]�Z�k�l�b�g�]�k�b�l 

Bdy 
(Bd) 

�[�Z�^�^�_�e�_�b�l Ktp  �d�Z�l�h�n�h�j�b�l Mhb �f�Z�]�g�_�a�b�h�]�h�j�g�[�e�_�g�^�b�l 

Bt �[�b�h�l�b�l Hbl  �j�h�]�h�\�Z�y���h�[�f�Z�g�d�Z Mkt  �f�Z�]�g�_�a�b�h�d�Z�l�Z�n�h�j�b�l 
Wo �\�h�e�e�Z�k�l�h�g�b�l Rt (Ru) �j�m�l�b�e Mrbk  �f�Z�]�g�_�a�b�h�j�b�[�_�d�b�l 
Mel 
(Mll ) 

�f�_�e�b�e�b�l Sa �k�Z�g�b�^�b�g Mkt  
(Mkat ) 

�f�Z�]�g�_�a�b�h�d�Z�l�Z�n�h�j�b�l 

Mw 
(Mer) 

�f�_�j�\�b�g�b�l Srp �k�_�j�i�_�g�l�b�g Mtm 
(Mtar ) 

�f�Z�]�g�_�a�b�h�l�Z�j�Z�f�b�l 

Mc 
(Mi ) 

�f�b�d�j�h�d�e�b�g Sd �k�b�^�_�j�b�l Mgs �f�Z�]�g�_�a�b�l 

Mtc 
(Mo) 

�f�h�g�l�b�q�_�e�e�b�l Sil �k�b�e�e�b�f�Z�g�b�l Mag 
(Mt ) 

�f�Z�]�g�_�l�b�l 

Ms �f�m�k�d�h�\�b�l Sod 
(Sdl) 

�k�h�^�Z�e�b�l Fprg �n�_�j�j�h�i�Z�j�]�Z�k�b�l 

Ntr  �g�Z�l�j�h�e�b�l Sps �k�i�_�k�k�Z�j�l�b�g Frct  �n�_�j�j�h�j�b�o�l�_�j�b�l 
Nsn �g�h�a�_�Z�g Trm  

(Tar) 
�l�Z�j�Z�f�b�l Fs �n�_�j�j�h�k�b�e�b�l 

Ol �h�e�b�\�b�g Ttn 
(Tn) 
 

�l�b�l�Z�g�b�l Fts �n�_�j�j�h�q�_�j�f�Z�d�b�l 
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Or �h�j�l�h�d�e�Z�a Tpz 
(Top) 

�l�h�i�Z�a Fed �n�_�j�j�h�w�^�_�g�b�l 

Opx �h�j�l�h�i�b�j�h�d�k�_�g Tr  �l�j�_�f�h�e�b�l Fec 
(Feec) 

�n�_�j�j�h�w�d�_�j�f�Z�g�g�b�l 

Prg �i�Z�j�]�Z�k�b�l Trd  �l�j�b�^�b�f�b�l Phl �n�e�h�]�h�i�b�l 
Per �i�_�j�b�d�e�Z�a Fa �n�Z�y�e�b�l Fl �n�e�x�h�j�b�l 
Prv 
(Pf) 

�i�_�j�h�\�k�d�b�l Usp �m�e�v�\�h�r�i�b�g�_�e�v Fo �n�h�j�k�l�_�j�b�l 

Pgt �i�b�`�h�g�b�l Fac 
(Feac) 

�n�_�j�j�h�Z�d�l�b�g�h�e�b�l Chl �o�e�h�j�b�l 

Prp �i�b�j�h�i Fath 
(Feath) 

�n�_�j�j�h�Z�g�l�h�n�b�e�e�b�l Zeo �p�_�h�e�b�l 

Pl �i�e�Z�]�b�h�d�e�Z�a Fbrs 
(Febrs) 

�n�_�j�j�h�[�Z�j�j�m�Z�a�b�l Zrn  
(Zr ) 

�p�b�j�d�h�g 

Fsp �i�h�e�_�\�h�c���r�i�Z�l Fwn 
(Fewn) 

�n�_�j�j�h�\�b�g�q�b�l Ts �q�_�j�f�Z�d�b�l 

Rnk 
(Ran) 

�j�Z�g�d�b�g�b�l Fgl 
(Fegl) 

�n�_�j�j�h�]�e�Z�m�d�h�n�Z�g Spl �r�i�b�g�_�e�v 

Rbk �j�b�[�_�d�b�l Fkrs 
(Fekrs) 

�n�_�j�j�h�d�_�j�k�m�l�b�l Afs �s�_�e�h�q�g�h�c�� 
�i�h�e�_�\�h�c �r�i�Z�l 

Rct 
(Rich) 

�j�b�o�l�_�j�b�l Eck �w�d�_�j�f�Z�g�g�b�l Eud �w�\�^�b�Z�e�b�l 

Ed �w�^�_�g�b�l En �w�g�k�l�Z�l�b�l Aeg �w�]�b�j�b�g 
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�=�e�Z�\�Z��I . �H�K�G�H�<�G�U�?���I�J�B�G�P�B�I�U���D�E�:�K�K�B�N�B�D�:�P�B�H�G�G�H�C���K�O�?�F�U 
 
�I�j�_�^�f�_�l�h�f�� �j�Z�k�k�f�h�l�j�_�g�b�y���g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u�� �y�\�e�y�x�l�k�y�� �l�Z�d�� �g�Z�a�u�\�Z�_�f�u�_�� �s�_�e�h�q�g�u�_�� �i�h�j�h�^�u��

���g�_�^�h�k�u�s�_�g�g�u�_�� �d�j�_�f�g�_- �b�� �]�e�b�g�h�a�_�f�h�f������ �i�h�k�d�h�e�v�d�m�� �h�^�g�h�c�� �b�a�� �g�Z�b�[�h�e�_�_�� �a�Z�i�m�l�Z�g�g�u�o�� �i�j�h�[�e�_�f�� 
�\�� �i�_�l�j�h�]�j�Z�n�b�b�� �b�� �k�b�k�l�_�f�Z�l�b�d�_�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �]�h�j�g�u�o�� �i�h�j�h�^�� �k�q�b�l�Z�_�l�k�y�� �\�u�^�_�e�_�g�b�_�� �b�a�� �b�o�� �h�[�s�_�c��
�k�h�\�h�d�m�i�g�h�k�l�b�� �^�_�c�k�l�\�b�l�_�e�v�g�h���s�_�e�h�q�g�u�o�� �i�h�j�h�^���� �I�h�j�h�^�Z�f, �i�_�j�_�k�u�s�_�g�g�u�f�� ���d�\�Z�j�p�g�h�j�f�Z�l�b�\�g�u�f���� �b��
�g�Z�k�u�s�_�g�g�u�f�� ���h�e�b�\�b�g�g�h�j�f�Z�l�b�\�g�u�f���� �d�j�_�f�g�_�a�_�f�h�f, �i�h�k�\�y�s�_�g�u�� �q�_�l�u�j�_ �f�h�g�h�]�j�Z�n�b�b�� �Z�\�l�h�j�Z��
���>�m�[�j�h�\�k�d�b�c�������������������������������������������������������l�_�f���g�_���f�_�g�_�_�����g�Z���^�b�Z�]�j�Z�f�f�Z�o���k�h�k�l�h�y�g�b�y�����i�j�b�\�h�^�b�f�u�o���\���^�Z�g�g�h�c��
�j�Z�[�h�l�_���� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �n�Z�a�h�\�u�_�� �i�j�_�\�j�Z�s�_�g�b�y�� �b�� �w�l�b�o�� �i�h�j�h�^���� �g�h�� �[�_�a�� �^�_�l�Z�e�v�g�h�c�� �b�g�l�_�j�i�j�_�l�Z�p�b�b����
�d�h�l�h�j�Z�y���i�j�_�^�k�l�Z�\�e�_�g�Z���\���m�d�Z�a�Z�g�g�u�o���f�h�g�h�]�j�Z�n�b�y�o�� 

�I�h���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�b���©�s�_�e�h�q�g�u�_�ª���i�h�j�h�^�u���k�h�k�l�Z�\�e�y�x�l���e�b�r�v���g�_�a�g�Z�q�b�l�_�e�v�g�m�x���q�Z�k�l�v���h�l���\�k�_�o��
�h�k�l�Z�e�v�g�u�o�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �i�h�j�h�^���� �\�� �l�h�� �\�j�_�f�y�� �d�Z�d�� �\�� �g�h�f�_�g�d�e�Z�l�m�j�_�� �g�Z�� �b�o�� �^�h�e�x�� �i�j�b�o�h�^�b�l�k�y�� �[�h�e�v�r�_��
�i�h�e�h�\�b�g�u�� �g�Z�a�\�Z�g�b�c�� �i�h�j�h�^�����K �^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �d�Z�d�� �h�l�f�_�q�Z�_�l�k�y�� �\�� �i�j�_�^�b�k�e�h�\�b�b�� �d�� �f�h�g�h�]�j�Z�n�b�b��
�©�S�_�e�h�q�g�u�_�� �i�h�j�h�^�u�ª ���������������� �i�j�h�[�e�_�f�Z�� �i�_�l�j�h�]�_�g�_�a�b�k�Z�� �w�l�b�o�� �i�h�j�h�^�� �y�\�e�y�_�l�k�y�� �h�^�g�h�c�� �b�a�� �l�j�m�^�g�_�c�r�b�o�� 
�\�� �k�h�\�j�_�f�_�g�g�h�c�� �i�_�l�j�h�e�h�]�b�b���� �q�l�h�� �h�k�l�Z�_�l�k�y�� �b�� �^�h�� �g�Z�k�l�h�y�s�_�]�h�� �\�j�_�f�_�g�b���� �B�g�l�_�j�_�k�� �d�� �w�l�b�f�� �i�h�j�h�^�Z�f��
�i�j�h�y�\�e�y�_�l�k�y�� �g�_�� �l�h�e�v�d�h�� �k�� �g�Z�m�q�g�h�c�� �l�h�q�d�b�� �a�j�_�g�b�y���� �g�h�� �b���k���i�j�Z�d�l�b�q�_�k�d�h�c���� �i�h�k�d�h�e�v�d�m�� �h�g�b�� �i�j�h�^�m�p�b�j�m�x�l��
�m�g�b�d�Z�e�v�g�u�_�� �f�_�k�l�h�j�h�`�^�_�g�b�y�� �i�h�e�_�a�g�u�o�� �b�k�d�h�i�Z�_�f�u�o�� ���n�h�k�n�h�j�Z���� �Z�e�x�f�b�g�b�y�� �b�� �j�y�^�Z�� �j�_�^�d�b�o�� �w�e�_�f�_�g�l�h�\������ 
�<�� �d�h�g�p�_�� �i�j�h�r�e�h�]�h�� �k�l�h�e�_�l�b�y���� �i�j�b�[�e�b�a�b�l�_�e�v�g�h�� �q�_�j�_�a�� �^�_�k�y�l�b�e�_�l�g�b�c�� �b�g�l�_�j�\�Z�e�� �\�j�_�f�_�g�b���� �i�j�h�\�h�^�b�e�b�k�v��
�k�b�f�i�h�a�b�m�f�u�� �b�� �k�_�f�b�g�Z�j�u���� �i�h�k�\�y�s�_�g�g�u�_�� �s�_�e�h�q�g�u�f�� �i�h�j�h�^�Z�f�� �b�� �d�Z�j�[�h�g�Z�l�b�l�Z�f���� �I�m�[�e�b�d�h�\�Z�e�b�k�v��
�f�Z�l�_�j�b�Z�e�u���� �\�� �d�h�l�h�j�u�o�� �i�h�^�\�h�^�b�e�b�k�v�� �b�l�h�]�b�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �w�l�b�o�� �w�d�a�h�l�b�q�_�k�d�b�o�� �h�[�j�Z�a�h�\�Z�g�b�c���� 
�a�Z�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�_�� �i�_�j�b�h�^�u�� �\�j�_�f�_�g�b�� ���7�K�H�� �D�O�N�D�O�L�Q�H�� �U�R�F�N�V���� ������������Alkaline�«�� 1987; J. Petrol., 1998).  
�M�`�_�� �g�_�k�d�h�e�v�d�h�� �^�_�k�y�l�b�e�_�l�b�c�� �_�`�_�]�h�^�g�h�� �i�j�h�\�h�^�b�l�k�y�� �f�_�`�^�m�g�Z�j�h�^�g�Z�y�� �d�h�g�n�_�j�_�g�p�b�y, �i�h�k�\�y�s�_�g�g�Z�y��
�i�j�h�[�e�_�f�Z�f�� �s�_�e�h�q�g�u�o�� �i�h�j�h�^���� �d�h�l�h�j�m�x�� �h�j�]�Z�g�b�a�m�_�l���B�g�k�l�b�l�m�l���]�_�h�o�b�f�b�b�� �b�� �Z�g�Z�e�b�l�b�q�_�k�d�h�c�� �o�b�f�b�b�� 
�b�f���� �<���� �B���� �<�_�j�g�Z�^�k�d�h�]�h��(�h�l�\�_�l�k�l�\�_�g�g�u�c�� �B���� �G���� �D�h�]�Z�j�d�h)���� �<�� �r�_�k�l�b�l�h�f�g�b�d�_���©�F�Z�]�f�Z�l�b�q�_�k�d�b�_�� �]�h�j�g�u�_��
�i�h�j�h�^�u�ª (1983�±�������������p�_�e�u�c���l�h�f���i�h�k�\�y�s�_�g���s�_�e�h�q�g�u�f���i�h�j�h�^�Z�f���� 

�G�_�k�f�h�l�j�y�� �g�Z�� �^�_�l�Z�e�v�g�u�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �]�_�h�e�h�]�b�b���� �i�_�l�j�h�]�j�Z�n�b�b���� �f�b�g�_�j�Z�e�h�]�b�b���� �]�_�h�o�b�f�b�b����
�b�a�h�l�h�i�b�b�� �b�� �i�j�h�\�_�^�_�g�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u���� �j�_�a�m�e�v�l�Z�l�u�� �d�h�l�h�j�u�o�� �b�a�e�h�`�_�g�u�� �\�� �m�d�Z�a�Z�g�g�u�o�� �j�Z�[�h�l�Z�o����
�i�j�h�[�e�_�f�Z�� �k�b�k�l�_�f�Z�l�b�d�b�� �b�� �i�_�l�j�h�]�_�g�_�a�b�k�Z�� �w�l�b�o�� �i�h�j�h�^�� �h�k�l�Z�_�l�k�y�� �^�Z�e�_�d�h�� �g�_�� �a�Z�\�_�j�r�_�g�g�h�c�����I�j�h�[�e�_�f�u��
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �b�� �k�b�k�l�_�f�Z�l�b�d�b�� �s�_�e�h�q�g�u�o�� �i�h�j�h�^�� �^�_�l�Z�e�v�g�h�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �\�� �j�Z�[�h�l�Z�o�� ���7�K�H�� �D�O�N�D�O�L�Q�H��
�U�R�F�N�V���� ������������ �D�e�Z�k�k�b�n�b�d�Z�p�b�y���������� ������������ �F�Z�]�f�Z�l�b�q�_�k�d�b�_���������� ����������, �Z���\���^�j�m�]�b�o (Alkaline�« , 1987; J. Petrol., 
������������ �\�h�i�j�h�k�� �i�h�� �k�b�k�l�_�f�Z�l�b�d�_�� �s�_�e�h�q�g�u�o�� �i�h�j�h�^�� �^�Z�`�_�� �g�_�� �i�h�^�g�b�f�Z�_�l�k�y���� �\�_�j�h�y�l�g�h���� �b�a-�a�Z�� �^�h�k�l�b�]�g�m�l�h�]�h��
�k�h�]�e�Z�k�b�y�� �i�h�� �i�h�g�y�l�b�x�� �l�_�j�f�b�g�Z���©�s�_�e�h�q�g�Z�y�� �i�h�j�h�^�Z�ª���� �G�_�k�f�h�l�j�y�� �g�Z�� �g�Z�e�b�q�b�_�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�h�c�� �k�o�_�f�u��
���D�e�Z�k�k�b�n�b�d�Z�p�b�y�«���� �������������� �\�� �j�Z�[�h�l�_�� ���F�Z�]�f�Z�l�b�q�_�k�d�b�_�«���� ������������ �k�l�j�h�]�h�� �]�h�\�h�j�y���� �k�b�k�l�_�f�Z�l�b�d�Z��
�f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �]�h�j�g�u�o�� �i�h�j�h�^�� �g�_�� �h�k�m�s�_�k�l�\�e�_�g�Z���� �<�� �l�Z�[�e�b�q�g�h�c�� �n�h�j�f�_�� �i�j�b�\�h�^�y�l�k�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�u�_��
�k�o�_�f�u�� �^�h�� �\�b�^�h�\�h�]�h�� �m�j�h�\�g�y�� �i�h�� �]�j�m�i�i�Z�f�� �b�� �j�y�^�Z�f���� �d�� �d�h�l�h�j�u�f�� �\�� �d�Z�`�^�h�f�� �k�_�f�_�c�k�l�\�_�� �^�Z�_�l�k�y�� �i�h�\�b�^�h�\�Z�y��
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�� ���]�_�h�e�h�]�b�y���� �i�_�l�j�h�]�j�Z�n�b�y���� �f�b�g�_�j�Z�e�h�]�b�y���� �i�_�l�j�h�e�h�]�b�y������ �<�� �h�l�^�_�e�v�g�h�f�� �l�h�f�_�� �h�i�b�k�Z�g�u��
�d�h�g�d�j�_�l�g�u�_���i�j�b�j�h�^�g�u�_���i�j�b�f�_�j�u���g�Z���m�j�h�\�g�_���k�_�j�b�c ���F�Z�]�f�Z�l�b�q�_�k�d�b�_�«�������������������I�j�_�^�k�l�Z�\�e�_�g�g�u�c���\���l�Z�d�h�f��
�\�b�^�_�� �f�Z�l�_�j�b�Z�e�� �a�Z�l�j�m�^�g�y�_�l�� �i�j�h�\�h�^�b�l�v�� �k�h�i�h�k�l�Z�\�b�l�_�e�v�g�u�c�� �Z�g�Z�e�b�a�� �i�h�j�h�^�� �g�Z�� �\�k�_�o�� �l�Z�d�k�h�g�g�u�o�� �m�j�h�\�g�y�o����
�L�Z�d�Z�y���k�b�l�m�Z�p�b�y���h�k�l�Z�_�l�k�y���^�h���g�Z�k�l�h�y�s�_�]�h���\�j�_�f�_�g�b�����>�e�y���i�j�b�f�_�j�Z���f�h�`�g�h���i�j�b�\�_�k�l�b���d�j�Z�l�d�m�x���o�Z�j�Z�d�l�_�j�b�k�l�b�d�m 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �]�h�j�g�u�o�� �i�h�j�h�^�����j�_�d�h�f�_�g�^�h�\�Z�g�g�m�x�� �\���©�I�_�l�j�h�]�j�Z�n�b�q�_�k�d�h�f�� �d�h�^�_�d�k�_ 
�J�h�k�k�b�b�ª ���������������� �<���g�_�f ���k�l�Z�l�v�y��II ������������ �h�l�f�_�q�Z�_�l�k�y���� �q�l�h�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o�� �i�h�j�h�^�� 
���\���^�Z�g�g�h�f���k�e�m�q�Z�_���± �f�Z�]�f�Z�l�b�q�_�k�d�b�o�����± �w�l�h���j�_�a�m�e�v�l�Z�l���j�Z�k�i�j�_�^�_�e�_�g�b�y���b�o���f�g�h�`�_�k�l�\�Z���i�h���k�b�k�l�_�f�_���l�Z�d�k�h�g�h�\��
�g�Z�� �h�k�g�h�\�Z�g�b�b�� �m�k�l�Z�g�h�\�e�_�g�g�u�o�� �k�b�k�l�_�f�Z�l�b�d�h�c�� �i�j�b�a�g�Z�d�h�\���� �h�g�Z�� �a�Z�d�j�_�i�e�y�_�l�� �j�_�a�m�e�v�l�Z�l�u�� �b�a�m�q�_�g�b�y��
�d�e�Z�k�k�b�n�b�p�b�j�m�_�f�u�o�� �h�[�t�_�d�l�h�\���� �j�Z�k�d�j�u�\�Z�_�l�� �\�g�m�l�j�_�g�g�b�_�� �k�\�y�a�b�� �f�_�`�^�m�� �k�b�k�l�_�f�Z�l�b�q�_�k�d�b�f�b�� �]�j�m�i�i�Z�f�b��
�i�h�j�h�^�� �b�� �i�j�_�^�k�l�Z�\�e�y�_�l�� �\�h�a�f�h�`�g�h�k�l�v�� �^�e�y�� �b�o�� �_�^�b�g�h�h�[�j�Z�a�g�h�c�� �^�b�Z�]�g�h�k�l�b�d�b���� �G�h�� �\�� �i�j�b�f�_�q�Z�g�b�b�� �;�� �k�l�Z�l�v�b��
II ���������� �i�h�y�k�g�y�_�l�k�y���� �q�l�h�� �i�j�b�g�y�l�Z�y�� �I�_�l�j�h�d�h�f�b�l�_�l�h�f�� �k�b�k�l�_�f�Z�l�b�d�Z�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�b�o�� �]�h�j�g�u�o�� �i�h�j�h�^��
���k�e�_�^�h�\�Z�l�_�e�v�g�h���� �b�� �i�h�k�l�j�h�_�g�g�Z�y�� �g�Z�� �_�_ �h�k�g�h�\�_�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y���� �\�� �b�a�\�_�k�l�g�h�c�� �f�_�j�_�� �m�k�e�h�\�g�Z���� �i�h�k�d�h�e�v�d�m��
�m�k�e�h�\�g�u�� �k�Z�f�b�� �l�Z�d�k�h�g�u�� �b�� �b�o�� �b�_�j�Z�j�o�b�y���� �:�\�l�h�j�u���b�a�^�Z�g�b�y �k�q�b�l�Z�x�l���� �q�l�h�� �w�l�Z�� �m�k�e�h�\�g�h�k�l�v�� �h�i�j�_�^�_�e�y�_�l�k�y���� 
�k�� �h�^�g�h�c�� �k�l�h�j�h�g�u���� �h�k�h�[�_�g�g�h�k�l�y�f�b�� �_�_ �w�e�_�f�_�g�l�Z�j�g�u�o�� �i�h�^�j�Z�a�^�_�e�_�g�b�c���± �\�b�^�h�\���� �d�h�l�h�j�u�_�� �h�[�u�q�g�h�� �k�\�y�a�Z�g�u��
�f�_�`�^�m�� �k�h�[�h�c�� �i�h�k�l�_�i�_�g�g�u�f�b�� �i�_�j�_�o�h�^�Z�f�b�� �b, �i�h�� �k�m�s�_�k�l�\�m, �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �k�h�\�h�d�m�i�g�h�k�l�b��
�j�Z�a�g�h�\�b�^�g�h�k�l�_�c�� �]�h�j�g�u�o�� �i�h�j�h�^���� �\�u�^�_�e�_�g�g�u�_�� �k�� �m�k�e�h�\�g�u�f�b�� �j�_�]�e�Z�f�_�g�l�b�j�h�\�Z�g�g�u�f�b�� �]�j�Z�g�b�p�Z�f�b�� 
�\�� �g�_�i�j�_�j�u�\�g�h�f�� �j�y�^�m�� �k�h�k�l�Z�\�h�\�� �i�h�� �a�Z�^�Z�g�g�u�f�� �i�Z�j�Z�f�_�l�j�Z�f���� �k�� �^�j�m�]�h�c�� �k�l�h�j�h�g�u���� �m�k�e�h�\�g�h�k�l�v�� �w�l�h�c��
�k�b�k�l�_�f�Z�l�b�d�b�� �k�\�y�a�Z�g�Z�� �k�� �_�_ �i�h�k�l�j�h�_�g�b�_�f�� �g�Z�� �d�h�f�[�b�g�b�j�h�\�Z�g�g�h�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �j�Z�a�g�h�j�h�^�g�u�o�� �b��
�g�_�j�Z�\�g�h�a�g�Z�q�g�u�o���d�j�b�l�_�j�b�_�\���± �]�_�g�_�l�b�q�_�k�d�b�o�����\�_�s�_�k�l�\�_�g�g�u�o�����k�l�j�m�d�l�m�j�g�u�o�� 

�I�j�b�g�y�l�u�_���\�� �©�I�_�l�j�h�]�j�Z�n�b�q�_�k�d�h�f�� �d�h�^�_�d�k�_���J�h�k�k�b�b�ª���k�b�k�l�_�f�Z�l�b�d�Z�� �b�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y��
�f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �]�h�j�g�u�o�� �i�h�j�h�^�� ���^�Z���� �g�Z�\�_�j�g�h�_���� �b�� �^�j�m�]�b�o�� �l�b�i�h�\������ �i�h�� �f�g�_�g�b�x�� �Z�\�l�h�j�Z�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u����
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�^�_�c�k�l�\�b�l�_�e�v�g�h�� �y�\�e�y�x�l�k�y�� �m�k�e�h�\�g�u�f�b���� �g�h�� �g�_�� �i�h�l�h�f�m���� �q�l�h�� �]�h�j�g�u�_�� �i�h�j�h�^�u�� �k�\�y�a�Z�g�u�� �f�_�`�^�m�� �k�h�[�h�c��
�i�h�k�l�_�i�_�g�g�u�f�b �i�_�j�_�o�h�^�Z�f�b�� �b�� �b�k�i�h�e�v�a�h�\�Z�g�u�� �j�Z�a�g�h�j�h�^�g�u�_�� �b�� �g�_�h�^�g�h�a�g�Z�q�g�u�_�� �d�j�b�l�_�j�b�b���� �Z�� �i�h�l�h�f�m���� �q�l�h��
�\�u�[�j�Z�g�u���g�_�k�l�j�h�]�b�_���b���g�_�h�^�g�h�a�g�Z�q�g�u�_���i�Z�j�Z�f�_�l�j�u���l�Z�d�k�h�g�g�u�o���d�j�b�l�_�j�b�_�\�����L�h�e�v�d�h���d���d�j�b�l�_�j�b�y�f���l�Z�d�k�h�g�h�\��
�©�l�b�i�ª�� �b�� �©�d�e�Z�k�k�ª�� �g�_�l�� �i�j�_�l�_�g�a�b�c���� �i�h�k�d�h�e�v�d�m�� �\�h�� �\�k�_�o�� �k�m�s�_�k�l�\�m�x�s�b�o�� �d�e�Z�k�k�b�n�b�d�Z�p�b�y�o���� �\�� �l�h�f���q�b�k�e�_�� �b�� 
�\�� �Z�\�l�h�j�k�d�h�c, �h�g�b���h�[�h�k�g�h�\�u�\�Z�x�l�k�y�� �]�_�g�_�l�b�q�_�k�d�b�f�b �i�j�b�a�g�Z�d�Z�f�b���� �Q�l�h�� �`�_�� �d�Z�k�Z�_�l�k�y�� �h�k�l�Z�e�v�g�u�o�� �l�Z�d�k�h�g�h�\��
���h�l�j�y�^���± �[�u�\�r�Z�y�� �]�j�m�i�i�Z���� �i�h�^�h�l�j�y�^���± �[�u�\�r�b�c�� �j�y�^���� �k�_�f�_�c�k�l�\�h���� �\�b�^������ �l�h�� �h�g�b�� �\�u�^�_�e�_�g�u�� ���h�i�j�_�^�_�e�_�g�u����
�^�_�c�k�l�\�b�l�_�e�v�g�h�� �m�k�e�h�\�g�h���� �h�� �q�_�f�� �[�h�e�_�_�� �i�h�^�j�h�[�g�h�� �]�h�\�h�j�b�l�k�y�� �\�� �j�Z�[�h�l�_�� ���>�m�[�j�h�\�k�d�b�c���� ���������Z������ �A�^�_�k�v�� �`�_��
�[�h�e�_�_�� �^�_�l�Z�e�v�g�h�� �j�Z�k�k�f�h�l�j�b�f�� �g�Z�b�[�h�e�_�_�� �i�j�b�g�p�b�i�b�Z�e�v�g�m�x�� �i�j�h�[�e�_�f�m�� ���f�g�_�g�b�_������ �d�h�l�h�j�Z�y�� �\�u�^�\�b�]�Z�_�l�k�y��
���i�j�b�\�h�^�b�l�k�y���� �d�Z�d�� �^�h�k�l�h�\�_�j�g�h�� �m�k�l�Z�g�h�\�e�_�g�g�u�c�� �n�Z�d�l, �y�d�h�[�u�� �i�h�^�l�\�_�j�`�^�Z�x�s�b�c�� �g�_�\�h�a�f�h�`�g�h�k�l�v��
�j�Z�a�j�Z�[�h�l�d�b�� ���k�h�a�^�Z�g�b�y���� �k�l�j�h�]�h�c�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�h�c�� �k�o�_�f�u�� �^�e�y�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �i�h�j�h�^, �± �w�l�h��
�i�h�k�l�_�i�_�g�g�u�_���i�_�j�_�o�h�^�u�����^�_�c�k�l�\�b�l�_�e�v�g�h���g�Z�[�e�x�^�Z�_�f�u�_���\���i�j�b�j�h�^�_�����G�h���\���i�j�b�j�h�^�_���b�f�_�x�l�k�y���l�Z�d�`�_���n�Z�d�l�u��
�q�_�l�d�b�o�����j�_�a�d�b�o�����]�j�Z�g�b�p���f�_�`�^�m���i�h�j�h�^�Z�f�b�����M���e�x�[�h�a�g�Z�l�_�e�v�g�h�]�h���b�k�k�e�_�^�h�\�Z�l�_�e�y���h�[�y�a�Z�l�_�e�v�g�h���^�h�e�`�_�g���[�u�e��
�\�h�a�g�b�d�g�m�l�v�� �\�h�i�j�h�k���� �i�h�q�_�f�m�� �\�� �h�^�g�h�f�� �k�e�m�q�Z�_�� �i�j�h�b�k�o�h�^�b�l�� �i�h�k�l�_�i�_�g�g�u�c�� �i�_�j�_�o�h�^�� �f�_�`�^�m�� �i�h�j�h�^�Z�f�b���� 
�Z���\���^�j�m�]�h�f���± �j�_�a�d�b�c�"���<�k�_���^�_�e�h���\���l�Z�d�k�h�g�g�h�f���m�j�h�\�g�_���j�h�^�k�l�\�Z�����b�e�b���k�o�h�^�k�l�\�Z�����d�h�g�l�Z�d�l�b�j�m�_�f�u�o���i�h�j�h�^�����g�h��
�^�e�y�� �m�k�l�Z�g�h�\�e�_�g�b�y�� �l�Z�d�k�h�g�g�h�]�h�� �m�j�h�\�g�y�� �g�_�h�[�o�h�^�b�f�Z�� �k�l�j�h�]�Z�y�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�Z�y�� �k�o�_�f�Z���� �I�h�w�l�h�f�m�� 
�\�� �i�_�l�j�h�]�j�Z�n�b�b�� �h�[�j�Z�a�h�\�Z�e�k�y�� �a�Z�d�h�e�^�h�\�Z�g�g�u�c�� �d�j�m�]���� �g�_�l�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b���� �i�h�� �d�h�l�h�j�h�c�� �f�h�`�g�h�� �[�u�e�h�� �[�u��
�j�Z�k�i�j�_�^�_�e�b�l�v�� �i�h�j�h�^�u�� �i�h�� �l�Z�d�k�h�g�Z�f. �I �h�� �w�l�h�c�� �i�j�b�q�b�g�_�� �g�_�\�h�a�f�h�`�g�h�� �m�k�l�Z�g�h�\�b�l�v���� �g�Z�� �d�Z�d�h�f�� �l�Z�d�k�h�g�g�h�f��
�m�j�h�\�g�_�� �i�j�h�b�k�o�h�^�b�l�� �q�_�l�d�h�_�� �j�Z�a�^�_�e�_�g�b�_�� �i�h�j�h�^���� �Z�� �g�Z�� �d�Z�d�h�f���± �k�m�s�_�k�l�\�m�x�l�� �i�h�k�l�_�i�_�g�g�u�_�� �i�_�j�_�o�h�^�u���� 
�I�h���w�l�h�f�m���d�j�m�]�m���i�_�l�j�h�]�j�Z�n�u���©�o�h�^�y�l�ª���m�`�_���i�h�e�l�h�j�u �k�h�l�g�b���e�_�l�� 

�<���j�Z�[�h�l�_�� ���>�m�[�j�h�\�k�d�b�c���� ���������Z���� �^�h�d�Z�a�Z�g�h���� �q�l�h�� �i�h�k�l�_�i�_�g�g�h�� �i�_�j�_�o�h�^�b�l�v�� �^�j�m�]�� �\�� �^�j�m�]�Z�� �f�h�]�m�l�� �i�h�j�h�^�u 
�h�^�g�h�]�h���g�h�j�f�Z�l�b�\�g�h-�f�b�g�Z�e�v�g�h�]�h���k�_�f�_�c�k�l�\�Z�����Z���l�Z�d�`�_���i�h�j�h�^�u���f�h�^�Z�e�v�g�h-�f�b�g�Z�e�v�g�u�o���k�_�f�_�c�k�l�\�����h�[�j�Z�a�h�\�Z�g�g�u�o  
�\�� �w�l�h�f�� �g�h�j�f�Z�l�b�\�g�h-�f�b�g�Z�e�v�g�h�f�� �k�_�f�_�c�k�l�\�_�� �k�� �b�a�f�_�g�_�g�b�_�f�� �l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�o�� �m�k�e�h�\�b�c�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b. 
�K�f�_�g�Z�� �`�_�� �i�h�j�h�^�� �f�_�`�^�m�� �k�_�f�_�c�k�l�\�Z�f�b�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �q�_�j�_�a�� �i�_�j�_�o�h�^�g�u�_�� �i�h�j�h�^�u���� �d�h�l�h�j�u�_�� �h�l�e�b�q�Z�x�l�k�y  
�h�l���k�h�k�_�^�g�b�o���i�h�j�h�^���h�[�y�a�Z�l�_�e�v�g�u�f���h�l�k�m�l�k�l�\�b�_�f���h�i�j�_�^�_�e�_�g�g�h�]�h���f�b�g�Z�e�Z���b���f�b�g�_�j�Z�e�Z���� 

�I�_�j�_�^�� �^�h�d�Z�a�Z�l�_�e�v�k�l�\�h�f�� �^�Z�g�g�h�]�h�� �l�_�a�b�k�Z�� �g�_�h�[�o�h�^�b�f�h�� �^�h�]�h�\�h�j�b�l�v�k�y�� �h�� �l�_�j�f�b�g�h�e�h�]�b�b�� �i�j�h�^�m�d�l�h�\��
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�]�h�� �y�\�e�_�g�b�y���� �G�_�h�[�o�h�^�b�f�h�� �m�l�h�q�g�b�l�v���� �q�_�f�� �h�l�e�b�q�Z�_�l�k�y�� �i�h�k�l�_�i�_�g�g�u�c�� ���g�_�i�j�_�j�u�\�g�u�c����
�i�_�j�_�o�h�^�� �f�_�`�^�m�� �k�e�h�y�f�b�� �i�h�j�h�^�� �j�Z�a�g�u�o�� �k�l�Z�^�b�c�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �j�Z�k�i�e�Z�\�Z�� �h�^�g�h�c�� �f�b�g�Z�e�v�g�h�c�� �k�b�k�l�_�f�u��
���i�j�b�f�_�j����Ol Ol + Opx + Cpx + Pl���� �h�l�� �_�e�_�� �a�Z�f�_�l�g�h�c�� �k�f�_�g�u�� �n�Z�a�h�\�u�o��
�Z�k�k�h�p�b�Z�p�b�c�� �j�Z�a�g�u�o�� �f�b�g�Z�e�v�g�u�o�� �k�b�k�l�_�f���>Ol Ol Opx) + Cpx + Pl
Opx + Cpx + Pl �@���� �I�j�b�� �w�l�h�f�� �k�e�_�^�m�_�l�� �b�f�_�l�v�� �\�� �\�b�^�m���� �q�l�h �[�u�\�Z�_�l�� �k�e�h�`�g�h��
�j�Z�a�e�b�q�b�l�v���k�l�j�m�d�l�m�j�g�h-�l�_�d�k�l�m�j�g�m�x���g�_�h�^�g�h�j�h�^�g�h�k�l�v���i�h�j�h�^���h�^�g�h�]�h���k�_�f�_�c�k�l�\�Z���b���k�l�j�m�d�l�m�j�g�h-�l�_�d�k�l�m�j�g�h�_��
�k�o�h�^�k�l�\�h�� �j�Z�a�g�u�o�� �f�b�g�_�j�Z�e�v�g�u�o�� �Z�k�k�h�p�b�Z�p�b�c�� �k�h�k�_�^�g�b�o�� �k�_�f�_�c�k�l�\���� �<�� �i�_�j�\�h�f�� �k�e�m�q�Z�_�� �f�u�� �b�f�_�_�f�� �j�h�^�h�\�u�_��
�d�h�e�b�q�_�k�l�\�_�g�g�u�_�� �g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �\�g�m�l�j�b�� �k�_�f�_�c�k�l�\�Z���� �Z�� �\�h�� �\�l�h�j�h�f���± �d�Z�q�_�k�l�\�_�g�g�h-�d�h�e�b�q�_�k�l�\�_�g�g�u�_��
�g�_�h�^�g�h�j�h�^�g�h�k�l�b���f�_�`�^�m���k�_�f�_�c�k�l�\�Z�f�b�� 

�H�q�_�\�b�^�g�h���� �q�l�h�� �w�l�b�� �k�e�h�\�_�k�g�u�_�� �j�Z�k�k�m�`�^�_�g�b�y�� �k�e�_�^�m�_�l�� �i�h�^�l�\�_�j�^�b�l�v�� �Z�g�Z�e�b�a�h�f�� �n�Z�a�h�\�u�o��
�i�j�_�\�j�Z�s�_�g�b�c�� �o�h�l�y�� �[�u�� �g�Z�� �i�j�b�f�_�j�_�� �i�j�h�k�l�h�c��3-�d�h�f�i�h�g�_�g�l�g�h�c�� �j�Z�k�i�e�Z�\�g�h�c�� �k�b�k�l�_�f�u a-b-c �k�� �^�\�m�f�y��
�i�j�h�f�_�`�m�l�h�q�g�u�f�b�� �k�h�_�^�b�g�_�g�b�y�f�b��ab �b��ac (�j�b�k�� �������� �K�b�k�l�_�f�Z��a-b-c �\�� �w�l�h�f�� �k�e�m�q�Z�_�� �^�_�e�b�l�k�y�� �g�Z�� �l�j�b��
�i�h�^�k�b�k�l�_�f�u��a-ab-ac, ab-ac-b �b ac-b-c���� �I�j�h�Z�g�Z�e�b�a�b�j�m�_�f�� �^�\�Z�� �\�Z�j�b�Z�g�l�Z�� �n�Z�a�h�\�u�o�� �i�j�_�\�j�Z�s�_�g�b�c�� ��А �b��Б)  
�k���m�q�_�l�h�f���m�k�e�h�\�b�c���d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���b���n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y�����j�b�k�� 1). 

�<�Z�j�b�Z�g�l���:  �± �k�e�m�q�Z�c�����d�h�]�^�Z�� �b�� �\�� ��- �b�� �\�� ��-�d�h�f�i�h�g�_�g�l�g�u�o�� �k�b�k�l�_�f�Z�o�� �d�h�g�_�q�g�u�_�� �k�l�Z�^�b�b��
�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���a�Z�d�Z�g�q�b�\�Z�x�l�k�y���w�\�l�_�d�l�b�d�Z�f�b�� �L�j�_�g�^���d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���b�k�o�h�^�g�h�]�h���j�Z�k�i�e�Z�\�Z��L �b�k�o���k�b�k�l�_�f�u��
ac-b-c���� �i�j�b�� �h�[�t�_�f�g�h�c�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �[�_�a�� �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y���� �\�� �w�l�h�f�� �\�Z�j�b�Z�g�l�_�� �^�h�e�`�_�g�� �[�u�l�v���l�Z�d�b�f: 

 ���j�b�k�� 1, А������ �D�h�g�_�q�g�u�_�� �i�j�h�^�m�d�l�u�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �[�m�^�m�l�� �i�j�_�^�k�l�Z�\�e�_�g�u��

�f�b�g�_�j�Z�e�v�g�h�c�� �Z�k�k�h�p�b�Z�p�b�_�c��B + AC + C �k�� �f�Z�k�k�b�\�g�h�c�� �l�_�d�k�l�m�j�h�c�� �b�� �]�b�i�b�^�b�h�f�h�j�n�g�h�a�_�j�g�b�k�l�h�c��
�k�l�j�m�d�l�m�j�h�c���� �I�j�b�� �\�_�j�o�g�_�a�h�g�Z�e�v�g�h�c�� �j�Z�\�g�h�\�_�k�g�h�c�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���� �b�^�_�Z�e�v�g�h�f�� �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�b�� �b��
�d�m�f�m�e�y�p�b�b���d�j�b�k�l�Z�e�e�h�\���g�Z���^�g�_���d�Z�f�_�j�u���l�j�_�g�^���d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���h�k�l�Z�g�_�l�k�y���l�Z�d�b�f���`�_�����d�Z�d���b���\���i�j�_�^�u�^�m�s�_�f�� 
�k�e�m�q�Z�_���� �I�j�h�^�m�d�l�u�� �`�_�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �[�m�^�m�l�� �i�j�_�^�k�l�Z�\�e�_�g�u�� �k�e�h�y�f�b���� �k�e�h�`�_�g�g�u�f�b�� �k�l�Z�^�b�c�g�u�f�b��
�i�j�h�^�m�d�l�Z�f�b�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���� �g�b�`�g�b�c�� �k�e�h�c���± �f�b�g�_�j�Z�e�h�f��B���� �k�j�_�^�g�b�c���± �f�b�g�_�j�Z�e�Z�f�b��B + AC  
�b�� �\�_�j�o�g�b�c���± �f�b�g�_�j�Z�e�Z�f�b��B + AC + C �k�� �q�_�l�d�b�f�� �i�_�j�_�o�h�^�h�f�� �f�_�`�^�m�� �k�e�h�y�f�b�� �b�� �j�Z�\�g�h�\�_�k�g�h��
�k�h�k�m�s�_�k�l�\�m�x�s�b�f�b���n�Z�a�Z�f�b���� 

�L�h�q�g�h���l�Z�d���`�_���[�m�^�m�l���\�_�k�l�b���k�_�[�y���j�Z�k�i�e�Z�\�u�����i�h�i�Z�^�Z�x�s�b�_���i�h���k�h�k�l�Z�\�m���\���k�b�k�l�_�f�u��a-ab-ac �b ab-ac-b, 
�k�� �h�[�j�Z�a�h�\�Z�g�b�_�f�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o�� �i�j�h�^�m�d�l�h�\�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���� �W�l�h�� �b�� �_�k�l�v�� �i�j�b�f�_�j�� �d�h�e�b�q�_�k�l�\�_�g�g�h�c��
�g�_�h�^�g�h�j�h�^�g�h�k�l�b�� �j�Z�\�g�h�\�_�k�g�u�o�� �f�b�g�_�j�Z�e�v�g�u�o�� �Z�k�k�h�p�b�Z�p�b�c���� �h�[�j�Z�a�h�\�Z�g�g�u�o�� �\�� �h�^�g�h�c�� �f�b�g�Z�e�v�g�h�c�� �k�b�k�l�_�f�_����
�b�e�b�� �i�h�k�l�_�i�_�g�g�h�]�h�� �i�_�j�_�o�h�^�Z�����J�Z�k�i�e�Z�\�Z�f�� �b�a�� �h�^�g�h�c�� �k�b�k�l�_�f�u�� ���k�_�f�_�c�k�l�\�Z�����i�_�j�_�c�l�b���\�� �^�j�m�]�m�x�� �k�b�k�l�_�f�m��
���k�_�f�_�c�k�l�\�h�����g�_���i�h�a�\�h�e�y�x�l���k�m�s�_�k�l�\�m�x�s�b�_���©�l�_�j�f�Z�e�v�g�u�_���[�Z�j�v�_�j�u�ª���f�_�`�^�m���g�b�f�b�� 



12 

 

 
 

�J�b�k�� 1. �L�j�_�g�^�u���d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���\���l�j�h�c�g�u�o���k�b�k�l�_�f�Z�o���� 
А �± �k���w�\�l�_�d�l�b�d�Z�f�b����Б �± �k���^�\�m�f�y���i�_�j�b�l�_�d�l�b�d�Z�f�b���b���w�\�l�_�d�l�b�d�h�c�����b�k�o�����± �b�k�o�h�^�g�u�c���k�h�k�l�Z�\���j�Z�k�i�e�Z�\�Z 

 
�D�Z�d�� �\�b�^�g�h�� �b�a�� �l�h�i�h�e�h�]�b�b�� �^�b�Z�]�j�Z�f�f�u�� �\�Z�j�b�Z�g�l�Z��А���� �f�_�`�^�m�� �w�\�l�_�d�l�b�d�Z�f�b�� �k�h�k�_�^�g�b�o�� �i�h�^�k�b�k�l�_�f��

�j�Z�k�i�h�e�Z�]�Z�x�l�k�y�� �i�h�\�_�j�o�g�h�k�l�b�� �k�h�k�m�s�_�k�l�\�h�\�Z�g�b�y�� �^�\�m�o�� �n�Z�a���� �y�\�e�y�x�s�b�o�k�y�� �i�j�h�^�m�d�l�Z�f�b�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b��
�d�h�f�i�h�g�_�g�l�h�\�����g�Z�o�h�^�y�s�b�o�k�y�� �\�� �d�h�g�p�Z�o�� �d�h�g�g�h�^���� �d�h�l�h�j�u�_, �\�� �k�\�h�x�� �h�q�_�j�_�^�v, �y�\�e�y�x�l�k�y�� �]�j�Z�g�b�p�Z�f�b�� �f�_�`�^�m��
�i�h�^�k�b�k�l�_�f�Z�f�b�����<�h�l���w�l�b���n�Z�a�h�\�u�_���Z�k�k�h�p�b�Z�p�b�b���b���_�k�l�v���i�_�j�_�o�h�^�g�u�_���i�h�j�h�^�u���f�_�`�^�m���w�\�l�_�d�l�b�d�Z�f�b���k�h�k�_�^�g�b�o��
�k�b�k�l�_�f���\���k�e�m�q�Z�_���\�h�a�f�h�`�g�h�]�h���i�_�j�_�o�h�^�Z���h�l���h�^�g�h�c���g�h�g�\�Z�j�b�Z�g�l�g�h�c���Z�k�k�h�p�b�Z�p�b�b���h�^�g�h�c���k�b�k�l�_�f�u���d���^�j�m�]�h�c�� 

�<�Z�j�b�Z�g�l���;  �± �k�e�m�q�Z�c�����d�h�]�^�Z�� �\�� �^�\�m�o��3-�d�h�f�i�h�g�_�g�l�g�u�o�� �k�b�k�l�_�f�Z�o�� �d�h�g�_�q�g�u�_�� �k�l�Z�^�b�b��
�d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �y�\�e�y�x�l�k�y�� �i�_�j�b�l�_�d�l�b�q�_�k�d�b�f�b���� �L�j�_�g�^�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �b�k�o�h�^�g�h�]�h�� �j�Z�k�i�e�Z�\�Z��L �b�k�o  

�i�j�b�� �h�[�t�_�f�g�h�c�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �[�_�a�� �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�y�� �[�m�^�_�l�� �l�Z�d�b�f����  

���j�b�k�� 1, Б������ �k�� �g�_�j�Z�\�g�h�f�_�j�g�h�a�_�j�g�b�k�l�h�c�� �k�l�j�m�d�l�m�j�h�c�� �b�� �j�_�Z�d�p�b�h�g�g�u�f�� �a�Z�f�_�s�_�g�b�_�f�� �n�Z�a�u�� �K�� �n�Z�a�h�c�� �:�K���� 
�I�j�b�� �\�_�j�o�g�_�a�h�g�Z�e�v�g�h�c�� �j�Z�\�g�h�\�_�k�g�h�c�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b���� �b�^�_�Z�e�v�g�h�f�� �n�j�Z�d�p�b�h�g�b�j�h�\�Z�g�b�b�� �b�� �d�m�f�m�e�y�p�b�b��

�d�j�b�k�l�Z�e�e�h�\�� �g�Z�� �^�g�_�� �d�Z�f�_�j�u�� �l�j�_�g�^�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �[�m�^�_�l�� �l�Z�d�b�f�� 

 ���j�b�k�� 1, Б������ �<�� �w�l�h�f�� �\�Z�j�b�Z�g�l�_���� �i�j�b�� �i�_�j�_�o�h�^�_�� �j�Z�k�i�e�Z�\�Z�� �b�a�� �h�^�g�h�c�� �k�b�k�l�_�f�u�� �\�� �^�j�m�]�m�x����

�i�j�h�b�k�o�h�^�b�l���b�k�q�_�a�g�h�\�_�g�b�_���h�^�g�h�c���n�Z�a�u���b���i�h�y�\�e�_�g�b�_���^�j�m�]�h�c�����a�Z�d�Z�g�q�b�\�Z�_�l�k�y���d�j�b�k�l�Z�e�e�b�a�Z�p�b�y���w�\�l�_�d�l�b�d�h�c��
�k�b�k�l�_�f�u��a-ab-ac. �L�Z�d�h�_�� �q�_�j�_�^�h�\�Z�g�b�_�� �n�Z�a�h�\�u�o�� �Z�k�k�h�p�b�Z�p�b�c�� �g�_�� �f�h�`�_�l�� �g�Z�a�u�\�Z�l�v�k�y�� �i�h�k�l�_�i�_�g�g�u�f��
�i�_�j�_�o�h�^�h�f���f�_�`�^�m���i�h�j�h�^�Z�f�b�����W�l�h���j�_�a�d�Z�y���k�f�_�g�Z���n�Z�a�h�\�u�o���Z�k�k�h�p�b�Z�p�b�c���i�j�b���i�_�j�_�o�h�^�_���j�Z�k�i�e�Z�\�Z���b�a���h�^�g�h�c��
�f�b�g�Z�e�v�g�h�c�� �k�b�k�l�_�f�u�� �\�� �^�j�m�]�m�x�� �\�� �i�j�h�p�_�k�k�_�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b, �b�� �b�f�_�g�g�h�� �h�g�Z�� �[�u�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�Z�� 

А 

Б 
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�^�e�y���m�k�l�Z�g�h�\�e�_�g�b�y���q�_�l�d�b�o���b���h�^�g�h�a�g�Z�q�g�u�o���]�j�Z�g�b�p���f�_�`�^�m���k�h�h�l�\�_�l�k�l�\�m�x�s�b�f�b���l�Z�d�k�h�g�Z�f�b���i�j�b���j�Z�a�j�Z�[�h�l�d�_��
�d�h�f�i�e�_�d�k�g�h�c���d�e�Z�k�k�b�n�b�d�Z�p�b�b������������ 

�D�h�j�h�l�d�h�� �h�k�l�Z�g�h�\�b�f�k�y�� �_�s�_�� �g�Z�� �h�^�g�h�f�� �k�i�h�j�g�h�f�� �\�h�i�j�h�k�_���� �K�h�� �\�j�_�f�_�g�b�� �i�h�y�\�e�_�g�b�y�� �i�_�j�\�u�o��
�d�e�Z�k�k�b�n�b�d�Z�p�b�c���� �b�k�l�h�j�b�q�_�k�d�b�c�� �h�[�a�h�j�� �d�h�l�h�j�u�o�� �i�j�b�\�_�^�_�g�� �\�� �j�Z�[�h�l�Z�o ���A�Z�\�Z�j�b�p�d�b�c���� ������������
�F�Z�]�f�Z�l�b�q�_�k�d�b�_�« �������������������i�j�_�^�e�Z�]�Z�e�b�k�v���j�Z�a�e�b�q�g�u�_���\�Z�j�b�Z�g�l�u���h�i�j�_�^�_�e�_�g�b�y���l�Z�d���g�Z�a�u�\�Z�_�f�u�o���s�_�e�h�q�g�u�o��
�i�h�j�h�^�����b���d���g�Z�k�l�h�y�s�_�f�m���\�j�_�f�_�g�b���k�e�h�`�b�e�h�k�v���k�e�_�^�m�x�s�b�_���l�j�Z�d�l�h�\�d�b �l�_�j�f�b�g�Z���©�s�_�e�h�q�g�Z�y���i�h�j�h�^�Z�ª: 

 �©�I�h�j�h�^�Z�� �s�_�e�h�q�g�Z�y���± �f�Z�]�f�Z�l�b�q�_�k�d�Z�y�� �i�h�j�h�^�Z���� �\�� �d�h�l�h�j�h�c�� �k�h�^�_�j�`�b�l�k�y�� �a�g�Z�q�b�l�_�e�v�g�h�_��
�d�h�e�b�q�_�k�l�\�h���s�_�e�h�q�_�c�����q�l�h���h�l�j�Z�`�Z�_�l�k�y���\���k�\�h�_�h�[�j�Z�a�g�h�f���f�b�g�_�j�Z�e�v�g�h�f���k�h�k�l�Z�\�_���i�h�j�h�^�u���s�_�e�h�q�g�h�c�����h�[�u�q�g�h��
�i�j�b�k�m�l�k�l�\�m�x�l�� �s�_�e�h�q�g�u�_�� �i�b�j�h�d�k�_�g�u���� �s�_�e�h�q�g�u�_�� �Z�f�n�b�[�h�e�u�� �b�� �n�_�e�v�^�r�i�Z�l�h�b�^�u�� �k�h�� �s�_�e�h�q�g�u�f�b��
�i�h�e�_�\�u�f�b���r�i�Z�l�Z�f�b���b�e�b���[�_�a���g�b�o�ª��(�=�_�h�e�h�]�b�q�_�k�d�b�c���k�e�h�\�Z�j�v, 1978, �k�� 120); 

 �©�S�_�e�h�q�g�Z�y�� �i�h�j�h�^�Z���± �f�Z�]�f�Z�l�b�q�_�k�d�Z�y�� �\�m�e�d�Z�g�b�q�_�k�d�Z�y�� �b�e�b�� �i�e�m�l�h�g�b�q�_�k�d�Z�y�� �i�h�j�h�^�Z���� 
�\�� �d�h�l�h�j�h�c�� �\�Z�`�g�h�c�� �k�h�k�l�Z�\�e�y�x�s�_�c�� �q�Z�k�l�v�x�� �y�\�e�y�x�l�k�y�� �n�_�e�v�^�r�i�Z�l�h�b�^�u�� �b�� ���b�e�b���� �s�_�e�h�q�g�u�_�� �i�b�j�h�d�k�_�g�u�� �b��
���b�e�b�����s�_�e�h�q�g�u�_���Z�f�n�b�[�h�e�u�ª (�I�_�l�j�h�]�j�Z�n�b�q�_�k�d�b�c���k�e�h�\�Z�j�v, 1981, �k�������������� 

�>�Z�g�g�u�_�� �h�i�j�_�^�_�e�_�g�b�y���h�k�g�h�\�Z�g�u�� �g�Z�� �f�b�g�_�j�Z�e�v�g�u�o�� �d�j�b�l�_�j�b�y�o, �b�� �g�b�q�_�]�h�� �\�� �g�b�o�� �g�_�� �]�h�\�h�j�b�l�k�y�� 
�h���i�_�l�j�h�o�b�f�b�q�_�k�d�b�o���i�Z�j�Z�f�_�l�j�Z�o�����[�_�a���d�h�l�h�j�u�o���g�_�\�h�a�f�h�`�g�h���m�k�l�Z�g�h�\�b�l�v���s�_�e�h�q�g�h�k�l�v���k�l�_�d�e�h�k�h�^�_�j�`�Z�s�b�o��
�\�m�e�d�Z�g�b�q�_�k�d�b�o�� �i�h�j�h�^���� �I�j�b�q�_�f���f�b�g�_�j�Z�e�u�����m�d�Z�a�Z�g�g�u�_�� �d�Z�d�� �l�b�i�h�f�h�j�n�g�u�_���� �h�l�j�Z�`�Z�x�l�� �j�Z�a�g�u�_��
�i�_�l�j�h�o�b�f�b�q�_�k�d�b�_�� �h�k�h�[�_�g�g�h�k�l�b�� �i�h�j�h�^���� �n�_�e�v�^�r�i�Z�l�h�b�^�u�� �i�h�y�\�e�y�x�l�k�y�� �\�� �i�h�j�h�^�Z�o�� �i�j�b�� �g�_�^�h�k�u�s�_�g�g�h�k�l�b��
�d�j�_�f�g�_�a�_�f�h�f���� �Z�� �s�_�e�h�q�g�u�_�� �i�b�j�h�d�k�_�g�u�� �b�� �Z�f�n�b�[�h�e�u���± �i�j�b�� �g�_�^�h�k�u�s�_�g�g�h�k�l�b�� �]�e�b�g�h�a�_�f�h�f����
�K�e�_�^�h�\�Z�l�_�e�v�g�h���� �k�h�]�e�Z�k�g�h�� �w�l�b�f�� �h�i�j�_�^�_�e�_�g�b�y�f���� �s�_�e�h�q�g�Z�y�� �i�h�j�h�^�Z�� �f�h�`�_�l�� �h�[�j�Z�a�h�\�Z�l�v�k�y�� �i�j�b�� �g�_�^�h�k�l�Z�l�d�_�� 
�\�� �f�Z�]�f�_�� �d�Z�d�� �d�j�_�f�g�_�a�_�f�Z���� �l�Z�d�� �b�� �]�e�b�g�h�a�_�f�Z���� �q�l�h�� �i�j�b�^�Z�_�l�� �i�h�g�y�l�b�x�� �s�_�e�h�q�g�h�k�l�b�� �^�\�m�k�f�u�k�e�_�g�g�h�k�l�v����
�d�h�l�h�j�Z�y�� �k�l�h�j�h�g�g�b�d�Z�f�� �l�Z�d�h�]�h�� �i�h�g�y�l�b�y�� �g�_�� �i�h�a�\�h�e�y�_�l�� �j�Z�a�j�Z�[�h�l�Z�l�v�� �j�Z�p�b�h�g�Z�e�v�g�m�x�� �d�h�f�i�e�_�d�k�g�m�x��
�d�e�Z�k�k�b�n�b�d�Z�p�b�x���f�Z�]�f�Z�l�b�q�_�k�d�b�o���]�h�j�g�u�o���i�h�j�h�^; 

 �K���� �B�� �L�h�f�d�_�_�\ �������������� �^�Z�_�l�� �^�\�Z�� �h�i�j�_�^�_�e�_�g�b�y�� �s�_�e�h�q�g�u�f�� �i�h�j�h�^�Z�f�� �b�� �s�_�e�h�q�g�u�f�� �k�_�j�b�y�f���� 
�Z�����i�h���I�b�d�h�d�m�����D�O�N�D�O�L�F���U�R�F�N�V���D�Q�G���V�H�U�L�H�V�����± �i�h�j�h�^�u���k���n�_�e�v�^�r�i�Z�l�h�b�^�Z�f�b���b���s�_�e�h�q�g�h-�b�a�\�_�k�l�d�h�\�u�f���b�g�^�_�d�k�h�f��
�f�_�g�_�_�� ������ ���l. ������ �k���� ���������� �[���� �i�h�� �B�^�^�b�g�]�k�m�� ���D�O�N�D�O�L�k rock, alcali�k series) �± �i�h�j�h�^�u���� �\�� �d�h�l�h�j�u�o�� �i�h�\�u�r�_�g�g�h�_�� 
�i�h�� �h�l�g�h�r�_�g�b�x�� �d�� �^�j�m�]�b�f�� �d�h�f�i�h�g�_�g�l�Z�f�� �k�h�^�_�j�`�Z�g�b�_�� �s�_�e�h�q�_�c�� �d�h�g�l�j�h�e�b�j�m�_�l�� �f�b�g�_�j�Z�e�v�g�u�c�� �k�h�k�l�Z�\���� 
�\�� �h�[�u�q�g�u�o�� �k�e�m�q�Z�y�o�� �h�i�j�_�^�_�e�y�_�l�� �g�Z�e�b�q�b�_�� �g�Z�l�j�h�\�u�o�� �i�b�j�h�d�k�_�g�h�\�� �b�e�b�� �Z�f�n�b�[�h�e�h�\�� ���k�� �n�_�e�v�^�r�i�Z�l�h�b�^�Z�f�b��
�b�e�b���[�_�a���g�b�o�������l. �������k��������-�����������H�i�j�_�^�_�e�_�g�b�_���©�[�ª�����i�h���f�g�_�g�b�x���Z�\�l�h�j�Z�����i�j�Z�\�b�e�v�g�h�_�����g�h���g�_���k�l�j�h�]�h�_; 

 �\ �©�I�_�l�j�h�]�j�Z�n�b�q�_�k�d�h�f�� �d�h�^�_�d�k�_ �J�h�k�k�b�b�ª (2008���� �d�j�b�l�_�j�b�_�f�� �^�e�y�� �j�Z�a�^�_�e�_�g�b�y�� �]�h�j�g�u�o��
�i�h�j�h�^�� �g�Z�� �j�y�^�u�� �i�h�� �s�_�e�h�q�g�h�k�l�b�� �k�e�m�`�b�l�� �k�m�f�f�Z�� �s�_�e�h�q�_�c�� ���1�D2O + K2O) �f�Z�k�� ������ �i�j�_�^�_�e�u�� �d�h�e�_�[�Z�g�b�c��
�d�h�l�h�j�h�c�� �i�j�b�g�b�f�Z�x�l�k�y�� �j�Z�a�g�u�f�b�� �^�e�y�� �j�Z�a�e�b�q�g�u�o�� �]�j�m�i�i�� �i�h�j�h�^���� �q�l�h�� �^�_�e�Z�_�l�� �w�l�h�l�� �d�j�b�l�_�j�b�c�� �l�Z�d�`�_��
�g�_�h�i�j�_�^�_�e�_�g�g�u�f; 

 �\ �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �`�_���F�_�`�^�m�g�Z�j�h�^�g�h�]�h�� �k�h�x�a�Z�� �]�_�h�e�h�]�b�q�_�k�d�b�o�� �g�Z�m�d��(IUGS) �\�h�h�[�s�_��
�h�l�k�m�l�k�l�\�m�_�l���l�Z�d�k�h�g���©�s�_�e�h�q�g�u�_���]�h�j�g�u�_���i�h�j�h�^�u�ª�����/�H���0�D�L�W�U�H���H�W���D�O�������������������D�e�Z�k�k�b�n�b�d�Z�p�b�y��������������������; 

 �O�����K�s�j�_�g�k�_�g �k�q�b�l�Z�_�l�����q�l�h���g�Z�b�[�h�e�_�_���i�j�b�_�f�e�_�f�h�_���h�i�j�_�^�_�e�_�g�b�_���s�_�e�h�q�g�u�f���i�h�j�h�^�Z�f���^�Z�g�h��
�K���� �R�_�g�^�h�f���� �d�h�l�h�j�h�_�� �d�j�Z�l�d�h�� �n�h�j�f�m�e�b�j�m�_�l�k�y�� �l�Z�d�����s�_�e�h�q�g�u�_�� �f�Z�]�f�Z�l�b�q�_�k�d�b�_�� �i�h�j�h�^�u��
�o�Z�j�Z�d�l�_�j�b�a�m�x�l�k�y�� �i�j�b�k�m�l�k�l�\�b�_�f�� �n�_�e�v�^�r�i�Z�l�h�b�^�h�\�� �b�� ���b�e�b���� �s�_�e�h�q�g�u�o�� �i�b�j�h�d�k�_�g�h�\�� �b�� �Z�f�n�b�[�h�e�h�\ 
���S�_�e�h�q�g�u�_���i�h�j�h�^�u��������������.  

�L�Z�d�h�_�� �h�i�j�_�^�_�e�_�g�b�_�� �R�_�g�^�Z�� �\�j�y�^�� �e�b�� �f�h�`�g�h�� �k�q�b�l�Z�l�v�� �m�^�Z�q�g�u�f���� �I�h�e�m�q�Z�_�l�k�y���� �q�l�h�� �^�e�y �i�h�j�h�^����
�i�_�j�_�k�u�s�_�g�g�u�o���d�j�_�f�g�_�a�_�f�h�f�����d�j�b�l�_�j�b�_�f���b�o���s�_�e�h�q�g�h�k�l�b���y�\�e�y�_�l�k�y���i�j�b�k�m�l�k�l�\�b�_���s�_�e�h�q�g�u�o���i�b�j�h�d�k�_�g�h�\��
�b�� �Z�f�n�b�[�h�e�h�\�� �b�� �g�_�o�\�Z�l�d�Z�� �]�e�b�g�h�a�_�f�Z���� �Z�� �^�e�y�� �i�h�j�h�^���� �g�_�^�h�k�u�s�_�g�g�u�o�� �d�j�_�f�g�_�a�_�f�h�f���� �^�h�k�l�Z�l�h�q�g�h�� �l�h�e�v�d�h��
�i�j�b�k�m�l�k�l�\�b�y�� �n�_�e�v�^�r�i�Z�l�h�b�^�h�\�� �b�� �^�Z�`�_�� �g�_�� �h�[�y�a�Z�l�_�e�v�g�h�� �i�j�b�k�m�l�k�l�\�b�_�� �s�_�e�h�q�g�u�o�� �i�b�j�h�d�k�_�g�h�\�� �b��
�Z�f�n�b�[�h�e�h�\���� �<�� �g�b�o�� �f�h�]�m�l�� �i�j�b�k�m�l�k�l�\�h�\�Z�l�v�� �h�[�u�q�g�u�_�� �i�b�j�h�d�k�_�g�u�� �b�� �Z�f�n�b�[�h�e�u���� �i�e�Z�]�b�h�d�e�Z�a�u�� �e�x�[�h�c��
�h�k�g�h�\�g�h�k�l�b�� �b�� �^�Z�`�_�� �]�e�b�g�h�a�_�f�b�k�l�u�_�� �f�b�g�_�j�Z�e�u�� ���d�h�j�m�g�^���� �f�m�k�d�h�\�b�l���� �l�h�i�Z�a�� �b�� �^�j�������� �B�g�Z�q�_���]�h�\�h�j�y�� �\�k�_��
�k�h�^�_�j�`�Z�s�b�_���n�_�e�v�^�r�i�Z�l�h�b�^�u���i�h�j�h�^�u���y�\�e�y�x�l�k�y���s�_�e�h�q�g�u�f�b�����k���q�_�f���d�Z�l�_�]�h�j�b�q�_�k�d�b���g�_�e�v�a�y���k�h�]�e�Z�k�b�l�v�k�y����
�i�h�k�d�h�e�v�d�m�� �\�u�^�_�e�_�g�b�_�� �d�Z�d�h�]�h-�e�b�[�h�� �l�Z�d�k�h�g�Z�� �i�h�� �^�\�m�f�� �j�Z�\�g�h�a�g�Z�q�g�u�f�� �d�j�b�l�_�j�b�y�f�� �i�j�b�\�h�^�b�l�� 
�d�� �^�\�m�k�f�u�k�e�_�g�g�h�k�l�b���� �q�l�h�� �k�h�\�_�j�r�_�g�g�h�� �g�_�� �i�h�a�\�h�e�b�l�_�e�v�g�h�� �\�� �k�b�k�l�_�f�Z�l�b�d�_�� �[�h�e�v�r�h�]�h�� �d�h�e�b�q�_�k�l�\�Z�� �e�x�[�u�o��
�h�[�t�_�d�l�h�\���� �<���^�Z�g�g�h�f���k�e�m�q�Z�_���� �\�� �l�Z�d�k�h�g���j�y� ̂�h�[�t�_�^�b�g�y�x�l�k�y���i�h�j�h�^�u�� �i�h�� �i�j�b�a�g�Z�d�m���©�s�_�e�h�q�g�h�k�l�v�ª���� �d�h�l�h�j�Z�y��
�h�i�j�_�^�_�e�y�_�l�k�y�� �i�h�� �j�Z�a�g�u�f�� �d�j�b�l�_�j�b�y�f���� �\�� �h�^�g�h�f�� �k�e�m�q�Z�_�� �i�h�� �g�_�^�h�k�u�s�_�g�g�h�k�l�b�� �Z�e�x�f�b�g�b�_�f���� �\�� �^�j�m�]�h�f���±  
�i�h���g�_�^�h�k�u�s�_�g�g�h�k�l�b���d�j�_�f�g�_�a�_�f�h�f�� 

�<�� �k�b�k�l�_�f�Z�l�b�d�_�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �]�h�j�g�u�o�� �i�h�j�h�^�� �i�j�h�^�h�e�`�Z�_�l�� �n�b�]�m�j�b�j�h�\�Z�l�v�� �^�\�m�k�f�u�k�e�_�g�g�h�k�l�v�� 
�\�� �h�i�j�_�^�_�e�_�g�b�b�� �b�� �\�u�^�_�e�_�g�b�b�� �s�_�e�h�q�g�u�o�� �i�h�j�h�^���� �g�Z�q�b�g�Z�y�� �k�� �j�Z�g�g�b�o�� �d�e�Z�k�k�b�n�b�d�Z�p�b�c�� �k�Z�f�h�]�h���K�����R�_�g�^�Z��
���6�K�D�Q�G�����������������b���d�h�g�q�Z�y���k�h�\�j�_�f�_�g�g�u�f�b���d�e�Z�k�k�b�n�b�d�Z�p�b�y�f�b�����S�_�e�h�q�g�u�_���i�h�j�h�^�u�����������������F�Z�]�f�Z�l�b�q�_�k�d�b�_�«����
������������ �I�_�l�j�h�]�j�Z�n�b�q�_�k�d�b�c�� �d�h�^�_�d�k...���� �������������� �H�q�_�\�b�^�g�h���� �q�l�h�� �w�l�m�� �^�\�m�k�f�u�k�e�_�g�g�h�k�l�v�� �m�\�b�^�_�e�� �k�Z�f�� �R�_�g�^����
�i�h�k�d�h�e�v�d�m�� �m�`�_�� �\�� �j�Z�[�h�l�_�� ���6�K�D�Q�G���� ������������ �h�g�Z�� �[�u�e�Z�� �m�k�l�j�Z�g�_�g�Z�� �b�a�� �d�e�Z�k�k�b�n�b�d�Z�p�b�b���� �g�h���� �d�� �k�h�`�Z�e�_�g�b�x���� �[�_�a��
�i�h�y�k�g�_�g�b�y���f�h�l�b�\�Z�p�b�b�� 
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�I�h�y�\�e�_�g�b�_�� �\�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �i�h�j�h�^�Z�o�� �l�_�o�� �b�e�b�� �b�g�u�o�� �f�b�g�_�j�Z�e�h�\���� �j�Z�a�e�b�q�Z�x�s�b�o�k�y�� 
�i�h�� �s�_�e�h�q�g�h�k�l�b���� �^�_�l�_�j�f�b�g�b�j�m�_�l�k�y�� �i�_�l�j�h�o�b�f�b�q�_�k�d�b�f�� �i�Z�j�Z�f�_�l�j�h�f���± �k�h�h�l�g�h�r�_�g�b�_�f  �f�h�e�_�d�m�e�y�j�g�h�]�h��
�d�h�e�b�q�_�k�l�\�Z�� �$�O2O3 �k�� �k�m�f�f�h�c�� �f�h�e�_�d�m�e�y�j�g�u�o�� �d�h�e�b�q�_�k�l�\�� ���.2O + Na2O + �&�D�2������ �q�l�h�� �\�i�h�e�g�_�� �m�[�_�^�b�l�_�e�v�g�h��
�^�h�d�Z�a�Z�e�� �R�_�g�^�� �f�g�h�]�h�q�b�k�e�_�g�g�u�f�b�� �i�j�b�f�_�j�Z�f�b�� ���6�K�D�Q�G���� ������������ ������������ �������������� �H�k�l�Z�_�l�k�y�� �g�_�i�h�g�y�l�g�u�f���� �i�h��
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�g�_�a�Z�\�b�k�b�f�u�o���i�Z�j�Z�f�_�l�j�h�\�����<�h�l���i�h�w�l�h�f�m���d�e�Z�k�k�b�n�b�d�Z�p�b�y���]�h�j�g�u�o���i�h�j�h�^���^�h�e�`�g�Z���[�u�l�v���d�h�f�i�e�_�d�k�g�h�c�� 

�I�j�b�� �\�u�[�h�j�_�� �h�i�l�b�f�Z�e�v�g�h�]�h�� �i�h�^�o�h�^�Z�� �d�� �m�\�y�a�d�_�� �o�b�f�b�a�f�Z�� �i�h�j�h�^�� �k�� �b�o�� �l�\�_�j�^�h�n�Z�a�g�u�f�� �k�l�j�m�d�l�m�j�g�h-
�f�b�g�_�j�Z�e�v�g�u�f�� �h�[�e�b�d�h�f�� ���i�Z�j�Z�]�_�g�_�a�� �d�j�b�k�l�Z�e�e�h�\���± �k�f�_�k�v�� �d�j�b�k�l�Z�e�e�h�\�� �b�� �k�l�_�d�e�h�\�Z�l�h�c�� �f�Z�l�j�b�p�u���± �k�l�_�d�e�h����
�k�e�_�^�m�_�l�� �i�j�b�g�y�l�v�� �\�h�� �\�g�b�f�Z�g�b�_���� �q�l�h�� �k���]�_�g�_�l�b�q�_�k�d�h�c�� �l�h�q�d�b�� �a�j�_�g�b�y�� �f�Z�]�f�Z�l�b�q�_�k�d�b�_�� �i�h�j�h�^�u�� 
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�g�_�� �i�j�_�^�k�l�Z�\�e�y�x�l�� �k�h�[�h�c�� �i�j�h�b�a�\�h�e�v�g�m�x�� �k�f�_�k�v�� �o�b�f�b�q�_�k�d�b�o�� �w�e�_�f�_�g�l�h�\���� �Z�� �y�\�e�y�x�l�k�y�� �i�j�h�^�m�d�l�Z�f�b��
�_�k�l�_�k�l�\�_�g�g�u�o���j�Z�k�i�e�Z�\�g�h-�f�b�g�_�j�Z�e�v�g�u�o���Z�k�k�h�p�b�Z�p�b�c�����g�h���k���d�h�g�l�j�h�e�b�j�m�_�f�u�f�b �g�Z���\�k�_�o���k�l�Z�^�b�y�o���w�\�h�e�x�p�b�b��
�l�_�j�f�h�^�b�g�Z�f�b�q�_�k�d�b�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b �b�� �a�Z�d�h�g�Z�f�b�� �n�b�a�b�q�_�k�d�h�c�� �o�b�f�b�b���� �G�Z�� �k�l�Z�^�b�b�� �]�_�g�_�j�Z�p�b�b�� �f�Z�]�f�u��
�k�h�k�l�Z�\�� �j�Z�k�i�e�Z�\�Z�� �\�� �h�[�s�b�o�� �q�_�j�l�Z�o�� �i�j�_�^�h�i�j�_�^�_�e�_�g�� �n�Z�a�h�\�u�f�� �k�h�k�l�Z�\�h�f�� �d�j�b�k�l�Z�e�e�b�q�_�k�d�h�]�h�� �k�m�[�k�l�j�Z�l�Z�� �b�� 
Р-Т-�m�k�e�h�\�b�y�f�b�� �\�� �a�h�g�_�� �i�e�Z�\�e�_�g�b�y���� �Z�� �g�Z�� �k�l�Z�^�b�b�� �d�j�b�k�l�Z�e�e�b�a�Z�p�b�b�� �\�� �f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �d�Z�f�_�j�Z�o��
�\�u�^�_�e�y�x�s�b�_�k�y�� �b�a�� �j�Z�k�i�e�Z�\�Z���f�b�g�_�j�Z�e�v�g�u�_�� �n�Z�a�u, �\�� �k�\�h�x�� �h�q�_�j�_�^�v, �i�j�_�^�h�i�j�_�^�_�e�_�g�u�� �h�[�s�b�f�� �k�h�k�l�Z�\�h�f��
�f�Z�]�f�u�� �b�� �n�b�a�b�d�h-�o�b�f�b�q�_�k�d�b�f�b�� �m�k�e�h�\�b�y�f�b�� �k�l�Z�[�b�e�v�g�h�k�l�b�� �k�l�j�h�]�h�� �h�i�j�_�^�_�e�_�g�g�u�o�� �f�b�g�_�j�Z�e�v�g�u�o��
�i�Z�j�Z�]�_�g�_�a�h�\���� �K�e�_�^�h�\�Z�l�_�e�v�g�h���� �g�_�l�� �k�f�u�k�e�Z�� �j�Z�k�k�f�Z�l�j�b�\�Z�l�v�� �\�k�_�� �\�h�a�f�h�`�g�u�_�� �d�h�f�[�b�g�Z�p�b�b�� �w�e�_�f�_�g�l�h�\��
�l�Z�[�e�b�p�u�� �F�_�g�^�_�e�_�_�\�Z���� �^�h�k�l�Z�l�h�q�g�h�� �h�]�j�Z�g�b�q�b�l�v�� �h�[�t�_�d�l�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �k�l�Z�g�^�Z�j�l�g�u�f�� �d�h�g�_�q�g�u�f�� �g�Z�[�h�j�h�f��
�f�h�^�_�e�v�g�u�o�� �l�\�_�j�^�u�o�� �n�Z�a���� �k�l�Z�[�b�e�v�g�h�_�� �k�m�s�_�k�l�\�h�\�Z�g�b�_�� �d�h�l�h�j�u�o�� �\�� �a�Z�^�Z�g�g�h�f�� �^�b�Z�i�Z�a�h�g�_�� �l�_�f�i�_�j�Z�l�m�j��
���m�k�e�h�\�g�h���± �h�l�� ���� �^�h�� �������� �ƒ�K�����b�� �^�Z�\�e�_�g�b�c��(�h�l�� ���� �^�h�� ���� �������� �[�Z�j���� �^�h�d�Z�a�Z�g�h�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�� �b�e�b�� �i�m�l�_�f��
�g�Z�[�e�x�^�_�g�b�c�� �i�j�b�j�h�^�g�u�o�� �i�h�j�h�^�g�u�o�� �k�_�j�b�c���� �L�Z�d�h�c�� �i�h�^�o�h�^�� �d�� �i�_�l�j�h�o�b�f�b�q�_�k�d�h�c�� �k�b�k�l�_�f�Z�l�b�d�_�� �[�u�e��
�j�_�Z�e�b�a�h�\�Z�g�� �\�i�_�j�\�u�_�� �\�� �g�Z�q�Z�e�_�� �O�O�� �\. �Z�f�_�j�b�d�Z�g�k�d�b�f�b�� �i�_�l�j�h�e�h�]�Z�f�b�� �D�j�h�k�k�h�f���� �B�^�^�b�g�]�k�h�f���� �I�b�j�k�h�f�� �b��
�<�Z�r�b�g�]�l�h�g�h�f�� ��Cross et al., 190�������� �i�h�i�u�l�Z�\�r�b�f�b �i�j�_�^�k�l�Z�\�b�l�v�� �\�k�x�� �k�h�\�h�d�m�i�g�h�k�l�v�� �]�e�Z�\�g�u�o���l�b�i�h�\��
�f�Z�]�f�Z�l�b�q�_�k�d�b�o�� �i�h�j�h�^�� �d�Z�d�� �d�h�f�[�b�g�Z�p�b�x�� �b�a�� ������ �k�l�Z�g�^�Z�j�l�g�u�o�� �f�b�g�Z�e�h�\�� ���m�i�j�h�s�_�g�g�u�o�� �f�h�^�_�e�v�g�u�o��
�w�d�\�b�\�Z�e�_�g�l�h�\�� �j�_�Z�e�v�g�u�o�� �f�b�g�_�j�Z�e�h�\�� �b�e�b�� �b�o�� �k�h�k�l�Z�\�e�y�x�s�b�o���� �\�� �k�e�m�q�Z�_�� �g�Z�e�b�q�b�y�� �l�\�_�j�^�u�o�� �j�Z�k�l�\�h�j�h�\������
�Q�l�h�[�u�� �h�o�\�Z�l�b�l�v�� �\�k�_�� �f�g�h�]�h�h�[�j�Z�a�b�_�� �]�h�j�g�u�o�� �i�h�j�h�^���� �k�l�Z�\�r�b�o�� �b�a�\�_�k�l�g�u�f�b�� �i�_�l�j�h�]�j�Z�n�b�b���d�� �d�h�g�p�m�� �\�_�d�Z��
���[�h�e�_�_�� ���� �������� �\�b�^�h�\�� �b�� �j�Z�a�g�h�\�b�^�g�h�k�l�_�c������ �Z�\�l�h�j�h�f�� �g�Z�k�l�h�y�s�_�c�� �j�Z�[�h�l�u�� �g�Z�q�Z�e�v�g�u�c�� �k�l�Z�g�^�Z�j�l�g�u�c�� �g�Z�[�h�j��
�f�b�g�Z�e�h�\�� �[�u�e�� �^�h�i�h�e�g�_�g�� �^�h�� ������ �d�h�f�i�h�g�_�g�l�h�\�� ���k�f�����l�Z�[�e�� �������� �K�h�h�l�\�_�l�k�l�\�_�g�g�h�� �[�u�e�Z�� �f�h�^�b�n�b�p�b�j�h�\�Z�g�Z��
�k�b�k�l�_�f�Z�� �j�Z�k�q�_�l�Z�� �f�b�g�Z�e�v�g�h�]�h�� �i�Z�j�Z�]�_�g�_�a�Z�� �i�h�j�h�^�� �i�h�� �j�_�a�m�e�v�l�Z�l�Z�f�� �b�o���o�b�f�b�q�_�k�d�h�]�h�� �Z�g�Z�e�b�a�Z: �\�f�_�k�l�h��
�i�h�e�m�q�b�\�r�_�c�� �f�b�j�h�\�h�_�� �i�j�b�a�g�Z�g�b�_�� �k�b�k�l�_�f�u��CIPW �\�� �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�m�x�� �i�j�Z�d�l�b�d�m�� �\�\�_�^�_�g�Z�� �k�b�k�l�_�f�Z��
CIPWD ���>�m�[�j�h�\�k�d�b�c�������������Z������ 

Таблица 1 

�K�i�b�k�h�d���g�h�j�f�Z�l�b�\�g�u�o���f�b�g�Z�e�h�\���k�b�k�l�_�f�u���i�_�j�_�k�q�_�l�Z���&�,�3�:�' 
 

�‹��  
�i���i �F�b�g�Z�e �K�b�f�\�h�e �N�h�j�f�m�e�Z �F�h�e�_�d�m�e�y�j�g�u�c���\�_�k 

1 2 3 4 5 
�©�:�d�p�_�k�k�h�j�g�u�_�ª���f�b�g�Z�e�u 

1 �:�i�Z�l�b�l ap 3CaO�ÂP2O5�Â0.33CaF2 336.31 
2 �G�Z�l�j-�Z�i�Z�l�b�l Na-ap 3Na2O�ÂP2O5�Â0.33Na2F2 355.734 
3 �=�Z�e�b�l hl NaCl  58.44 
4 �L�_�g�Z�j�^�b�l th Na2SO4 142.05 
5 �I�b�j�b�l pr FeS2 120 
6 �P�b�j�d�h�g z ZrO2�ÂSiO2 183.28 
7 �;�Z�^�^�_�e�_�b�l bd ZrO2 123.22 
8 �O�j�h�f�b�l cm FeO�ÂCr2O3 223.86 
9 �N�e�x�h�j�b�l fr CaF2  78.1 
10 �<�b�e�e�b�h�f�b�l vl NaF 41.988 
11 �D�Z�e�v�p�b�l cc CaO�ÂCO2 100.091 
12 �G�Z�l�j-�d�Z�j�[�h�g�Z�l nc Na2O�ÂCO2 106.005 
13 �D�Z�e�b-�d�Z�j�[�h�g�Z�l kc K2O�ÂCO2 138.211 
14 �F�Z�]�g�_�a�b�l mc MgO�ÂCO2  84.331 
15 �K�b�^�_�j�b�l fc FeO�ÂCO2 116.001 
16 �B�e�v�f�_�g�b�l ilm FeO�ÂTiO2 151.74 
17 �J�m�l�b�e ru TiO2  79.90 
18 �F�Z�]�g�_�l�b�l mt FeO�ÂFe2O3 231.55 
19 �=�_�f�Z�l�b�l hm Fe2O3 159.68 
20 �L�b�l�Z�g�b�l tn CaO�ÂTiO2�ÂSiO2 196.04 
21 �I�_�j�h�\�k�d�b�l pf(prv) CaO�ÂTiO2 135.98 

  














































































































































































































































































































