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:��,��%HONRYVNLy, Ya. A. Belkovskaya, I. N. Loktina

MINERALOGY AND GEOCHEMISTRY OF APOGABBRO
BLASTOMYLONITES

OF THE UFALEY METAMORPHIC BLOCK

 Original data on petrography, petrochemistry, mineralogy, and
geochemistry of apogabbro blastomylonites of the Ufaley metamorphic block
are given. It is established that investigated blastomylonites are metamorphites
of disthen-andalusite-sillimanitic series significantly enriched in rare earthes
elements, so they may be placed into riftogenous formations.

AZiZ^gZy� qZklv� MnZe_ckdh]h� f_lZfhjnbq_kdh]h� [ehdZ

ij_^klZ\e_gZ� jZaebqgufb� ih� khklZ\m b�nZpbZevghc� ijbgZ^e_`-
ghklb� >�@�[eZklhfbehgblZfb��keZ]Zxsbfb�^\_�djmigu_�l_dlhgb-
q_kdb_�ieZklbgu�²�mdZaZjkdmx�b�_]mklbgkdmx� �jbk�� ����Bgl_j_-
kmxsZy�gZk�_]mklbgkdZy�ieZklbgZ�keh`_gZ�hqdh\ufb�Zih]Z[[jh-
\ufb� Zfnb[heblZfb� b� j_adh� ih^qbg_ggufb� bf� ibjhdk_g�

Zfnb[heh\ufb� b� Zfnb[heh\ufb� f_lZ]Z[[jhb^Zfb� �lZ[e�� ��

Zg���—����AZiZ^guc�djZc�ieZklbgu��\�madhc�����²��df��km[f_jb-
^bhgZevghc�ihehk_��jZkl_jl�b�ij_\jZs_g�\�lhgdhihehkqZlu_�f_e-
dha_jgbklu_� [eZklhfbehgblu� wib^hl�Zfnb[he�ieZ]bhdeZah\h]h

khklZ\Z� �lZ[e�� ��� ZgZebau� �²����<�[eZklhfbehgblZo�hlf_qZxlky

fgh]hqbke_ggu_� f_edb_� l_eZ� e_cdhdjZlh\uo� f_edha_jgbkluo

ieZ]bh]g_ckh]jZgblh\� �lZ[e�����Zg���²���b�^h\hevgh�djmigu_�ih

jZaf_jZf� ����²����f_ljh\�ih�fhsghklb��ieZklh\u_� l_eZ� hqdh-
\uo� e_cdhdjZlh\uo� hjlblkh^_j`Zsbo� 1Z�� b� NZ�]g_ckh]jZgblh\
�lZ[e�� ��� Zg�� �²���� :ih]Z[[jh\u_� f_lZfhjnblu� hl^_e_gu� hl

a_e_ghkeZgp_\uo� [eZklhfbehgblh\� mdZaZjkdhc� ieZklbgu� ;eZr-
lbgkdbf� jZaehfhf�� d� dhlhjhfm� ijbmjhq_gh� h^gh� ba� gZb[he__

djmiguo�l_e�hqdh\uo�]g_ckh]jZgblh\��<aZbfhhlghr_gby�]hjguo

ihjh^�bamq_gghc�qZklb�jZaj_aZ�ihdZaZgu�gZ�jbkmgd_����Baf_g_gb_

fbg_jZevgh]h� khklZ\Z� [eZklhfbehgblh\� beexkljbjm_lky

^_lZevguf�  hibkZgb_f� ebgbb�  ]hjguo�  \ujZ[hlhd�  �\kdju\rbo
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Jbk��1��=_heh]bq_kdbc�jZaj_a�q_j_a�aZiZ^gmx�qZklv�MnZe_ckdh]h�f_lZfhjnbq_kdh]h�[ehdZ��fZkrlZ[�� : 10 000).
��²�a_e_ghkeZgp_\u_�[eZklhfbehgblu�^bkl_g�Zg^Zemablh\hc�nZpbZevghc�k_jbb��mdZaZjkdZy�ieZklbgZ���²��²�_]mklbgkdZy

ieZklbgZ:
2 — Zih]Z[[jh\u_�[eZklhfbehgblu�^bkl_g�Zg^Zemabl�kbeebfZgblh\hc�nZpbZevghc�k_jbb,����²�wib^hablu�b�d\Zjp_\u_�wib^hablu, 4
²� e_cdhdjZlh\u_� f_edha_jgbklu_� `bevgu_� ieZ]bh]g_ckh]jZgblu� [bhlbl�Zggblh\u_� b� [bhlbl�n_g]blh\u_,� �� ²� e_cdhdjZlh\u_

f_edh�kj_^g_a_jgbklu_� hqdh\u_� ieZ]bh�� b� ]g_ckh]jZgblu� [bhlbl�Zggblh\u_� b� n_g]blh\u_� hjlblkh^_j`Zsb_� �©dhaeh\h]hjkdb_ª

]jZgblu�ih�>��K��;_eygdbgm�>�@�,���²�ieZ]bhdeZablu;���²�q_l\_jlbqgu_�hleh`_gby����²�;eZrlbgkdbc�jZaehf����²�l_dlhgbq_kdh_

gZjmr_gb_��hl^_eyxs__�Zih]Z[[jh\u_�[eZklhfbehgblu�hl�Zih]Z[[jh\uo�Zfnb[heblh\�p_gljZevghc�qZklb�_]mklbgkdhc�ieZklbgu�
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LZ[ebpZ��
Obfbq_kdbc�khklZ\��fZc������Zih]Z[[jh\uo�Zfnb[heblh\

b�[eZklhfbehgblh\�ih�gbf
Dhfi� 1 2 3 4 5 6 7

SiO2 50.09 47.49 50.25 47.98 45.48 49.44 49.10

TiO2 1.81 3.41 2.40 2.70 3.40 2.30 2.52

ZrO2 0.027 0.021 0.030 0.014 0.020 G��hij� G��hij�

Kr2Oa 0.012 0.004 0.010 0.010 0.020 0.020 0.010

:�2O3 14.39 12.44 14.87 14.17 15.44 13.91 14.23

F_2Oa 3.50 4.50 7.88 6.09 6.20 2.76 4.44

F_H 8.71 11.16 6.12 7.70 8.00 9.04 9.34

FnH 0.11 0.25 0.20 0.13 0.13 0.16 0.21

FgO 6.86 6.50 4.24 6.03 6.70 6.67 6.70

KZH 9.92 8.69 6.98 9.19 8.03 8.90 8.97

1Z2 O 2.82 3.45 3.58 3.14 3.13 3.82 2.48

K2O 0.67 0.90 1.42 0.81 0.67 0.73 0.23

J2 O 5 0.20 0.30 0.20 0.21 0.25 0.25 0.33

V2O5 0.064 0.072 0.06 0.05 0.06 0.06 0.07

I��i��ij� 1.35 0.77 1.86 2.28 2.62 1.65 1.53

KmffZ 100.52 99.95 100.10 100.50 100.15 99.71 100.16

F 49.2 56.8 63.5 55.1 53.2 49.3 49.0

KZH

KZH�FgO
51.0 49.0 54.2 52.3 46.3 50.0 49.0

Rb 2 2 2 1.5 1.5 2 -I

Sr G_�hij� G_�hij� 350 303 362 353 308

<Z - - 250 190 188 270 210

LZ 10 - 25 18 13 28 25

K_ 10 - 50 45 45 70 70

Y 5 - 35 40 35 35 45

Yt 1 - 2 1 2 2 3

Zr 80 - 200 160 180 220 210

Nb 10 - 40 51 45 46 36

LZ
 10 8 40 33 28 40 22

K_ 10 8 54 48 56 50 60

Sm 10 8 6 10 10 12 7

?u 1.2 1.4 1.0 1.0 1.3 1.6 2.8

Lb 1 1 2 1 2 2 1
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Ijbf_qZgb_: :gZebau�� �� ²�Zih]Z[[jh\u_�Zfnb[heblu��kj_^g__

ba����ZgZebah\�����²�l_�`_�Zfnb[heblu�jm^gu_��bevf_gblh\u_���3—4 —
[eZklhfbehgblu�ih�Zih]Z[[jh\uf�Zfnb[heblZf��h[j���²����ebgby�����

rmjnu��������b������� ���²�l_�`_�[eZklhfbehgblu�ih�jm^guf�Zih]Z[-
[jh\uf�Zfnb[heblZf,�rmjn��������� ��²��²�[eZklhfbehgblu�ih�Zih-
]Z[[jh\uf� Zfnb[heblZf�� h[gZ`_gb_��� ����� \� ��� df� gZ�x]� hl� ihk_edZ

Gb`gbc�MnZe_c� ih� \gmljb\_^hfkl\_gghc� ^hjh]_� gZ� ]hjh^�Durluf�� \

����f�gZ�x]�hl�i_j_k_q_gby�^hjh]hc�j_qdb�>he]h[jh^db��\hklhqgZy�kl_g-
dZ� ^hjh`ghc� \u_fdb��:gZebau� \uiheg_gu� \�P_gljZevghc� obfbq_kdhc

eZ[hjZlhjbb�IH� ©MjZe]_heh]byª��ZgZeblbd�G��N��Dhehkh\Z�� �LZ��K_��Y,
Zr, Nb��]�l��²�dhebq_kl\_gguf�ki_dljZevguf�ZgZebahf�\�Bgklblml_�]_h-
eh]bb�b� ]_hobfbb�MjH�J:G:  Rb, Sr��<Z� �]�l��²j_gl]_ghnexhj_kp_gl-
guf�ZgZebahf�gZ�FRA����lZf�`_����LZ,�K_, Sm,�?u,�Lb��]�l��²�g_cljhggh�

Zdlb\Zpbhgguf� ZgZebahf� \� IH� ©MjZe]_heh]byª�� F = F_H�Fe2O3

/FeO+Fe2O 3+FgO %.

aZiZ^gmx�qZklv�jZaj_aZ��^hdmf_glZpby�ijh\_^_gZ�k�aZiZ^Z�gZ�\hk-
lhd��jZkklhygb_�f_`^m�]hjgufb�\ujZ[hldZfb�²�����f_ljh\��h[-
s__� iZ^_gb_� ]hjguo� ihjh^� K<� ��²��� ]jZ^mkh\�� m]he� iZ^_gby

��²���]jZ^mkh\��kf��jbk�����

Rmjn���������=em[bgZ�����f��LhgdhihehkqZlu_�f_edha_j-
gbklu_� wib^hl�ieZ]bhdeZa�Zfnb[heh\u_� [eZklhfbehgblu

�Wi���Ie���:fnk�a_e��±���;bdhj�Jmlq_jg�� k� j_ebdlZfb� hqdh\uo

Zih]Z[[jh\uo�[eZklhfbehgblh\�

Rmjn� �� ������ =em[bgZ� ���� f�� Hqdh\u_� e_cdhdjZlh\u_

f_edh�kj_^g_a_jgbklu_�ieZ]bh]g_ckh]jZgblu�n_g]blkh^_j`Zsb_

k�`beZfb��^h����kf��fbdjha_jgbklh]h�©de__\b^gh]hª�d\ZjpZ�

Rmjn��� ������ =em[bgZ� ���� f�� LhgdhihehkqZlu_� f_edh�

a_jgbklu_� wib^hl�Zfnb[he�Zev[bl�d\Zjp_\u_� [eZklhfbeh�

gblu� kn_gkh^_j`Zsb_� �Ie�Wi���:fnk�a_e25–���Kn�±��[;bdhj1–2]
�Oek/a_e��±��D\��–2).

Rmjn� �� ������ =em[bgZ� ���� f�� Wib^hl�ieZ]bhdeZa�Zfn�

[heh\u_� [eZklhfbehgblu� kn_gkh^_j`Zsb_� �Wi���Ie���[:fnk�a_e
40]�Kn���k�ihkehcgufb�bgt_dpbyfb�e_cdhdjZlh\uo�f_edha_jgb-
kluo�ieZ]bh]g_ckh]jZgblh\�

Rmjn���������=em[bgZ�����f��L_�`_�[eZklhfbehgblu�[bh-
lblbabjh\Zggu_� �:fnk�a_e���Ie���Wi���;bdhj���� k� ihkehcgufb

bgt_dpbyfb� e_cdhdjZlh\uo� f_edha_jgbkluo� ieZ]bh]g_ckh�

]jZgblh\�

Rmjn� �� ������ =em[bgZ� ���� f�� L_� `_� [eZklhfbehgblu

kn_gkh^_j`Zsb_� �Wi���:fnk�a_e� ���Ie���;bdhj��±���� k�ihkehc-
gufb� bgt_dpbyfb� ���²��� kf�� e_cdhdjZlh\uo� f_edha_jgbkluo

ieZ]bh]g_ckh]jZgblh\�n_g]blkh^_j`Zsbo�

Rmjn� �� ������ =em[bgZ� ���� f�� Hqdh\u_� f_edha_jgbk�

lu_�ieZ]bh]g_ckh]jZgblu�n_g]blkh^_j`Zsb_��Zdp_kkhjgu_²�[m�
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LZ[ebpZ��

Obfbq_kdb_�ZgZebau��fZk������`bevguo�ieZ]bh]g_ckh]jZgblh\
b�hqdh\uo�km[s_ehqguo�]g_ckh]jZgblh\

Dhfi� 1 2 3 4 5 6 7 8 9

SiO2 74.96 74.68 76.88 74.40 74.79 75. 14 76. 15 75.60 73.94
LiO2 0.20 0.26 0.13 0.40 0.33 0.26 0.18 0.17 0.16

:�2O3 12.16 14.43 12.68 12.47 13.05 12.96 12.16 12.60 12.06

Kr2O3 0.0021 0.0011 0.0019 0.0018 0.0020 0.0010Ke� 0.0018 0.0021

F_2O3 0.20 0.68 1.00 1.14 0.47 0.70 0.79 1.00 0.87

F_H 3.94 0.83 1.36 1.36 1.69 1.64 1.00 1.06 2.96

FnH 0.04 0.03 0.02 0.04 0.02 0.03 0.01 0.04 0.04

FgO 0.40 0.24 Ke� 0.83 0.85 0.46 0.20 0.26 0.25

KZH 1.10 1.95 0.92 2.64 0.92 1.51 0.11 0.50 0.56

1Z2O 5.80 5.89 5.68 5.35 5.75 5.69 3.65 3.97 4.46

K2O 0.62 0.21 1.03 0.18 1.13 0.63 4.08 4.26 4.14

J2O5 0.06 0.06 0.09 0.11 0.03 0.07 Ke� Ke� Ke�

V2O5 Ke� Ke� Ke� Ke� Ke� Ke� Ke� 0.02 Ke�

Nb2O 0.010 0.010 0.009 0.006 0.009 0.007 0.018 0.015 0.011

LZ2O5 0.0006 0.0002 0.0007 0.0002 0.0009 0.0005 0.0017 0.0012 0.0016

I�i�i� 0.22 0.63 0.37 0,63 0.59 0.69 0.97 0.20 0.20

KmffZ 99.70 99.89 100.16 99.95 99.59 99.78 99.30 99.68 99.58

F 85.3 77.2 100.0 61.7 41.8 73.5 82.6 80.9 89.4

Ijbf_qZgby:� :gZebau�� � �²�� ²� e_cdhdjZlh\u_� f_edha_jgbklu_

`bevgu_�ieZ]bh]g_ckh]jZgblu�[bhlblh\u_�b�[bhlbl�n_g]blh\u_��lhq_qgu_

ijh[u�]hjguo�ihjh^�hlh[jZgu�� �ZgZebau��²��²�rmjnu����������������

������� khhl\_lkl\_ggh�� ihbkdh\Zy� ebgby��� �;� � ZgZebau� �²�� ²�rmjnu

���� ����� b� ������ ihbkdh\Zy� ebgby��� �;  �� ²� kj_^g__� ZgZebah\� �²�;
�²�� ²� e_cdhdjZlh\u_� f_edh�kj_^g_a_jgbklu_� hqdh\u_� ]g_ckh�]jZgblu

[bhlblh\u_,� [bhlbl�n_g]blh\u_�� n_g]blh\u_� hjlblkh^_j`Zsb_� �©dhaeh�
\h]hjkdb_ª� ]jZgblu�ih� >�@��� lhq_qgu_� ijh[u� hlh[jZgu�� � ZgZebau� �²��²

rmjnu����������������b��������ihbkdh\u_�ebgbb�3�b����kf��jbk�����

juc�Zgbahljhiguc�hjlbl��wib^hl��pbjdhg��fZ]g_lbl�b�ibjbl��hd-
\Zjph\Zggu_�b�Zev[blbabjh\Zggu_��k�ijh`bedZfb���²��kf��fbd-
jha_jgbklh]h�©de__\b^gh]hª�d\ZjpZ�

Rmjn��� ������=em[bgZ� ����f��Hqdh\u_�f_edh�kj_^g_a_j�

gbklu_�]g_ckh]jZgblu�hjlblkh^_j`Zsb_� �Zdp_kkhjgu_�²�[mjuc

[bhlbl��k\_leh�a_e_guc�n_g]bl��[mjuc�Zgbahljhiguc�hjlbl��k\_l-
eh�nbhe_lh\uc�b�[_kp\_lguc�nexhjbl��wib^hl��fZ]g_lbl��Zev[b-
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lbabjh\Zggu_��nexhjblbabjh\Zggu_�b�hd\Zjph\Zggu_�k�k_dmsb-
fb�ijh`bedZfb�fbdjha_jgbklh]h�k_jh]h�b�k\_leh�k_jh]h�d\ZjpZ�

Rmjn� �� ������ =em[bgZ� ���� f�� Hqdh\u_� e_cdhdjZlh�

\u_� kj_^g_�f_edha_jgbklu_� hjlblkh^_j`Zsb_� ]g_ckh]jZgb�

lu� Zev[blbabjh\Zggu_� ��Fdj��±���D\��±���Ie���N_g�;bq_jg+
Hj[mj�Wi�Fl�Pbj��

Rmjn���������=em[bgZ����f��E_cdhdjZlh\u_�f_edha_jgb-
klu_�ieZ]bhdeZablu��:dp_kkhjgu_�²�:gq_jg�Hjl[mj�Wi�Kn�D\�

Ibj�Oibj�

Rmjn���������=em[bgZ�����f��LhgdhihehkqZlu_�f_edha_j-
gbklu_� wib^hl�ieZ]bhdeZa�Zfnb[heh\u_� [eZklhfbehgblu� kn_g-
kh^_j`Zsb_� [bhlblbabjh\Zggu_� �Wi���Ie���:fnk�a_e40+
[;bdhj5–10]�Kn���²����� k� `beZfb� ���²��� kf�� k\_leh�k_jh]h

f_edha_jgbklh]h�d\ZjpZ�

Rmjn���������=em[bgZ�����f��L_�`_�[eZklhfbehgblu�[bh-
lblbabjh\Zggu_� �kh^_j`Zgb_�dZrlZgh\h]h�b�dhjbqg_\h]h� ]b^jh-
[bhlblZ� ��²��� h[�� � ��� k� lhgdbfb� bgt_dpbyfb� e_cdhdjZlh\uo

f_edha_jgbkluo�ieZ]bh]g_ckh]jZgblh\�n_g]blkh^_j`Zsbo�

Rmjn���������=em[bgZ�����f��F_edha_jgbklu_�ieZ]bhdeZ-
ablu�[bhlblkh^_j`Zsb_��:[���;bq_jg�±��Wi�Oe�Ibj��

Rmjn���������=em[bgZ�����f��LhgdhihehkqZlu_�f_edha_j-
gbklu_� ]jZgZl�wib^hl�ieZ]bhdeZa�Zfnb[heh\u_� [eZklhfbehgblu

�Wi��Ie���:fnk�a_e���;bdhj�±��Fl�Ibj�� k� j_ebdlh\ufb� mqZkl-
dZfb� ZihZfnb[heblh\uo� fb]fZlblh\� �=j��:fnkbg�a_e���Ie��

+D\�� k� bgt_dpbyfb� e_cdhdjZlh\uo� f_edha_jgbkluo� ieZ]bh�
]g_ckh]jZgblh\�[bhlblkh^_j`Zsbo�

Rmjn��������=em[bgZ�����f��E_cdhdjZlh\u_�f_edha_jgb-
klu_� ieZ]bh]g_ckh]jZgblu� [bhlblkh^_j`Zsb_� �Ie�D\�;bl�dhj
�N_g��

 Rmjn��������=em[bgZ�����f��LhgdhihehkqZlu_�f_edha_j-
gbklu_� [bhlbl�wib^hl�ieZ]bhdeZa�d\Zjp_\u_� [eZklhfbehgblu

�[mjuc� \ukhdh`_e_abkluc� ]b^jh[bhlbl�Fe2O3 17.00;� �FnH� ����;
Fg0 4.75;  CaO 0.50; F=66. 6)�k�fgh]hqbke_ggufb�`beZfb�wib^h-
ablh\�b�d\Zjp_\uo�wib^hablh\�

Rmjn��������=em[bgZ�����f��E_cdhdjZlh\u_�f_edha_jgb-
klu_�ieZ]bh]g_ckh]jZgblu�Zggblkh^_j`Zsb_� �Ie�D\�Fg�:gq_jg�
3—5:  F_2O3 16.22:  F_H������� �FiH������� �FgO������� �KZH������
F = 7����fhe���%:  f = 0.62  %:  n g = n m =��������k�k_dmsbfb�`beZ�
fb� �^h� ��� kf�� d\Zjp_\uo� wib^hablh\� b� k\_leh�k_jh]h� fbdjh�

a_jgbklh]h�d\ZjpZ�

Rmjn���������=em[bgZ�����f��LhgdhihehkqZlu_�f_edha_j-
gbklu_���ieZ]bhdeZa�Zfnb[heh\u_��[eZklhfbehgblu��jmlbekh^_j-
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`Zsb_��Ie�� +�:fnk�a_e59–60 +�Jmlq_jg +�Jmldhj1.5–2.5 +�Wi +�;b[mj)� k
j_ebdlZfb�hqdh\uo�Zih]Z[[jh\uo�Zfnb[heblh\�

Rmjn� �� ������ =em[bgZ� ���� f�� L_� `_� [eZklhfbehgblu

(Ie�:fnk/a_e�Jmlq_jg1.5+=j�:i�Wi�D\�;bdhp�Kn�� k� kh]eZkgufb
bgt_dpbyfb e_cdhdjZlh\uo� f_edha_jgbkluo� ieZ]bh]g_ckh�

]jZgblh\�[bhlblkh^_jsbo�

Rmjn� �� ������ =em[bgZ� ���� f�� L_� `_� [eZklhfbehgblu

(Ie�:fnk�a_e�Jmlq_jg+Jmldhj���±����;bdhj�� k� j_ebdlZfb� hqdh\uo
Zih]Z[[jh\uo�Zfnb[heblh\�

KhdjZs_gby�� �:fnkbg�a_e�²�jh]h\Zy�h[fZgdZ� kbg_�a_e_gZy,
;bdhj��²�[bhlbl�dhjbqg_\uc��Fg�:gq_jg�²�fZ]g_abZevguc�Zggbl

q_jguc��Ie —�ieZ]bhdeZa��:[ — Zev[bl��Zev[bl�heb]hdeZa, :g�²
Zghjlbl, D\� ²� d\Zjp�� :i� ²� ZiZlbl�� Hj[mj� ²� hjlbl� [mjuc,
Pbj�²�pbjdhg,�Fl²�fZ]g_lbl,�Jmlq_jg�dhj�²�jmlbe�q_jguc�b�dh-
jbqg_\uc,�N_g�²�n_g]bl��Kn�²�kn_g,�Oe�²�oehjbl,�Ibj�²�ib-
jbl��Oibj�²�oZevdhibjbl,��Wi���²�kh^_j`Zgb_�wib^hlZ�\�ihjh^_

���h[�����b��l��^�

Ba� ijb\_^_ggh]h� hibkZgby� hq_\b^gh�� qlh� ^\modbehf_ljh-
\Zy�dhglZdlgZy�ahgZ�_]mklbgkdhc�ieZklbgu�ij_^klZ\e_gZ�q_jgufb

b� l_fgh�a_e_gufb� lhgdhihehkqZlufb�f_edha_jgbklufb� ihjh^Z-
fb� hkgh\gh]h� khklZ\Z�� oZjZdl_jbamxsbfbky� mklhcqb\uf� fbg_-
jZevguf�iZjZ]_g_abkhf� �h[�� ����� � kbg_�a_e_gZy�jh]h\Zy�h[fZgdZ

��²����ieZ]bhdeZa���²���b�wib^hl���²����<�_^bgbqguo�h[jZa-
pZo�mklZgh\e_g�]jZgZl��²�����Ba�\lhjbqguo�fbg_jZeh\�ke_^m_l

hlf_lblv�[bhlbl��Zggbl��oehjbl�b�d\Zjp��:dp_kkhjgu_�fbg_jZeu

ij_^klZ\e_gu� jmlbehf��fZ]g_lblhf�� ZiZlblhf�� ibjblhf�� oZevdh-
ibjblhf�� KljmdlmjZ� ihjh^� ²� g_fZlh]jZgh[eZklh\Zy�� e_ib^hg_-
fZlh]jZgh[eZklh\Zy��L_dklmjZ�²� ihehkqZlZy�� h[mkeh\e_ggZy� q_-
j_^h\Zgb_f� lhgdbo� ����²����ff��ihehk�� keh`_gguo�jh]h\hc�h[-
fZgdhc��jh]h\hc�h[fZgdhc�b�wib^hlhf��ieZ]bhdeZahf�b�d\Zjp_f�

Ihjh^hh[jZamxsZy� jh]h\Zy� h[fZgdZ� gZ[ex^Z_lky� \� \b^_

f_edbo� ���� ×����� ff�� ^ebgghijbafZlbq_kdbo� djbklZeeh\�� \uly-
gmluo� kh]eZkgh� k� djbklZeebaZpbhgghc� keZgp_\Zlhklvx� ihjh^�

Ie_hojhbjm_l�hl�yjdh�kbg_�a_e_gh]h�ih�Ng�^h�`_elh�a_e_gh]h�ih
1j�� IhdZaZl_eb� ij_ehfe_gby� b� khhl\_kl\_ggh� \_ebqbgZ� h[s_c

`_e_abklhklb� dhe_[exlky� \� madbo� ij_^_eZo�� � ng� ²� hl� ������ ^h

������b�F�²�hl� ���^h� ���fhe.  % (lZ[e�� �²����Ih�obfbq_kdhfm

khklZ\m� hlghkblky� d� gbadhdZeb_\hc�`_e_ah�fZ]g_abZevghc� jh]h-
\hc�h[fZgd_��lZ[e���²����Ih�fgh]bf�oZjZdl_jbklbdZf�hgZ�hdZaZ-
eZkv� [ebadhc� d� ]hem[h\Zlh�a_e_guf� Zfnb[heZf� ba� f_lZ]Z[[jh�

^bZ[Zah\�mdZaZjkdhc�ieZklbgu�� dhlhju_�ih�J�L�mkeh\byf� oZjZd-
l_jbamxlky�dZd�gbadh[Zjbq_kdb_�[eZklhfbehgblu�^bkl_g�Zg^Zem�

LZ[ebpZ��
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Hilbq_kdb_�k\hckl\Z�b�j_gl]_gh\kdb_�dhgklZglu��Å) jh]h\uo
h[fZghd�ba�Zih]Z[[jh\uo�[eZklhfbehgblh\

DhgklZglu 1 2 3 4 5 6 7

ng 1.669 1.671 1.675 1.682 1.675 1.666 1.674
nj 1.651 1.654 1.656 1.662 1.656 1.647 1.654
ng – nj 0.018 0.017 0.019 0.020 0.019 0.019 0.019
c : Ng, 20 18 20 18 16 18 18
Zh 9.841 9.840 9.844 9.835 9.837 9.827 9.837
bh 18.057 18.056 18.056 18.058 18.060 18.058 18.057
kh 5.315 5.316 5.318 5.317 5.319 5.316 5.317

β��]jZ^� 104°59' 105°01' 104°59' 104°56' 104°59' 104°59' 104°59'
V, Å3 912.6 912.3 913.1 912.4 912.8 911.2 912.4

Ijbf_qZgb_:� �²�� ²� khhl\_lkl\mxl� ghf_jZf� \� lZ[ebpZo� �²��

HdjZkdZ�ih�Ng�kbg_�a_e_gZy.

LZ[ebpZ��

Obfbq_kdb_�ZgZebau��fZk�������dhwnnbpb_glu�F – f �fhe�����

jh]h\uo�h[fZghd�ba�Zih]Z[[jh\uo�[eZklhfbehgblh\

Dhfi� 1 2 3 4 5 6 7
SiO2 43.85 45.14 44.88 44.14 43.00 44.80 44.30
LiO2 0.75 0.80 0.50 0.64 0.70 0.80 0.70
:l2Ha 11.70 11.50 11.15 11.18 12.36 10.92 11.47
F_2Oa 3.57 7.00 7.00 6.88 7.76 6.58 7.04
F_H 13.35 9.40 10.98 10.46 10.18 9.25 10.05
FnO 0.30 0.25 0.24 0.27 0.27 0.16 0.25
FgO 10.95 11.14 10.86 10.93 11.24 12.71 11.30
KZH 11.25 11.04 11.01 10.92 10.71 10.59 10.92
1Z2O 1.48 1.48 1.62 1.52 1.76 1.76 1.60
K2H 0.58 0.29 0.52 0.44 0.36 0.28 0.41
G2H

+ 2.27 2.20 1.50 2.30 2.00 1.82 2.01
G2H

- 0.27 G��h[g� G��h[g� 0.20 G��h[g� 0.16 -
F 0.04 0.08 0.11 0.09 0.15 0.31 0.13
KmffZ 100.36 100.32 100.37 99.97 100.49 100.14 100.18
F2 = O 0.02 0.04 0.06 0.05 0.08 0.15 0.07
KmffZ 100.32 100.28 100.31 99.92 100.41 99.99 100.11
F 45.9 44.1 47.1 45.6 46.1 40.1 44.8
f 0.19 0.40 0.36 0.38 0.41 0.39 0.37

Ijbf_qZgby: :gZebau��²��²�kbg_�a_e_gu_�jh]h\u_�h[fZgdb�ba

lhgdhihehkqZluo� lhgdha_jgbkluo� Zih]Z[[jh\uo� [eZklhfbehgblh\�� � ih-
bkdh\Zy� ebgby�� 3�� jZa\_^hqgu_�rmjnu���� 2072, 2073, 2070, 2064,
2093, �������khhl\_l\_ggh��kf��jbk����;����²�kj_^g__�ZgZebah\��²���:gZ-
ebau�\uiheg_gu�\�P_gljZevghc�obfbq_kdhc�eZ[hjZlhjbb�IH�©MjZe]_h-
eh]byª,�ZgZeblbd�G��N��Dhehkh\Z��f = F_2O3/F_2O3+F_H��fhe�����

LZ[ebpZ��
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DjbklZeehobfbq_kdb_�nhjfmeu��n��_����dhwnnbpb_glu�ZSi���ZYI ���ZKZ
�n��_���jh]h\uo�h[fZghd�ba�Zih]Z[[jh\uo�[eZklhfbehgblh\

We_f_glu 1 2 3 4 5 6 7

Si 6.48 6.59 6.74 6.52 6.35 6.60 6.50
:�IY 1.52 1.41 1.26 1.48 1.65 1.40 1.50

:�YI 0.51 0.57 0.71 0.46 0.50 0.48 0.48

Li 0.08 0.09 0.06 0.07 0.08 0.09 0.09

F_3+ 0.39 0.77 0.79 0.76 0.86 0.73 0.77

F_2+ 1.65 1.14 1.37 1.29 1.25 1.14 1.23

Fn 0.04 0.03 0.03 0.03 0.03 0.02 0.03

Fg 2.41 2.42 2.43 2.40 2.47 2.82 2.47

KmffZ 5.08 5.02 5.39 5.01 5.19 5.28 5.08

KZ 1.78 1.72 1.73 1.73 1.69 1.67 1.72

Na 0.40 0.42 0.48 0.43 0.50 0.50 0.45

K 0.11 0.05 0.10 0.08 0.07 0.05 0.07

KmffZ 2.29 2.19 2.31 2.24 2.26 2.22 2.24

HG 2.24 2.14 1.50 2.26 1.97 1.79 1.98

F 0.02 0.04 0.05 0.04 0.07 0.14 0.06

KmffZ 2.26 2.18 1.55 2.30 2.04 1.93 2.04

aSi 19.0 17.6 15.7 18.5 20.6 17.5 18. 7

aYI 19.3 28.5 28.9 25.7 27.7 24.6 26.4

aCa 22.3 21.5 25.1 22.8 25.2 24.7 23.2

Ijbf_qZgb_: aSi  :�IV��:�IV+Si, ZVI=AlVI+Ti+Fe3+/AlVI +Ti+Fe3+

+Fe2++Mn;�ZKZ=NZ�K/Na+K+Ca��n��_�

ablh\hc�nZpbZevghc�k_jbb� >�@��H[t_f�we_f_glZjghc�yq_cdb�bam-
q_gguo�h[jZaph\� khhl\_lkl\m_l�f_ljbd_� Zfnb[heh\�ba�f_lZfhj-
nblh\�^bkl_g�Zg^Zemabl�kbeebfZgblh\hc�nZpbZevghc�k_jbb� >��@�

GZ�^bZ]jZff_�>`��;Zj^Z�>��@�\k_�bamq_ggu_�h[jZapu�gZoh^ylky�\

ihe_�khklZ\h\�Zfnb[heh\�ba�ihjh^�ijhf_`mlhqghc�ih�^Z\e_gbx

^bkl_g�Zg^Zemabl�kbeebfZgblh\hc� nZpbZevghc� k_jbb� �jbk�� ���

GZ�^bZ]jZffZo� �AlVI–AlIV)—F� �n��_���b�ZSi ±ZVI� �n��_����khklZ\e_g-
guo�jZaebqgufb�Z\lhjZfb�>������@�khklZ\u�kbg_�a_e_guo�jh]h\uo

h[fZghd� �lZ[e�� �²���hl\_qZxl�khklZ\Zf�Zfnb[heh\�� �lbihfhjn-
guo��^ey���ihjh^���wib^hl�Zfnb[heblh\hc��nZpbb����f_lZfhjnbafZ
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LZ[ebpZ��

Kh^_j`Zgby�kdZg^by��fZk������\�jh]h\uo�h[fZgdZo
ba�Zih]Z[[jh\uo�[eZklhfbehgblh\

�/��ihj� �/��Z\l� Sk��fZc.  %)

1 r����� 0.0013
2 r����� 0.0055

3 r����� 0.0020

4 r����� 0.0063

5 r����� 0.0052

6 r����� 0.0081

7 r����� 0.0098

8 r����� 0.0058

9 r����� 0.0022

10 r����� 0.0035

11 r����� 0.0017

12 r����� 0.0068

13 r����� 0.0083

Ijbf_qZgb_:� Kj_^g__� ih� ZgZebaZf� �²���� � �������� Kh^_j`Zgby

kdZg^by�hij_^_e_gu�dhebq_kl\_gguf�ki_dljZevguf�ZgZebahf�>��@�\�Ih-
e_\kdhc�eZ[hjZlhjbb�IH�©MjZe]_heh]byª��ZgZeblbd�:��K��;hedh\�

�jbk��2—4��� qlh� ohjhrh� kh]eZkm_lky� k�bf_xsbfky�nZdlbq_kdbf
fZl_jbZehf�

IeZ]bhdeZa�\�Zih]Z[[jh\uo�[eZklhfbehgblZo�ijbkmlkl\m_l

\� \b^_� dk_ghfhjnguo� ����×0.2 ff�� g_k^\hcgbdh\Zgguo� a_j_g�
KhklZ\� _]h�� ih� hilbq_kdbf� dhgklZglZf� �fbgeZ[hjZlhjby� IH

©MjZe]_heh]byª��� dhe_[e_lky� hl� Zev[blZ� $g1—5 ^h� Zev[bl�

heb]hdeZaZ�:g12—16��<�hl^_evguo�kemqZyo�\�[eZklhfbehgblZo�kh-
ojZgyxlky�j_ebdlu� ©bkoh^guoª�hqdh\uo� Zih]Z[[jh\uo� Zfnb[h-
eblh\�²�djmigu_�km[bahf_ljbqgu_��� ×���ff��dk_gh[eZklu�iheb-
kbgl_lbq_kdb� k^\hcgbdh\Zggh]h� heb]hdeZa�Zg^_abgZ� :g30–35� b

Zg^_abgZ�� i_j_iheg_ggh]h� f_edbfb� ���� ×����� ff�� djbklZeeZfb
`_elh�a_e_gh]h� wib^hlZ��Heb]hdeZa�Zg^_abg� aZf_sZ_lky�d\Zjp_f

b�k\_leh�a_e_guf�n_g]blhf��F1 (ng������²��������Wib^hl�kbg]_g_-
lbq_g� k� jh]h\hc� h[fZgdhc��F_edb_� ����×0.1 ff�� djbklZeebdb� b
^\hcgbdh\u_� kjhkldb�`_elh�a_e_gh]h� wib^hlZ� �ng = 1.750; nm =
1.738; nj  ��������k: Nj� ���]jZ^., –2V  ����]jZ^���ih�obfbq_kdhfm
khklZ\m���fZk�������SiO2��������:l2H3 24.50   F_2O3 11.56;  F_H������
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Jbk�� ��� KhklZ\u

kbg_�a_e_guo� jh]h\uo

h[fZghd� gZ� ^bZ]jZff_

>`��;Zj^Z�>19].

,²,,,�²�ihey�khklZ-
\h\�Zfnb[heh\���,�²�^bkl_g�

Zg^Zemablh\hc���II²�^bkl_g�-
Zg^Zemabl� �� kbeebfZgblh\hc�

,,,� ²� ^bkl_g�kbeebfZgb�

lh\hc� nZpbZevghc� k_jbb.
× — khklZ\u� ZgZebabjh\Zg-
guo�jh]h\uo�h[fZghd

FgO�������KZH��������H2O
+ ������kmffZ���������hlghkblky�d�ibk-

lZpblm�k�\_ebqbghc�F = �����fhe�� ����:gZeh]bqguc�ih�khklZ\m�b
k\hckl\Zf� ibklZpbl� Z\lhjZfb� mklZgh\e_g� \ d\Zjp�aZf_sZxs_f
dhfie_dk_� i_]fZlblh\�Kex^ygh]hjkdh]h�f_klhjh`^_gby� �i_]fZ-
lblh\Zy� ahgZ��� ��ih�>��I��=jhag_pdhfm� >��@��� �SiO2� �������LiO2

0.25; :l2H3 25.36; Fe2O3 12.38; FeH�������FnH�������FgO�������KZH
�������kmffZ�������fZk���� obfeZ[hjZlhjby�K\_j^eh\kdh]h�]hjgh-
]h� bgklblmlZ� bf�� <�� <�� <Zojmr_\Z�� ZgZeblbd� ?��F�� EboZq_\Z��

IbklZpbl� aZf_sZ_lky� k\_leh�a_e_guf� n_g]blhf� �F1� �hij_^_e_-
gb_� iheblbibb� n_g]blZ� \uiheg_gh� <�� :�� Dhleyjh\uf�� Bg�lml

fbg_jZeh]bb�MjH�J:G��

=jZgZl� gZ[ex^Z_lky� lhevdh� \� e_cdhkhf_� Zih]Z[[jh\uo

fb]fZlblh\�� khojZgb\r_cky� \� [eZklhfbehgblZo� \� \b^_� j_ebdlh-
\uo� mqZkldh\� �kf�� hibkZgb_� ]hjguo� \ujZ[hlhd�� rmjn�� 2062,
Z�lZd�`_�jbk������F_edb_�����×0.1 b�^h����×0.3 ff��jhf[h^h^_dZw^-
jbq_kdb_� djbklZeeu� k\_leh�jhah\h]h� \ukhdh`_e_abklh]h� ]jhkkm-
eyj�ZevfZg^bgZ��fZk������SiO2 �������LiO2�������:l2H3 19.65; F_2O3

2.68; F_H��������FnH�������FgO�������KZH��������J2 O5 0.01; kmffZ
�������obfeZ[hjZlhjby�©MjZe]_heh]byª��ZgZeblbd�G��N��Dhehkh\Z��F
 � ����� fhe�� � �) h[eZ^Zxl� ahgZevguf� kljh_gb_f��  p_gljZevgu_
qZklb� bo� i_j_iheg_gu� iue_\b^gufb� \dexq_gbyfb� jm^gh]h�fb-
g_jZeZ��i_jbn_jby�²�ijhajZqgZy��\dexq_gbc�g_�kh^_j`bl��Fbd-
jhahg^h\uf�ZgZebahf�\�]jhkkmeyj�ZevfZg^bg_�mklZgh\e_gZ�klZg-
^ZjlgZy� ©ijh]j_kkb\gZyª� ahgZevghklv��oZjZdl_jbamxsZyky�q_ldh

\ujZ`_gguf� ©fZj]Zgp_\ufª� y^jhf�� d� dhlhjhfm� ijbmjhq_gu

\dexq_gby� jm^gh]h� fbg_jZeZ�� b� fZ]g_abZevghc� i_jbn_jb_c

�����²���� ff��� ebr_gghc� \jhkldh\� jm^gh]h� fbg_jZeZ�� =jZgZl

aZf_sZ_lky�Zev[bl�heb]hdeZahf��ibklZpblhf�b�d\Zjp_f��Jmlbe�²

oZjZdl_jguc�Zdp_kkhjguc�fbg_jZe��Ijbkmlkl\m_l�\�\b^_�f_edbo

(0.01×0.05 b�^h����×0.3 ff���dk_ghfhjnguo��a_j_g���aZ�
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Jbk�����>bZ]jZffZ��AlVI–AlIV) — F��n��_���^ey�Zfnb[heh\�ahgZev-
guo�k_jbc��ih�>��@. × — khklZ\u�ZgZebabjh\Zgguo�h[jZaph\�

Jbk�����>bZ]jZffZ�ZSi±ZVI��n��_���^ey�Zfnb[heh\�]jZgmeblh\hc��I),
Zfnb[heblh\hc��II ��b�wib^hl�Zfnb[heblh\hc��III ��nZpbc��ih�>��@�

��²�khklZ\u�ZgZebabjh\Zgguo�jh]h\uo�h[fZghd���²��²�[_kp\_lgu_� ���

b�kbg_�a_e_gu_�����Zfnb[heu�wib^hl�Zfnb[heblh\hc�nZpbb�ih�>��@
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f_sZ_fuo� kn_ghf��Ih^�fbdjhkdhihf� \�rebnZo� g_ijhajZq_g�� \

j_^dbo� kemqZyo� kj_^b� q_jgh]h� jmlbeZ� gZ[ex^Zxlky� _^bgbqgu_

a_jgZ��h[eZ^Zxsb_�]mklh�dhjbqg_\hc�hdjZkdhc��<�g_dhlhjuo�]hj-
guo�\ujZ[hldZo�kh^_j`Zgby�f_edh\djZie_ggh]h�jmlbeZ�^hklb]Z-
xl�ijhfure_gguo�dhg^bpbc��kf��hibkZgb_�jZaj_aZ��rmjnu����

2092—2094).
FZ]g_lbl�� Hlf_q_g� \� \b^_� hdlZw^jbq_kdbo� djbklZeeh\�

jZaf_jhf�^h���× 2 ff� �lZ[e������=jZgb�{111} �jh\gu_��[e_klysb_�
Obfbq_kdbc� khklZ\� _]h�[ebahd�d� kl_obhf_ljbq_kdhfm��Kh^_j`Z-
gby�]_jfZgby�\�g_f�hl\_qZxl�kh^_j`Zgbyf�wlh]h�we_f_glZ�\�kb_-
gblh\uo�ihjh^Zo�>�@��qlh��\�h[s_f��mdZau\Z_l�gZ�_]h�f_lZfhjnh-
]_ggmx�ijbjh^m�b�j_adh�hlebqZ_l�_]h�hl� lblZghfZ]g_lblh\�� k\y-
aZgguo� k� mevljZ[ZablZfb� b� ]Z[[jhb^Zfb�IeZlbghghkgh]h� ihykZ

MjZeZ�>�8].
<lhjbqgu_� fbg_jZeu� \� [eZklhfbehgblZo� ij_^klZ\e_gu

[bhlbl�Zggblhf�� `_e_ah�fZ]g_abZevguf� oehjblhf� b� d\Zjp_f�

Kbg_�a_e_gZy�`_e_ah�fZ]g_abZevgZy� jh]h\Zy� h[fZgdZ� ih\k_f_kl-
gh� aZf_sZ_lky� dhjbqg_\uf� [bhlblhf� �F� �F =���²��� fhe�� � ��

f  �����²�����fhe������ng  ≈ nm  ������²�������b�q_jguf�Zggblhf

�F� �F  ���²���fhe����� f = ����²�����fhe�����ng ≈ nm = 1.670—
�������� ;bhlbl� \� k\hx� hq_j_^v� aZf_sZ_lky� k\_leh�a_e_guf

`_e_ah�fZ]g_abZevguf�oehjblhf��nm  �������b�nm = 1.625), Zggbl
²� k\_leh�a_e_guf�n_g]blhf� �F1 (ng  � �����²��������<� ]hjguo

\ujZ[hldZo� h[uqgh� gZ[ex^Zxlky� ]b^jZlbabjh\Zggu_� jZaghklb

[bhlbl�Zggblh\���]b^jh[bhlblu��KZ�]b^jh[bhlblu��]b^jh[bhlblu

k� h[f_gguf� dZevpb_f� �F��Fd, �F��Fd��F1�� �Fd��F1� b

]b^jhZggblu�� KZ�]b^jhZggblu� �F��Fd�� �Fd��F1 [7@�� >ey
]b^jh[bhlblh\� oZjZdl_jgu� gbadb_� kh^_j`Zgby� hdkb^h\� dZeby� b

eblby���lZ[e������qlh�k\yaZgh�k�ba[bjZl_evguf�©\ufu\Zgb_fª�wlbo

we_f_glh\� \� ijhp_kk_� \u\_ljb\Zgby� `_e_ah�fZ]g_abZevguo

ljbhdlZw^jbq_kdbo� kex^� >�@�� Kj_^g__� kh^_j`Zgb_� kdZg^by� \

]b^jZlbabjh\Zgguo�h[jZapZo�khklZ\ey_l��������fZk�����b�[ebadh�d

kh^_j`Zgbyf� Sk� \� [bhlblZo� ba� ihjh^� Zfnb[heblh\hc� nZpbb
f_lZfhjnbafZ� >��²��@��Lmkdeu_� k\_leh�dhjbqg_\u_� b� dhjbqg_�

\u_� ieZklbghqdb� �����²����� ff�� ]b^jh[bhlblZ� jZkij_^_e_gu� \

[eZklhfbehgblZo� djZcg_� g_jZ\ghf_jgh� ²� hgb� h[jZamxl

fhghfbg_jZevgu_�ijhkehb�beb�`_�\klj_qZxlky�\�\b^_�h^bghqguo

q_rm_d� \� Zfnb[heh\hc� fZljbp_�� <k_�� \Z`gu_� \� ijZdlbq_kdhf

hlghr_gbb�� jm^hijhy\e_gby� f_edhq_rmcqZlh]h� ]b^jh[bhlblZ� \

MnZe_ckdhf� [ehd_� k\yaZgu� lhevdh� k� hoZjZdl_jbah\Zgghc� ahghc

Zih]Z[[jh\uo�[eZklhfbehgblh\�>����@�

KhklZ\� j_^dbo� a_f_ev� Zih]Z[[jh\uo� [eZklhfbehgblh\� \

kjZ\g_gbb�kh�kj_^gbf�khklZ\hf�JAW�ohg^jblh\��>�@��mdZau\Z_l��gZ
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LZ[ebpZ��

:gZebau��fZc�����Zdp_kkhjgh]h�fZ]g_lblZ�ba�Zih]Z[[jh\uo
[eZklhfbehgblh\�b�hqdh\uo�e_cdhdjZlh\uo�]g_ckh]jZgblh\

Dhfihg_glu 1 2 3 4

FnH 0.08 0.04 0.03 0.03
LiO2 0.53 0.33 0.50 0.50

V2O5 0.11 G��h[g� 0.08 G��h[g�

Kr2Oa 0.102 0.058 0.043 0.029

NiO 0.071 0.018 G��h[g� G��h[g�

KhH 0.010 G��h[g� 0.010 0.009

Sc2Oa G��h[g� G��h[g� G��h[g� G��h[g�

Ge 0.00021 0.00028 0.00021 0.00017

Ijbf_qZgb_: :gZebau����²��²�Zdp_kkhjguc�fZ]g_lbl�ba�Zih]Z[-
[jh\uo� [eZklhfbehgblh\�� � ihbkdh\u_� rmjnu� �/�� ����� b� ����;
�²��²� lh� `_� ba� hqdh\uo� e_cdhdjZlh\uo� ]g_ckh]jZgblh\�� ihbkdh\u_

rmjnu����� ����� b� ����� �kf�� jbk�� ����Dhebq_kl\_gguc� ki_dljZevguc

ZgZeba�fZ]g_lblh\�\uiheg_g�\�Bgklblml_�]_heh]bb�MjH�J:G,�ZgZeblbd
G��Yjhr��kdZg^bc�b� ]_jfZgbc�²�\�Ihe_\kdhc�eZ[hjZlhjbb�IH� ©MjZe-
]_heh]byª��:��K��;hedh\uf�ih�f_lh^bdZf�>����7].

LZ[ebpZ��

Kh^_j`Zgby��fZk������s_ehq_c��gbh[by��lZglZeZ�b�kdZg^by
\�]b^jh[bhlblZo�ba�Zih]Z[[jh\uo�[eZklhfbehgblh\

Dhfi� 1 2 3 4 5 6 7 8

K2O 7.06 5.91 6.34 7.04 6.54 6.30 7.81 6.71
1Z2O 0.20 0.25 0.16 0.20 0.20 0.21 0.22 0.20

Li2O 0.0050 0.0032 0.0032 0.0035 0.0018 0.0020 0.0060 0.0035

Rb2O 0.026 0.012 0.040 0.062 0.030 0.025 0.033 0.032

Ks2O 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004

Nb2O5 0.004 0.004 0.008 0.006 0.007 0.005 0.004 0.005

LZ2O5 0.0004 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Sk 0.0017 0.0017 0.0034 0.0014 0.0018 0.0022 0.0018 0.0017

Ijbf_qZgb_: Ihjy^dh\u_� ghf_jZ� �²�� khhl\_lkl\mxl� ke_^mx-
sbf�ghf_jZf� ]hjguo� \ujZ[hlhd�� �r�������r�������r�������r�������r�

�������r�������r������khhl\_lkl\_ggh��kf��jbk��������²�kj_^g__�ZgZebah\

�²���:gZebau�\uiheg_gu�� �s_ehqb��gbh[bc�b�lZglZe�²�\�P_gljZevghc

obfbq_kdhc�eZ[hjZlhjbb�IH�©MjZe]_heh]byª��s_ehqb�hij_^_e_gu�f_lh-
^hf�ieZf_gghc�nhlhf_ljbb���kdZg^bc�²�\�Ihe_\kdhc�eZ[hjZlhjbb�POE

IH�©MjZe]_heh]byª��ZgZeblbd�:��K��;hedh\�
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Jbk�� ��� KhklZ\� j_^dbo� a_f_ev� Zih]Z[[jh\uo� [eZklhfbehgblh\

MnZe_ckdh]h�f_lZfhjnbq_kdh]h�[ehdZ���²��²�Zih]Z[[jh\u_�[eZklhfb-
ehgblu��kf��gmf_jZpbx�h[jZaph\�lZ[ebpu����

:gZebau� \uiheg_gu�g_cljhggh�Zdlb\Zpbhgguf�f_lh^hf� \�P_gljZevghc

dhfie_dkghc�eZ[hjZlhjbb�IH�©MjZe]_heh]by»

j_adh_�ij_h[eZ^Zgb_�e_]dbo�JAW�gZ^�ly`_eufb� �lZ[e�� ���jbk��5).
H[h]Zs_gb_� e_]dbfb� JAW� ijh^mdlh\� dhjh\h]h� f_lZfhjnbafZ

]em[bgguo�]Z[[jhb^h\�ih^q_jdb\Zehkv�gZfb�jZg__� >6@��Ihemq_g-
guc� gh\uc�fZl_jbZe� ih^l\_j`^Z_l� jZg__� k^_eZgguc� \u\h^��Ih

kh^_j`Zgbx� kljhgpby� ©bkoh^gu_ª� f_lZ]Z[[jhb^u� MnZe_y� >�@

gZb[he__� [ebadb� d� ©^j_\g_crbf� ]Z[[jh�Zfnb[heblZfª� A_feb

�KZygh�;ZcdZevkdhc� h[eZklv� ih� ^Zgguf� >��@��� h[jZah\Zggu_� ih

gbf�[eZklhfbehgblu��lZ[e�����²�d�jh]h\bdZf�^bgZfhl_jfZevgh]h

hj_heZ�IeZlbghghkgh]h�ihykZ�²�����]�l�b�Zfnb[heblZf�wdahdhg-
lZdlh\uo�ahg�hnbheblh\h]h�dhfie_dkZ�OZ[Zjgbgkdh]h�fZkkb\Z�gZ

X`ghf�MjZe_�²�����]�l�>��@��l��_��[ebadbf�ih�khklZ\m�b�]_g_abkm

h[jZah\Zgbyf�

Hkgh\gu_� \u\h^u� \uiheg_gghc� jZ[hlu� k\h^ylky� d� ke_-
^mxs_fm�

²� bamq_gb_� fbg_jZevgh]h� khklZ\Z� Zih]Z[[jh\uo� [eZklh-
fbehgblh\�aZiZ^ghc�qZklb�MnZe_ckdh]h�[ehdZ�iha\hey_l�deZkkb-
nbpbjh\Zlv� bo� dZd� f_lZfhjnblu� ijhf_`mlhqghc� ih� ^Z\e_gbx

^bkl_g�Zg^Zemabl�kbeebfZgblh\hc�nZpbZevghc�k_jbb�
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²�^ey�aZiZ^ghc�qZklb�MnZe_ckdh]h�[ehdZ�mklZgh\e_gZ�jZ-
g__�g_ba\_klgZy�f_lZfhjnbq_kdZy�ahgZevghklv���a_e_ghkeZgp_\u_

[eZklhfbehgblu�^bkl_g�Zg^Zemablh\h]h�lbiZ��mdZaZjkdZy�ieZklb-
gZ�� kf_gyxlky� [eZklhfbehgblZfb� ^bkl_g�Zg^Zemabl�kbeebfZ�

gblh\hc�nZpbZevghc� k_jbb� �aZiZ^gZy� qZklv� _]mklbgkdhc� ieZklb�

gu���k�ihke_^gbfb�k\yaZgu�\k_�ba\_klgu_�\�jZchg_�f_klhjh`^_-
gby�f_edhq_rmcqZlh]h�]b^jh[bhlblZ b�fbdjha_jgbklh]h�\ukhdh-
ijhajZqgh]h�d\ZjpZ;

²� jh]h\u_� h[fZgdb� Zih]Z[[jh\uo� [eZklhfbehgblh\� ih

fgh]bf�deZkkbnbdZpbhgguf�iZjZf_ljZf�[ebadb�d� kbg_�a_e_guf

jh]h\uf� h[fZgdZf� Zih]Z^[[jh\uo� Zfnb[heblh\� p_gljZevghc

qZklb�_]mklbgkdhc�ieZklbgu��F����b����� f 0����b������fhe�� ��� ZSi

���b�����ZVI ���b����n��_��khhl\_lkl\_ggh���hlebqb_�bo�aZdexqZ_lky

ebrv� \� kh^_j`Zgbyo� hdkb^Z� dZeby�b� khhl\_lkl\_ggh� \� \_ebqbg_

h[s_c�s_ehqghklb�²�K2H������b������fZc������kmffZ�dZlbhgh\�\
]jmii_�O� �����b� �����n��_���ijbqbgZ�klhev�j_adh]h�hlebqby�jh]h-
\uo� h[fZghd� ih� kh^_j`Zgbx� hdkb^Z� dZeby� hklZeZkv� g_mklZgh\-
e_gghc�

— ijhp_kku� dhjh\h]h� f_lZfhjnbafZ� ©klbjZxlª� i_j\bq-
gmx�]_hobfbq_kdmx�bgnhjfZpbx:  Zih]Z[[jh\u_�[eZklhfbehgb-
lu� ih� kjZ\g_gbx� k� bkoh^gufb� ]Z[[jhb^Zfb�� j_adh� h[h]Zs_gu

e_]dbfb�j_^dbfb�a_feyfb�b�ih�wlhfm�ijbagZdm�y\eyxlky�lbibq-
gufb�jbnlh]_ggufb�h[jZah\Zgbyfb�
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