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Fbg_jZeu� ]jmiiu� Zfnb[heh\� y\eyxlky� h^gbfb� ba� kZfuo� jZk-
ijhkljZgzgguo�\�a_fghc�dhj_��Hgb�hq_gv�qmldh�j_Z]bjmxl�gZ�jZaebqgu_

]_heh]bq_kdb_� ijhp_kku�� ihwlhfm�rbjhdh� bkihevamxlky� ijb� ijh\_^_-
gbb� jZaebqguo� ]_heh]bq_kdbo� j_dhgkljmdpbc��nhjfZpbhggh]h� jZkqe_-
g_gby�koh^guo�]_heh]bq_kdbo�h[t_dlh\��l_jfh^bgZfbq_kdhc�oZjZdl_jb-
klbdb�mkeh\bc�h[jZah\Zgby�b�f_lZfhjnbafZ�jZaebqguo�h[t_dlh\��\�lhf

qbke_�²�J�L�w\hexpbb�f_lZfhjnbq_kdbo�ijhp_kkh\�b�l��^��<�kbkl_f_

fbg_jZeh]bb� ]jmiiZ� Zfnb[heh\� h^gZ� ba� kZfuo� keh`guo��>ebl_evgh_

\j_fy�^ey�g_z�g_�kms_kl\h\Zeh�jZpbhgZevguo�deZkkbnbdZpbc��Ijhju-
\hf� \� wlhf� gZijZ\e_gbb� [ueZ� ghf_gdeZlmjZ� EbdZ� ����� ]h^Z� �Leake,
1978���<������]h^m�FF:�him[ebdh\ZeZ�gh\mx�ghf_gdeZlmjm�fbg_jZeh\
]jmiiu�Zfnb[heh\��gb`_� ,0$��� �Leake���������dhlhjZy�jZa\b\Z_l�ij_-
^u^msmx� ghf_gdeZlmjm�� Ihy\e_gb_� IMA97 h[t_dlb\gh� hij_^_ebeh
g_h[oh^bfhklv�ghf_gdeZlmjgh]h�mlhqg_gby�Zfnb[heh\�jZaebqguo�h[t-
_dlh\��\ l��q��Bevf_gh]hjkdh]h�dhfie_dkZ�

Bklhjby�]_heh]h�fbg_jZeh]bq_kdh]h�bamq_gby�Bevf_gh]hjkdh]h

dhfie_dkZ� ^eblky� ihqlb� ���� e_l�� b� aZ� wlh� \j_fy� gZdhie_g� h[rbjguc

fZl_jbZe�ih�_]h�fbg_jZeh]bb��:dlb\gh_�`_�bamq_gb_�Zfnb[heh\�ijZd-
lbq_kdb�gZqZlh�lhevdh�\h�\lhjhc�iheh\bg_�XX �klhe_lby��I_j\u_�obfb-
q_kdb_�ZgZebau�Zfnb[heh\�Bevf_g�ihy\bebkv�lhevdh�\�gZqZe_�XX �\_dZ�

ohly� m`_� \� XIX � \_d_� [ueb� mklZgh\e_gu� ©jh]h\Zy� h[fZgdZª

(«hornblendeª��� ©dminn_jblª�� ©lj_fheblª�� ©Zdlbgheblª�� ©mjZeblª�

D�k_j_^bg_�XX �\_dZ��d�fhf_glm�ba^Zgby�fhgh]jZnbq_kdh]h�kijZ\hqgbdZ

©Fbg_jZeu� Bevf_gkdh]h� aZih\_^gbdZª� \� ����� ]h^m�� ^ey� Zfnb[heh\

Bevf_g�[ueh�ba\_klgh�g_�[he__���ZgZebah\��Zglhnbeebl��w^_gbl��lj_fh-
ebl���Ihke_^mxs__�bamq_gb_�Zfnb[heh\�reh�ih�gZjZklZxs_c��<�����

]h^m�\�klZlv_�E��W��JhlfZg�ijb\h^ylky�g_kdhevdh�gh\uo�ZgZebah\�Zfnb-
[heh\�Bevf_g��JhlfZg���������<�^Zevg_cr_f�fZl_jbZeu�ih�Zfnb[heZf

Bevf_g�ijb\h^ylky�\�fgh]hqbke_gguo�jZ[hlZo� �;Z`_gh\Z�:��=��k�khZ\-
lhjZfb��B\Zgh\Z�;��G��k�khZ\lhjZfb��Dhjbg_\kdh]h�<��=���E_\bgZ�<��Y��

JZkkdZah\hc�:��>��b�^j��Ba�gbo�hlf_lbf�jZ[hlm�;Z`_gh\Z�:��=��k�khZ\lh-
jZfb��;Z`_gh\�b�^j����������\�dhlhjhc�ij_^ijbgylZ�ihiuldZ�ijhZgZeb-
abjh\Zlv�gZdhie_gguc�d�lhfm�\j_f_gb�fZl_jbZe�ih�Zfnb[heZf�Bevf_g

k�ihabpbc�ghf_gdeZlmju�EbdZ������]h^Z�

<�blh]_��d�dhgpm�XX �klhe_lby�ih�Zfnb[heZf�Bevf_gkdbo�]hj

gZdhie_g�agZqbl_evguc�fZl_jbZe��qZklv�dhlhjh]h�hlghkblky�d�i_jbh-
^m�hlkmlkl\by�jZpbhgZevguo�deZkkbnbdZpbc�]jmiiu�Zfnb[heh\��Wlh

ijb\_eh�d�ihy\e_gbx�[hevrh]h�qbkeZ�l_jfbgh\� �gZa\Zgbc���hlghky-
sboky�d�Zfnb[heZf��h^gb�ba�dhlhjuo�^m[ebjmxl�^jm]�^jm]Z��h[hagZ-
qZy�h^bg�b�lhl�`_�Zfnb[he� �beb�h^gbf�gZa\Zgb_f�h[hagZq_gu�jZa-
gu_�Zfnb[heu���Z�^jm]b_�²�g_�khhl\_lkl\m_l�kh\j_f_gghc�ghf_gd-
eZlmj_��<� j_amevlZl_� aZqZklmx� \hagbdZxl� keh`ghklb� b� imlZgbpZ� \

bgl_jij_lZpbb�^Zgguo��ihemq_gguo�\�jZagh_�\j_fy��ijb�khihklZ\e_-
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gbb� bo dZd� ^jm]� k� ^jm]hf�� lZd� b� k� ^Zggufb� ih� Zfnb[heZf� ^jm]bo
j_]bhgh\��<kz�wlh�hij_^_ey_l�g_h[oh^bfhklv�ZgZebaZ�\k_o�gZdhie_g-
guo�^Zgguo�ih�Zfnb[heZf�Bevf_gkdbo�]hj�b�ijb\_^_gby�bo�d�_^b-
ghc� deZkkbnbdZpbhgghc� ko_f_�� J_r_gbx� wlhc� aZ^Zqb� b� ihk\ys_gZ

gZklhysZy�jZ[hlZ�

<�i_j\hc�]eZ\_�h[km`^Zxlky�ijbgpbiu�deZkkbnbdZpbb�b�gh-
f_gdeZlmjZ� fbg_jZeh\� ]jmiiu� Zfnb[heh\�� H[hkgh\u\Z_lky� \u[hj

deZkkbnbdZpbhgghc� ko_fu� b� ijb\h^blky� ghf_gdeZlmjZ� Zfnb[heh\�

bkihevam_fZy�\�gZklhys_c�jZ[hl_�^ey�ghf_gdeZlmjgh]h�ZgZebaZ�^Zg-
guo�ih�Zfnb[heZf�Bevf_gh]hjkdh]h�dhfie_dkZ�

<h�\lhjhc�]eZ\_�ijb\h^ylky�kh[kl\_ggh�j_amevlZlu�ghf_gdeZ-
lmjgh]h�ZgZebaZ�^Zgguo�ih�Zfnb[heZf�Bevf_gh]hjkdh]h�dhfie_dkZ�

Ij_^klZ\e_gu�� i_j_q_gv� \k_o� \klj_q_gguo� \� ebl_jZlmj_� l_jfbgh\

�gZa\Zgbc��ih�Zfnb[heZf�Bevf_g�k�bo�ghf_gdeZlmjguf�mlhqg_gb_f�

Z� lZd`_ i_j_q_gv� fbg_jZevguo� \b^h\� �dhg_qguo� qe_gh\�� ]jmiiu
Zfnb[heh\��\uy\e_gguo�ijb�ZgZeba_�\k_]h�fZkkb\Z�^Zgguo��him[eb-
dh\Zgguo� \� ebl_jZlmj_� ih�Bevf_gZf�� A^_kv�`_� ^Zzlky� ZenZ\blguc

kibkhd�Zfnb[heh\��mklZgh\e_gguo�\�Bevf_gZo��<�Ijbeh`_gbb�I�^ey
dZ`^h]h�fbg_jZevgh]h�\b^Z��\�dZq_kl\_�ih^l\_j`^Zxs_]h�ijbf_jZ�

ijb\h^ylky� ih� �—3� obfbq_kdhfm� ZgZebam� k� djbklZeehobfbq_kdhc
nhjfmehc�b�djZldhc�e_]_g^hc� �ebl_jZlmjguc�bklhqgbd��djZldZy�oZ-
jZdl_jbklbdZ� ]_heh]h�fbg_jZeh]bq_kdhc� h[klZgh\db� gZoh`^_gby

^Zggh]h�Zfnb[heZ��²�\k_]h����ZgZebah\�

<�lj_lv_c�]eZ\_�h[km`^Z_lky�w\hexpby�khklZ\Z�fbg_jZeh\�]jmi-
iu� Zfnb[heh\�ijb�h[jZah\Zgbb�b�ij_h[jZah\Zgbb�ihjh^�Bevf_gh]hj-
kdh]h�dhfie_dkZ�

<� q_l\_jlhc� ]eZ\_� ijb\h^ylky� j_amevlZlu� ghf_gdeZlmjgh]h

ZgZebaZ�dhgdj_lguo�k_jbc�ghjfZlb\guo�Zfnb[heh\�²�kZ^ZgZ]ZblZ�b

]hjg[e_g^blZ��Ijb� lZdhf� ZgZeba_� ihdZaZg� oZjZdl_j� \aZbfhhlghr_-
gbc�fbg_jZeh\�\gmljb�k_jbc��Z�lZd`_�f_klh�bevf_gkdbo�Zfnb[heh\�\

k_jbyo�� >Zg� kjZ\gbl_evguc� ZgZeba� ij_^klZ\bl_evghklb� fbg_jZeh\

]jmiiu�Zfnb[heh\�Bevf_gh]hjkdh]h�dhfie_dkZ�b�fZkkb\h\�Ob[bgkdh]h

b�Eh\hazjkdh]h��Dhevkdbc�i�h\��

:\lhjkdb_�fbdjhahg^h\u_� ZgZebau� Zfnb[heh\� \uiheg_gu� \

eZ[hjZlhjbb�DFBF�BgklblmlZ�fbg_jZeh]bb�MjH�J:G�gZ�jZkljh\hf

we_dljhgghf�fbdjhkdhi_�JWFF:����F��ZgZeblbd�<��:��Dhleyjh\��k

bkihevah\Zgb_f� klZg^Zjlh\�� n_jjbfZ]g_abh]hjg[e_g^bl�� n_jjhZd-
lbghebl�� ]eZmdhnZg�� DjbklZeehobfbq_kdb_� nhjfmeu� Zfnb[heh\

jZkkqblZgu�dZlbhgguf�f_lh^hf� �gZ����beb����dZlbhgh\��k�ijb\_^_-
gb_f�[ZeZgkZ�aZjy^h\�dZlbhgh\�d������

:\lhju� \ujZ`Zxl� ijbagZl_evghklv�<�� =��Djb\h\bq_\m�� ijh-
n_kkhjm� KI[=M�� ijbgy\r_fm� mqZklb_� \� h[km`^_gbb� j_amevlZlh\

jZ[hlu�gZ�hl^_evguo�wlZiZo��Z�lZd`_�khljm^gbdZf�Bevf_gkdh]h� aZ-
ih\_^gbdZ�?��<��F_^\_^_\hc�b�?��<��Dheh^dbghc�aZ�ihfhsv�ijb�k[h-
j_�b�h[jZ[hld_�fZl_jbZeh\�
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Zfhjn� —�Zfhjnguc GSD�—�gh\uc�s_[_ghqguc�dZjv_j

Zg���ZgZe. —�ZgZeba h[f��jh]. — h[fZgdZ�jh]h\Zy
\_jo. — \_joh\v_ h[g. —�h[gZ`_gb_

]_dk. —�]_dkZ]hgZevguc h[j� —�h[jZam_l��h[jZa_p

]j� —�]jmiiZ hdj� —�hdj_klghklb

^j� —�^jm]b_ ijbeh`� —�ijbeh`_gb_

`. — ̀ beZ ik� —�ik_\^h

B=A�—�Bevf_gkdbc�]hkm^Zjkl\_gguc

aZih\_^gbd

ik_\^hfhjn� - ik_\^hfhjnhaZ
j�g��u� —�jZchg��u�

bahfhjn. — bahfhjnguc jhf[. — jhf[bq_kdbc
d. —�dhiv kbg]� —�kbg]hgby

d\� —�d\ZjlZe�B=A kd\� —�kd\Z`bgZ

dm[� —�dm[bq_kdbc kh^. — kh^_j`bl
fZkk. — fZkkb\ lZ[e��—�lZ[ebpZ

f�gb_ —�f_klhjh`^_gb_ l_lj. —�l_ljZ]hgZevguc

f_lZfbdlg. —�f_lZfbdlguc ljb]. —�ljb]hgZevguc

fbg� —�fbg_jZevguc��Zy� obf. —�obfbq_kdbc

FF:�—�F_`^mgZjh^gZy�Fbg_jZeh]b-
q_kdZy�:kkhpbZpby

SD���s_[ëghqguc�dZjv_j
IMA97 — ghf_gdeZlmjZ�Zfnb[heh\�

fhg� —�fhghdebgguc j_dhf_g^h\ZggZy�d�ijbf_g_gbx

fma. h[j. —�fma_cguc�h[jZa_p�\�fma__

B=A

FF:�\������]h^m

<FH�� — i_j_\h^�,0$���gZ�jmkkdbc

>��:���^��Z�� —�̂ Zggu_ Z\lhjh\ yaud��him[ebdh\Zg�\�AZibkdZo�<FH�

GZa\Zgby�ghjfZlb\guo�Zfnb[heh\

Akt — Zdlbghebl Tar — lZjZfbl

Arf — Zjn\_^khgbl Tr — lj_fhebl

Bar — [ZjjmZabl Tscher — q_jfZdbl

Win — \bgqbl Ed — w^_gbl

Hast — ]Zklbg]kbl Eck — wd_jfZggbl

Gl — ]eZmdhnZg Hkgh\gu_�ijbklZ\db

Hb — ]hjg[e_g^bl a — Zexfbgh«

Kt — dZlhnhjbl m — fZ]g_abh«

Nyb — gb[zbl f — n_jjb«

Parg — iZj]Zkbl F — n_jjh«

Rib — jb[_dbl K — dZebc«

Ric — jbol_jbl õ — nlhjh«

Sad — kZ^ZgZ]Zbl

fMg = Mg/(Mg+Fe2++Mn); fAl = AlVI/(AlVI+Fe3++Ti);

F = (Fe2++Fe3++Mn)/(Mg+Fe2++Fe3++Mn) · 100%;

Ca-comp = Ca/(Ca+Na+K) · 100%.
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DeZkkbnbdZpby fbg_jZeh\�]jmiiu��Zfnb[heh\

�����Ghf_gdeZlmjZ�IMA97

<������]h^m�FF:�j_dhf_g^h\ZeZ�d�bkihevah\Zgbx�gh\mx

ghf_gdeZlmjm�fbg_jZeh\�]jmiiu�Zfnb[heh\� �Leake���������gb`_
,0$����HgZ�hljZ`Z_l�kms_kl\mxsbc�\�gZklhys__�\j_fy�mjh\_gv

ij_^klZ\e_gbc�h[�wlhc�]jmii_�k�ihabpbc�h[s_c�kbkl_fZlbdb�fb-
g_jZeh\��<�IMA97�kh^_j`blky�deZkkbnbdZpby�[hevr_c�qZklb�ba-
\_klguo�Zfnb[heh\��ijb\h^blky�bo�ghf_gdeZlmjZ�b�^Zxlky�j_dh-
f_g^Zpbb�ih�jZa\blbx�wlhc�ghf_gdeZlmju��ijZ\beZ�h[jZah\Zgby

gZa\Zgbc�Zfnb[heh\��dhlhju_�fh]ml�[ulv�hldjulu��

DeZkkbnbdZpby� ,0$��� hkgh\ZgZ� gZ� djbklZeehobfbb

Zfnb[heh\� b� hibjZ_lky� gZ� h[smx� nhjfmem� ^ey� gbo�

AB2C5T8O22(OH)2��<�wlhc�nhjfme_�ihabpbb�:��<��K�b�L�²�dZlb-
hggu_��ihabpby� �HG��²� ZgbhggZy��<� dZ`^hc�ba�i_j_qbke_gguo

ihabpbc�ij_^mkfZljb\Z_lky�^h\hevgh�rbjhdbc�bahfhjnbaf�we_-
f_glh\��ijb� wlhf� aZdeZ^u\Zxlky�hij_^_ezggu_�eh]bq_kdb_�ijh-
lb\hj_qby��LZd��^ey�Ca�ij_^mkfhlj_gh�jZaf_s_gb_�lhevdh�\�ih-
abpbb� <�� lh]^Z� dZd� gb`_�� \� ih^]jmii_� dZevpb_\uo� Zfnb[heh\�

ijb\h^blky� dZggbeehbl�� \� dhlhjhf�Ca�� djhf_�ihabpbb�<�jZaf_-
szg�_sz�b�\�ihabpbb�:� �ba\_kl_g�lZd`_�^`hkfblbl�k�ij_h[eZ-
^Zgb_f�Ca�\�ihabpbb�:���DZlbhgu�lbiZ�L��\�lhf�qbke_�b�Al ���jZa-
f_sZxlky�lhevdh�\�ihabpbb�K��l��_��\�^jm]bo�ihabpbyo�Al g_�ij_-
^mkfZljb\Z_lky�� Z� \� nhjfmeZo� [hevrbgkl\Z� ijb\h^bfuo� gb`_

Zfnb[heh\�Al �ihf_szg�g_�lhevdh�\�K��gh�b�\�L�
<�jZfdZo�deZkkbnbdZpbb� ,0$���\k_�Zfnb[heu�jZa^_e_gu

gZ� q_luj_� ]jmiiu� �ih^]jmiiu�� l�� d�� l_jfbg� ©]jmiiZª� \� kbkl_f_

fbg_jZeh]bb� ijbf_gy_lky� \� dZq_kl\_� lZdkhgZ� i_j\h]h� ihjy^dZ�

]jmiiZ�Zfnb[heh\��]jmiiZ�ibjhdk_gh\�b�l��^���

— Mg-Fe-Mn-Li�Zfnb[heu�����dhg_qguo�qe_gh\���oZjZdl_-
jbamxlky�aZk_ezgghklvx�ihabpbb�<�i_j_qbke_ggufb�dZlbhgZfb�

ih^]jmiiZ�jZa^_e_gZ�gZ�jhf[bq_kdb_�b�fhghdebggu_� Zfnb[heu

�[_a�lZdkhghfbq_kdh]h�h[hagZq_gby���Z�hgb��\�k\hx�hq_j_^v��jZa-
^_e_gu�gZ�k_jbb��jhf[bq_kdb_�²�ZglhnbeeblZ��`_^jblZ�b�ohefd-
\bklblZ��fhghdebggu_�²�dmffbg]lhgbl�]jxg_jblZ�b�debghohe-
fd\bklblZ�

²� dZevpb_\u_� Zfnb[heu� ���� dhg_qguc� qe_g���ihabpby�<

aZk_e_gZ�Ca (CaB ≥��������[he__�^jh[gh_�^_e_gb_�g_�ijb\h^blky�
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²� gZljb_\h�dZevpb_\u_� Zfnb[heu� ���� dhg_qguo� qe_�

gh\�� \�ihabpbb�<�ij_^klZ\e_gu�&D�b�1D�� �&D���1D�< ≥� �����ijb
0.50 < Na<�<�������[he__�^jh[gh_�^_e_gb_�g_�ijb\h^blky�

²�gZljb_\u_�Zfnb[heu� ����dhg_qguo�qe_gh\���ihabpby�<

aZk_e_gZ�Na (NaB ≥��������[he__�^jh[gh_�^_e_gb_�g_�ijb\h^blky�
H^ghc� ba� ]eZ\guo� hkh[_gghkl_c� lZdh]h� jZa^_e_gby� \k_c

]jmiiu�Zfnb[heh\�gZ�q_luj_�ih^]jmiiu��gZ�gZr�\a]ey^��y\ey_lky

\\_^_gb_� IMA97�jZaebqguo�]jZgbqguo�mkeh\bc� �ih�kh^_j`Zgbx
Si \�ihabpbb�L��:�bf_ggh��^ey�dZevpb_\uo��gZljb_\h�dZevpb_\uo
b�gZljb_\uo�Zfnb[heh\� ,0$���hdjm]ey_l�kh^_j`Zgby�6L�\�ihab-
pbb�L�^h�p_ehqbke_gguo�agZq_gbc��ijh\h^y�]jZgbpu�ih�^jh[guf

�ihemlhjguf��kh^_j`Zgbyf������n��_�������n��_��b�l��^����>ey�0J�)H�

0Q�/L�Zfnb[heh\�,0$���lZd`_�ijbgbfZ_l�p_ehqbke_ggu_�agZq_-
gby� 6L� \�ihabpbb�L��gh� ]jZgbpu�ijh\h^bl�g_�ih� ^jh[guf�� Z�ih

p_ehqbke_gguf�kh^_j`Zgbyf��ohly�^ey�`_^jblh\�b�mklZgZ\eb\Z-
_lky�gb`gbc�ij_^_e�\�����n��_��6L���L_f�kZfuf�,0$���ijbf_gy_l

^ey� \k_c� ]jmiiu� Zfnb[heh\� ^\hcghc� klZg^Zjl�� JZpbhgZevguo

hkgh\Zgbc� ^ey� lZdhc� jZagbpu� \� ]jZgbqguo� mkeh\byo� jZaguo

]jmii�,0$���g_�ijb\h^bl��<�p_ehf�wlh�gZjmrZ_l�eh]bdm�,0$���b

mkeh`gy_l�khihklZ\e_gb_�Zfnb[heh\�jZaguo�ih^]jmii�

Hlg_k_gb_� dZdh]h�eb[h� Zfnb[heZ� d� dhgdj_lghfm� fbg_-
jZevghfm�\b^m�\�ij_^_eZo�\u^_e_gguo�ih^]jmii�ih� ,0$���hkm-
s_kl\ey_lky�gZ�hkgh\_�obfbq_kdh]h�ZgZebaZ��,0$���j_dhf_g^m_l

jZkkqblu\Zlv�obf��ZgZebau�gZ����dZlbhgh\��ijb�ihfhsb�khhl\_l-
kl\mxsbo� ^\mf_jguo� ^bZ]jZff��<� ,0$��� ijb\h^blky� ��� lZdbo

^bZ]jZff��h^gZ�ba�gbo��^bZ]jZffZ�k�dZggbeehblhf��g_�jZa\zjgm-
lZ���?kl_kl\_ggh��ijb�lZdhf�h[bebb�^bZ]jZff�khihklZ\e_gb_�j_-
Zevguo� Zfnb[heh\� jZaguo� ih^]jmii� mkeh`g_gh�� Djhf_� lh]h�

\� dZq_kl\_� h^ghc� ba� dhhj^bgZl� wlbo� ^bZ]jZff� bkihevam_lky� hl-
ghr_gb_�Mg/(Mg + Fe2+)��qlh�mqblu\Z_l�[ZeZgk�lhevdh�dZlbhgh\
lbiZ�L�ihabpbb�K��;ZeZgk�`_�dZlbhgh\�lbiZ�F�\�lhc�`_�ihabpbb

gZ� ^bZ]jZffZo� g_� nb]mjbjm_l�� qlh� ijb\h^bl� d� kh\f_s_gbx� gZ

^bZ]jZffZo� dhg_qguo� qe_gh\� bahfhjnguo� jy^h\� ih� F

(Al↔Fe3+���iZj]Zkbl�b�fZ]g_abh]Zklbg]kbl��n_jjhiZj]Zkbl�b�]Zk-
lbg]kbl��b�^j��Jy^�dhg_qguo�qe_gh\�\hh[s_�gZ�^bZ]jZffu�g_�\u-
g_k_g��qZklv�dZlhnhjblh\��lZjZfblh\�b�^j� <kz�wlh�lZd`_�g_�kih-
kh[kl\m_l�m^h[kl\m�bkihevah\Zgby�qZklguo�^bZ]jZff�,0$���ijb

ijh\_^_gbb�ghf_gdeZlmjgh]h�ZgZebaZ�j_Zevguo�Zfnb[heh\��hkh-
[_ggh�ijb�ZgZeba_�[hevrh]h�fZkkb\Z�^Zgguo�

Ijb\_^zggu_�ijbf_ju�g_�bkq_jiu\Zxl�\k_o�hkh[_gghkl_c

,0$����l_f�g_�f_g__�bo�^hklZlhqgh��qlh[u�k^_eZlv�\u\h^�h�lhf�

qlh� kljmdlmjZ� ,0$��� ijb� jZ[hl_� k� j_Zevgufb� Zfnb[heZfb� ^h-
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\hevgh�g_m^h[gZ��hkh[_ggh�\�l_o�kemqZyo��dh]^Z�g_h[oh^bfh�kh-
]eZkh\Zlv�[hevrhc�fZkkb\�j_adh�jZaebqguo�Zfnb[heh\�

������FZljbqgZy�fh^_ev�ghf_gdeZlmju�Zfnb[heh\

>ey� kgylby�hlf_q_gguo�\ur_�ijhlb\hj_qbc� IMA ���gZfb

jZajZ[hlZgZ� ijbgpbibZevgh� gh\Zy� deZkkbnbdZpbhggZy� ko_fZ� b

Z^Zilbjh\ZggZy�d�g_c�ghf_gdeZlmjZ�fbg_jZeh\� ]jmiiu� Zfnb[h-
eh\�� ihemqb\rZy� gZa\Zgb_� ©FZljbqgZy� fh^_ev� ghf_gdeZlmju

Zfnb[heh\ª��HgZ�jZajZ[hlZgZ�k�mqzlhf�j_dhf_g^Zpbc�IMA ����gh

ihkljh_gZ�gZ�bghc�eh]bd_�

LZd�`_��dZd�b�IMA ����wlZ�fh^_ev�hibjZ_lky�gZ�h[smx�djb-
klZeehobfbq_kdmx� nhjfmem� Zfnb[heh\� �ljZgknhjfbjh\ZggZy

nhjfmeZ�IMA97): AB2C5T8O22D2��<�ihabpbyo�:��<��K�b�L�jZkiheZ-
]Zxlky�dZlbhgu��:�fh`_l�[ulv�\ZdZglgZ���\�ihabpbb�D�²�Zgbhgu

beb�ZgbhggZy�]jmiibjh\dZ�2+–. <h�\k_o�ihabpbyo�\hafh`_g�dZd
bah\Ze_glguc�� lZd�b� ]_l_jh\Ze_glguc�bahfhjnbaf� �\� IMA97 —
aZf_s_gby��

:��kh^_j`bl�h^bg�dZlbhg�beb�\ZdZgkbx�²�>@� — [], R1+, R2+;
<��^\Z�dZlbhgZ��²�51+, R2+;
K��iylv�dZlbhgh\��²�51+, R2+, R3+, R4+;
L��\hk_fv�dZlbhgh\��²�53+, R4+;
D��^\Z�ZgbhgZ�beb�^\_�]jmiibjh\db�OH–) — R1–, R2–.

GhjfZlb\gu_�Zfnb[heu

<ZjbZpbb� dZlbhgh\�b� Zgbhgh\�ih�ihabpbyf� aZ^Zxl�^ebg-
guc�dhf[bgZlhjguc�jy^��dhlhjuc�^_ckl\bl_evgh�^h\hevgh�keh`-
gh�kbkl_fZlbabjh\Zlv�gZijyfmx��Ihwlhfm�ba�\k_c�kh\hdmighklb

Zfnb[heh\�\u^_e_gZ�qZklv��k�h]jZgbq_gguf�qbkehf� wlbo�\ZjbZ-
pbc�� GZb[he__� ihegh� IMA97� ij_^klZ\ey_l� ih^]jmiiu� dZevpb_-
\uo��gZljb_\h�dZevpb_\uo�b�gZljb_\uo�Zfnb[heh\��>ey�gbo�ijb-
gylu�h^bgZdh\u_� ]jZgbqgu_�mkeh\by�[ZeZgkZ� dZlbhgh\�ihabpbb

L��Si ≥ 7.5�n��_��^bkdj_lbabjm_lky�^h�Si8; 7.5 > Si ≥�����²�^h�Si7Al;
6.5 > Si ≥� ���� ²� ^h� Si6Al2; 5.5 > Si ≥� ���� ²� ^h� Si5Al3.
<�[hevrbgkl\_�Zfnb[heh\�wlbo�]jmii�\�ihabpbb�K�ijbgylu�\Z-
jbZpbb�h^bgZdh\uo�dZlbhgh\��lbiZ�L — Mg ↔ Fe2+�b�lbiZ�M —
Fe3+ ↔ Al ��AZnbdkbjh\Z\�ihabpbx�D�Zgbhgghc�]jmiibjh\dhc�OH–,
dZd�wlh�k^_eZgh�\� IMA97��ihemqZ_f�Zfnb[heu�k�aZ^Zgguf�h]jZ-
gbq_gb_f�\ZjbZpbc�dZlbhgh\�ih�ihabpbyf��:�²�\ZdZgkby� �>@��b

Na��<�²�Ca b�Na��K�²�Mg b Fe2+ (L), Fe3+ b Al (M); D — OH–.
KmffZjguc�dZlbhgguc�aZjy^�wlbo�Zfnb[heh\�����
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Wlbf�Zfnb[heZf�ijbk\h_g�klZlmk�ghjfZlb\guo��l��d��hgb

ij_^klZ\eyxl�kh[hc�g_dbc�klZg^Zjl��k�dhlhjuf�fh]ml�[ulv�kjZ\-
g_gu�hklZevgu_�Zfnb[heu�

FZljbpZ�ghjfZlb\guo�Zfnb[heh\

Ij_^klZ\bf� ghjfZlb\gu_� Zfnb[heu�� ijb\_^zggu_� \

IMA ���� \� \b^_� lZ[e�� ���Ih� hkgh\Zgbyf� wlhc� lZ[ebpu� \� ihjy^d_

m[u\Zgby� aZjy^h\� jZa\_jgmebkv� [ZeZgku� dZlbhgh\� \� ihabpbyo�

L —�ih� \_jlbdZeb��:�<2� �kmffZjgh��²� ih� ]hjbahglZeb��:fnb�

[heu� IMA97� k]jmiibjh\Zebkv� \� yq_cdZo� ihey� lZ[ebpu� � [_a� ih-
\lhjh\�� b� dZ`^Zy� ]jmiiZ� kh^_j`bl� hl� ^\mo� ^h�r_klb� dhg_qguo

qe_gh\��Wlbf� ]jmiiZf� ijbk\h_g� klZlmk� ©k_jbyª� �ih� ZgZeh]bb� k

k_jbyfb�0J�)H�0Q�/L�Zfnb[heh\).
K� ihfhsvx� lZ[e�� ��� gZ� hkgh\Zgbb� \ZjbZpbc� dZlbhgh\� ih

ihabpbyf�L�b�:�<2��fh`gh�hij_^_eblv�Zfnb[he�k�lhqghklvx�^h

k_jbb��>ey� lh]h�� qlh[u� hij_^_eblv� dhg_qgu_� qe_gu� \gmljb� k_-
jbb��g_h[oh^bfh�mq_klv�\ZjbZpbx�dZlbhgh\�\�ihabpbb�K��>hkl-
jhbf� lZ[ebpm� ��� jZa\_jgm\� ih� ]hjbahglZevghfm� hkgh\Zgbx� [Z-
eZgk�lbih\�dZlbhgh\��L�b�M��ihabpbb�K��lZ[e�����<�wlhc�lZ[ebp_

gZ� h^ghf� h[s_f� hkgh\Zgbb� �L�� jZa\_jgmebkv� ^\_� lZ[ebpu�

Ih� kms_kl\m� hgb� y\eyxlky� fZljbpZfb�� k\yau\Zxsbfb� aZjy^u

dZlbhgguo�ihabpbc��Mkeh\gh�bo�fh`gh�gZa\Zlv�K�fZljbpZ�b�:<�

fZljbpZ�

<� p_ehf� lZ[ebpZ��� y\ey_lky� hij_^_ebl_e_f� ghjfZlb\guo

Zfnb[heh\��k�ihfhsvx�:<�fZljbpu�hij_^_eyxlky�k_jbb�Zfnb-
[heh\��Z�K�fZljbpu�²�dhg_qgu_�qe_gu�\gmljb�k_jbc�

Hkh[_gghklb��fZljbpu�ghjfZlb\guo�Zfnb[heh\

Ijb�ZgZeba_�[ZeZgkZ�dZlbhgh\�ihabpbb�K�\Z`guf�y\ey_lky

lh�� qlh� ijZ\beh� ����� ijbf_gy_lky� jZa^_evgh� ^ey� dZ`^h]h� lbiZ

dZlbhgh\� �L�b�M���Z�g_�^ey�\k_c�ihabpbb�\�p_ehf��Wlh�k\yaZgh�k

l_f��qlh��dZd�ihdZaZgh�\ur_��ih�IMA ���fbg_jZevguc�\b^��dhg_q-
guc�qe_g��hij_^_ey_lky�lhevdh�[ZeZgkhf�dZlbhgh\�lbiZ�L��Z�wlh
\_jgh�ebrv�^ey�Zfnb[heh\�k�[ZeZgkhf�lbih\�dZlbhgh\�ihabpbb�K

\b^Z�L5��<�Zfnb[heZo�`_�k�[ZeZgkhf�lbih\�dZlbhgh\�ihabpbb�K

\b^Z� L4M b� L3M2 \u^_e_gb_� dhg_qguo� qe_gh\� ghf_gdeZlmjhc
IMA ���h]jZgbq_gh��l��d��qZklgu_�^bZ]jZffu�IMA ���g_�hljZ`Zxl

[ZeZgk� dZlbhgh\� lbiZ�F� \� ihabpbb�K��DZd� ihdZaZgh� \� yq_cdZo

]hjbahglZevgh]h� hkgh\Zgby�K�fZljbpu� �lZ[e�� ���� \� Zfnb[heZo� k

[ZeZgkhf� L5 \� ihabpbb� K� j_Zebam_lky� [bgZjguc� bahfhjnbaf

Mg5 ↔ Fe2+
5�b��\�khhl\_lkl\bb�k�wlbf��dZ`^Zy�k_jby�k�lZdbf�[Z-

eZgkhf�dZlbhgh\�ihabpbb�K�bf__l�ih�^\Z�dhg_qguo�qe_gZ��<�Zf-
nb[heZo� `_� k� [ZeZgkhf� lbih\� dZlbhgh\� L4M b� L3M2 \� ih-
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LZ[ebpZ��

DeZkkbnbdZpby�ghjfZlb\guo�Zfnb[heh\�,0$����jZa\zjgmlZy�ih�ihabpbyf�:�<2��ih�]hjbahglZeb��b�L��ih�\_jlbdZeb�

 �A+B AB2

DZevpb_\u_ GZljb_\h�dZevpb_\u_ GZljb_\u_

5+ 4+ 4+ 3+ 3+ 2+
TIV NaCa2 []Ca2 Na(CaNa) [](CaNa) NaNa2 []Na2

32+

Si8

Lj_fhebl

N_jjhZdlbghebl

Jbol_jbl

N_jjhjbol_jbl

<bgqbl

N_jjh\bgqbl

Wd_jfZggbl

N_jjhwd_jfZggbl

FZ]g_abhZjn�

\_^khgbl

:jn\_^khgbl

=eZmdhnZg

N_jjh]eZmdhnZg

FZ]g_abhjb[_dbl

Jb[_dbl

31+

Si7Al

W^_gbl

N_jjhw^_gbl

FZ]g_abh]hjg�

[e_g^bl

N_jjh]hjg[e_g^bl

FZ]g_abhdZlhnhjbl

DZlhnhjbl

;ZjjmZabl

N_jjh[ZjjmZabl

:exfbgh[ZjjmZabl

:exfbghn_j�

jh[ZjjmZabl

N_jjb[ZjjmZabl

N_jjbn_j�

jh[ZjjmZabl

Gb[zbl

N_jjhgb[zbl

N_jjbgb[zbl

N_jjbn_jjhgb[zbl

30+

 Si6Al2

IZj]Zkbl

N_jjhiZj]Zkbl

FZ]g_abh]Zklbg]kbl

=Zklbg]kbl

Q_jfZdbl

N_jjhq_jfZdbl

:exfbghq_jfZdbl

:exfbghn_j�

jhq_jfZdbl

N_jjbq_jfZdbl

N_jjbn_j�

jhq_jfZdbl

FZ]g_abhlZjZfbl

LZjZfbl

:exfbghfZ]g_-
abhlZjZfbl

:exfbghlZjZfbl

N_jjbfZ]g_�

abhlZjZfbl

N_jjblZjZfbl

29+
 Si5Al3

FZ]g_abhkZ^ZgZ]Zbl

KZ^ZgZ]Zbl
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LZ[ebpZ��

K^\h_ggZy�K��b�:<�fZljbpu��kh]eZkh\Zggu_�ih�h[s_fm�hkgh\Zgbx�L

CVI 10+         L5 11+       L4M 12+      L3M2 AB2

Mg4Al    ↔    Fe2+
4Al Mg 3Al2  ↔  Fe2+

3Al2 DZevpb_\u_ GZljb_\h�dZevpb_\u_ GZljb_\u_

Mg5  ↔  Fe2+
5      ��                     ��       ��                  �� 5+ 4+ 4+ 3+ 3+ 2+

TIV Mg4 Fe3+ ↔Fe2+
4 Fe3+ Mg3Fe3+

2↔Fe2+
3Fe3+

2 NaCa2 []Ca2 Na(CaNa) [](CaNa) NaNa2 []Na2

32+

    Si8

Lj_fheblu

[](Ca)2

⇑
Na(CaNa)  ⇒   
Jbol_jblu      

<bgqblu

⇒       [](CaNa)
⇑

Na(Na)2   ⇒      
Wd_jfZggblu

[](Na)2 →          
=eZmdhnZgu   

Lj_fhebl

N_jjhZdlbghebl

Jbol_jbl

N_jjhjbol_jbl

<bgqbl

N_jjh\bgqbl

N_jjb\bgqbl

N_jjbn_j�

jh\bgqbl

Wd_jfZggbl

N_jjhwd_jfZggbl

FZ]g_abhZjn�

\_^khgbl

:jn\_^khgbl

=eZmdhnZg

N_jjh]eZm�

dhnZg

FZ]g_abhjb-
[_dbl

Jb[_dbl

31+

 Si7Al

W^_gblu

Na(Ca)2
=hjg[e_g^blu

⇒           [](Ca)2
⇑                     ⇑
Na(CaNa) ⇒    
DZlhnhjblu   

;ZjjmZablu

⇒       [](CaNa)
⇑                     ⇑
Na(Na)2  →      
Gb[zblu          

W^_gbl

N_jjhw^_gbl

FZ]g_abh]hjg�

[e_g^bl

N_jjh]hjg[e_g^bl

N_jjbfZ]g_abh-
]hjg[e_g^bl

N_jjbn_jjh]hjg-
[e_g^bl

FZ]g_abhdZlh�

nhjbl

DZlhnhjbl

N_jjbfZ]g_abh-
dZlhnhjbl

N_jjbdZlh-
nhjbl

:exfbgh[Zj-
jmZabl

:exfbghn_j-
jh[ZjjmZabl

N_jjb[ZjjmZabl

N_jjbn_j�

jh[ZjmZabl

Gb[zbl

N_jjhgb[zbl

N_jjbgb[zbl

N_jjbn_jjhgb[zbl

30+

 Si6Al 2

IZj]Zkblu

Na(Ca)2
Q_jfZdblu

⇒           [](Ca)2
⇑                     ⇑
Na(CaNa) →    
LZjZfblu       

IZj]Zkbl

N_jjhiZj]Zkbl

FZ]g_abh]Zk�

lbg]kbl

=Zklbg]kbl

:exfbghq_jfZdbl

:exfbghn_j-
jhq_jfZdbl

N_jjbq_jfZdbl

N_jjbn_jjhq_jfZdbl

:exfbghfZ]g_�

abhlZjZfbl

:exfbghlZjZfbl

N_jjbfZ]g_abh�

lZjZfbl

N_jjblZjZfbl

29+

 Si5Al 3

KZ^ZgZ]Zblu

Na(Ca)2

:exfbghfZ]g_�

abhkZ^ZgZ]Zbl

:exfbghkZ^Z-
gZ]Zbl

FZ]g_abhkZ^Z�

gZ]Zbl

KZ^ZgZ]Zbl
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abpbb� K� j_Zebam_lky� ^\Z� kh]eZkh\Zgguo� jy^Z� bahfhjnbafZ� dZ-
lbhgh\��hl^_evgh�ih�dZlbhgZf�L — Mg ↔ Fe2+�b�0�²�Al ↔ Fe3+),
\� khhl\_lkl\bb� k� wlbf� dZ`^Zy� k_jby�bf__l�ih� q_luj_� dhg_qguo

qe_gZ��^ey�L4M — Mg4Al, Mg4Fe3+, Fe2+
4Al, Fe2+

4Fe3+;�^ey�L3M2 —
Mg3Al2, Mg3Fe3+

2, Fe2+
3Al2, Fe2+

3Fe3+
2.

H^gZ�qZklv�yq__d�ihey�K�fZljbpu�kh^_j`bl�ih�^\_�k_jbb

Zfnb[heh\. Z�^jm]Zy�²�ih�h^ghc��Wlh�hagZqZ_l��qlh�dZ`^Zy�yq_c-
dZ�fZljbpu� y\ey_lky� kmi_jihabpb_c�� kh^_j`Zs_c� h^gm� beb� ^\_

ihabpbb��k_jbb��

Ba� lZ[e�� �� b� �� \b^gh�� qlh� dhg_qgu_� qe_gu� qZklb� k_jbc

bf_xl� h^gh� dhjg_\h_� gZa\Zgb_�� ^ey� lZdbo� k_jbc� bkihevah\Zgh

bf_ggh�wlh�gZa\Zgb_�[_a�ijbklZ\hd��>jm]Zy�qZklv�k_jbc�\dexqZ_l

Zfnb[heu�k�jZagufb�dhjg_\ufb�gZa\Zgbyfb��wd_jfZggbl�²�Zj-
n\_^khgbl��]eZmdhnZg�²�jb[_dbl��iZj]Zkbl�²�]Zklbg]kbl��lj_fh-
ebl� ²� n_jjhZdlbghebl�� >ey� gZa\Zgby� lZdbo� k_jbc� \� fZljbp_

ijbf_g_gh�dhjg_\h_�gZa\Zgb_�lh]h�Zfnb[heZ��\�ihabpbb�K�dhlh-
jh]h�dZlbhgu�lbiZ�L ij_^klZ\e_gu Mg��Z M — Al ��<�h[s_c�gh-
f_gdeZlmj_�Zfnb[heh\��kf��gb`_��lZdb_�k_jbb��h[hagZq_gu��^\hc-
guf�gZa\Zgb_f� �ih�ZgZeh]bb�k�0J�)H�0Q�/L�Zfnb[heZfb��k_jby

dmffbg]lhgbl�]jxg_jblZ��

H^gbf�ba�\Z`guo�ijbdeZ^guo�Zki_dlh\�fZljbqghc�fh^_eb

y\ey_lky�lh��qlh�:<�fZljbpZ�iha\hey_l�j_rblv�ijh[e_fm�^\mo��b

ljzo\Ze_glgh]h�`_e_aZ�\�\b^_��[ebadhf�d�j_Zevghfm��Ihkdhevdm

fZljbpZ�`zkldh�k\yau\Z_l�oZjZdl_j�aZiheg_gby�kljmdlmjguo�ih-
abpbc�$��%��&�b�7��lh�ihy\ey_lky�\hafh`ghklv�gZ�hkgh\_�ijyfh]h

jZkqzlZ�ihabpbc�$��%�b�7�hij_^_eblv�oZjZdl_j�aZiheg_gby�ihab-
pbb�&��lh�_klv�l_f�kZfuf�hij_^_eblv�nhjfmevguc�dhwnnbpb_gl

dZlbhgZ�0� �_kl_kl\_ggh��k�mqzlhf�we_dljhg_cljZevghklb�nhjfm-
eu���?keb�\�0�ijbkmlkl\mxl�dZlbhgu�7L�b�$O��lh�bo�dhebq_kl\h

^hihegy_lky� ljzo\Ze_glguf�`_e_ahf�^h� aZ^Zggh]h�dhwnnbpb_g-
lZ��Z�hklZlhd�`_e_aZ�hlghkblky�d� )H2+ \� /��JZamf__lky��j_Zevguc

dhwnnbpb_gl�)H3+�\�0�g_h[yaZl_evgh�[m^_l�\�lhqghklb�jZ\_g�jZk-
kqblZgghfm� lZdbf�kihkh[hf��gh�\�ex[hf� kemqZ_�hg�[m^_l�gZoh-
^blvky� \� bgl_j\Ze_�� ^bkdj_lbabjm_fhf� ^h� p_eh]h� aZ^Zggh]h�� :

wlh]h� ^hklZlhqgh� ^ey� hlg_k_gby� jZkkqblu\Z_fh]h� Zfnb[heZ� d

dhgdj_lghfm�fbg_jZevghfm�\b^m�

KjZ\g_gb_�fZljbpu�b�ghjfZlb\guo�Zfnb[heh\�IMA97
<� lZ[e�� ��� ljb� k_jbb� ghjfZlb\guo� Zfnb[heh\�

ijb\_^zggu_� \� IMA ���� kh^_j`Zl� ih� r_klv� dhg_qguo� qe_gh\�

<� dZ`^hc� ba� gbo� bf__lky� ^\Z� qe_gZ�� m� dhlhjuo� \� ihabpbb� K

Fe3+ = Al�� [ZjjmZabl�²�n_jjh[ZjjmZabl�� q_jfZdbl�²�n_jjhq_j-
fZdbl�� lZjZfbl� ²� fZ]g_abhlZjZfbl�� Wlb� ljb� iZju� Zfnb[heh\
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y\eyxlky� g_� dhg_qgufb�� Z� ijhf_`mlhqgufb�� l�� d�� ih� ijZ\bem

�����^ey�dZlbhgh\�lbiZ�F�\�ihabpbb�K�dhg_qgu_�qe_gu�^he`gu

bf_lv�eb[h�Fe3+ > Al ��eb[h�Fe3+ < Al ��<�IMA ���g_�kh^_j`blky�jZ-
pbhgZevguo� hkgh\Zgbc� ^ey� \\_^_gby� \� ghf_gdeZlmjm� ijhf_`m-
lhqguo�qe_gh\�\�jZg]_�dhg_qguo��:�bo�gZebqb_�gZjmrZ_l�ijZ\b-
eh������b��\�p_ehf��eh]bdm�ghf_gdeZlmju��Ke_^h\Zl_evgh��wlb�ljb

iZju� ijhf_`mlhqguo� qe_gh\� ^he`gu� [ulv� bkdexq_gu� ba� gh-
f_gdeZlmju�Zfnb[heh\�

>ey� qZklb� k_jbc�� oZjZdl_jbamxsboky� [ZeZgkhf� L4M b
L3M2� \� ihabpbb�K�� IMA ��� ijb\h^bl� ^\Z� dhg_qguo� qe_gZ�� ohly�

dZd�\b^gh�ba�lZ[e�����bo�^he`gh�[ulv�q_luj_��A^_kv�lh`_�kdZau-
\Z_lky� g_kh\_jr_gkl\h� qZklguo� ^bZ]jZff� IMA ���� Ih� ijZ\bem

�����^ey�dZlbhgh\�L�b�F��wlb�k_jbb�^he`gu�[ulv�^hiheg_gu�dh-
g_qgufb� qe_gZfb�� hlkmlkl\mxsbfb� \� IMA ���� Wlh� ke_^mxsb_

dhg_qgu_�qe_gu��bo�gZa\Zgby�h[jZah\Zgu�\�khhl\_lkl\bb�k�j_dh-
f_g^h\Zggufb�IMA ���ijZ\beZfb���

²� \� k_jbb� \bgqblZ�²�n_jjb\bgqbl (Mg4Fe3+� \�ihabpbb

K��b�n_jjbn_jjh\bgqbl (Fe2+
4Fe3+);

²� \� k_jbb� ]hjg[e_g^blZ�²�n_jjbfZ]g_abh]hjg[e_g^bl

(Mg4Fe3+��b�n_jjbn_jjh]hjg[e_g^bl�(Fe2+
4Fe3+);

²� \� k_jbb� dZlhnhjblZ� ²� n_jjbfZ]g_abhdZlhnhjbl

(Mg4Fe3+��b�n_jjbdZlhnhjbl (Fe2+
4Fe3+);

²� \� k_jbb� kZ^ZgZ]ZblZ�²� ZexfbghfZ]g_abhkZ^ZgZ]Zbl

(Mg3Al2��b�ZexfbghkZ^ZgZ]Zbl (Fe2+
3Al2).

�LZdbf� h[jZahf�� \� ghf_gdeZlmjm� Zfnb[heh\� g_h[oh^bfh

\\_klb� ^hihegbl_evgh� \hk_fv� dhg_qguo� qe_gh\�� Ij_^\Zjbl_ev-
guc�ghf_gdeZlmjguc� ZgZeba� him[ebdh\Zgguo� ^Zgguo�ih� khklZ-
\Zf� Zfnb[heh\�ihdZaZe��qlh�ba�gbo� k_fv� kms_kl\mxl�j_Zevgh�b

ih^l\_j`^Zxlky�g_kdhevdbfb�ZgZebaZfb�dZ`^uc�

<�lZ[ebp_���b�h[s_c�ghf_gdeZlmj_�Zfnb[heh\� �gb`_��bk-
dexq_gu�r_klv� ©ijhf_`mlhqguoª�qe_gh\�b�\\_^_gu�\hk_fv�gh-
\uo�gZa\Zgbc�dhg_qguo�qe_gh\�

FZljbpZ�aZjy^h\

,0$��� kh\_jr_ggh� kijZ\_^eb\h� h[jZsZ_l� \gbfZgb_� gZ

\Z`ghklv� jZkij_^_e_gby� aZjy^h\� ih� ihabpbyf� :�� <�� K�� L� b� '�

G_h[oh^bfh� lhevdh� mlhqgblv�� qlh� jZkij_^_e_gb_f� aZjy^h\� ih

mdZaZgguf� ihabpbyf� jZaebqZxlky� g_� fbg_jZevgu_� \b^u�� dZd

mdZau\Z_l�,0$����Z�k_jbb�Zfnb[heh\��jZkij_^_e_gb_�`_�aZjy^h\

jZaguo� dhg_qguo� qe_gh\� \gmljb� k_jbb� h^bgZdh\h_��FZljbqgZy

fh^_ev� jZa\b\Z_l� wlh� iheh`_gb_� ,0$���� GZijbf_j�� K�fZljbpZ

�lZ[e�� ���� \� kmsghklb�� ij_^klZ\ey_l� kh[hc� aZjy^h\mx� fZljbpm

dZlbhgguo�ihabpbc���lZ[e�������WlZ��fZljbpZ��`_kldh�k\yau\Z_l�aZ-
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LZ[ebpZ���

FZljbpZ�aZjy^h\�dZlbhgguo�ihabpbc�ghjfZevguo�Zfnb[heh\

������������������K

10+ 11+ 12+
�L

32+ 4+ 3+ 2+

31+ 5+ 4+ 3+

30+ 6+ 5+ 4+

29+ 7+ 6+ 5+

jy^u�ihabpbc�K��L��b�:�<2� �ihke_^g__�k^_eZgh��qlh[u�g_�\uclb

ba�iehkdhklb�^\mf_jgh]h�ihey���ijb�wlhf�hgZ�hlghkblky�d�Zfnb-
[heZf� k� kmffZjguf� dZlbhgguf� aZjy^hf� �����<f_kl_� k� l_f� ba-
\_klgu�Zfnb[heu�k�kmffZjguf�dZlbhgguf� aZjy^hf� ���� �d_jkm-
lblu��b� ���� �mg]Zj_llbbl���Qlh[u�bo�jZaebqZlv��Zfnb[heu�k� aZ-
jy^hf�����fu�h[hagZqbeb�dZd�ghjfZevgu_��ihkdhevdm�bo�ih^Z\-
eyxs__�[hevrbgkl\h��Z�Zfnb[heu�k�bguf�dZlbhgguf�aZjy^hf�²

dZd� ZghfZevgu_�� LZdh_� jZa^_e_gb_� ih^q_jdb\Z_lky� _sz� b� l_f�

qlh�m�ghjfZevguo� Zfnb[heh\� \ZjbZpbb� aZjy^h\�b�bo� dhfi_gkZ-
pby�ijhbkoh^yl�lhevdh�aZ�kqzl�dZlbhgguo�ihabpbc��<�ZghfZevguo

`_� Zfnb[heZo� ij_\ur_gb_� dZlbhggh]h� aZjy^Z� ih� kjZ\g_gbx� k

����dhfi_gkbjm_lky�m`_�aZ�kqzl�Zgbhgghc�ihabpbb�D�aZf_ghc�\

g_c�h^gh]h�beb� h[hbo� h^gh\Ze_glguo� Zgbhgh\� �Zgbhgguo� ]jmi-
ibjh\hd�HG–��gZ�^\mo\Ze_glguc�dbkehjh^��K�lhqdb�aj_gby�kljh-
]hc�eh]bdb�^ey�ZghfZevguo�Zfnb[heh\�^he`gu�[ulv�jZa\zjgmlu

k\hb�fZljbpu�²� hl^_evgh� ^ey� ����b� hl^_evgh� ^ey� � �����Gh�gZ

hij_^_ezgguo�mkeh\byo��dZd�wlh�ihdZaZgh�gb`_��hgb�fh]ml�[ulv

ijb\_^_gu�\�khhl\_lkl\b_�k�ghjfZlb\gufb�Zfnb[heZfb�

:gZeh]b�ghjfZlb\guo�Zfnb[heh\

Ijb�\u^_e_gbb�ghjfZlb\guo�Zfnb[heh\�dZlbhgu�b�Zgbh-
gu�� aZk_eyxsb_� l_�beb�bgu_�ihabpbb�� aZ^Zgu�`zkldh��<f_kl_� k

l_f��ba\_klgZ�[hevrZy�]jmiiZ�Zfnb[heh\��m�dhlhjuo�\�khhl\_lkl-
\mxsbo� ihabpbyo� ij_h[eZ^Zxl� bgu_� dZlbhgu� b� Zgbhgu�� q_f� m

ghjfZlb\guo��gh�jZkij_^_e_gb_�aZjy^h\�ih�ihabpbyf�khojZgy_l-
ky��WlZ� hkh[_gghklv� y\ey_lky� hkgh\Zgb_f� ^ey� \\_^_gby�ihgylby
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ZgZeh]�ghjfZlb\gh]h�Zfnb[heZ��JZkkfhljbf�wlh�ihgylb_�\�ijb-
eh`_gbb�d�dhgdj_lguf�Zfnb[heZf�

Dhpmebl�²�_]h�nhjfmeZ�IMA ���dZd�ih�jZkij_^_e_gbx�aZ-
jy^h\��lZd�b�ih�[ZeZgkm�dZlbhgh\��ijZdlbq_kdb�iheghklvx�kh]eZ-
km_lky� k�nhjfmehc� Zjn\_^khgblZ��Hlebqb_� khklhbl�\� lhf��qlh� \

ihabpbb�K�dZlbhgu L�ij_^klZ\e_gu�g_�)H2+��dZd�\�Zjn\_^khgbl_��Z

Mn2+��Wlh�koh^kl\h�iha\hey_l�jZkkfZljb\Zlv�dhpmebl�dZd�fZj]Zg-
ph\bkluc�ZgZeh]�Zjn\_^khgblZ�ih�ihabpbb�K� �wlh�ZgZeh]�k�kh[-
kl\_gguf�gZa\Zgb_f���Fh`gh�knhjfmebjh\Zlv�dhjhq_��fZj]Zgph-
\bkluc�K�ZgZeh]�Zjn\_^khgblZ�

Ba\_klgu�Zfnb[heu��\�dhlhjuo�ihabpby�D�oZjZdl_jbam_l-
ky�ij_h[eZ^Zgb_f�F beb�Cl gZ^�HG��gZijbf_j�nlhjhjbol_jbl��ml-
\_j`^zgguc�DGFGF�FF:� ih^� gZa\Zgb_f�nlhjjbol_jbl���Wlh

m`_�nlhjbkluc��D�ZgZeh]�jbol_jblZ�b�_]h�gZa\Zgb_�y\ey_lky�ijh-
ba\h^guf� hl� dhjg_\h]h� ghjfZlb\gh]h� �jbol_jbl�� ^h[Z\e_gb_f

ijbklZ\db�©nlhjh«ª�

?keb� \� ihabpbb� :� ij_h[eZ^Z_l� dZebc� gZ^� gZljb_f�

lh�wlh�[m^ml�:�ZgZeh]b��bo�gZa\Zgby�lZd`_�h[jZamxlky�ijbklZ\-
dhc�©dZebc«ª�d�dhjg_\hfm��gZij���dZebcjbol_jbl��dZebciZj]Zkbl

b�^j���

<k_�<�ZgZeh]b�bf_xl� kh[kl\_ggu_�gZa\Zgby�b�jZkkfhlj_-
gu�gb`_�

<�g_dhlhjuo�Zfnb[heZo�bgu_�dZlbhgu�b�Zgbhgu�lh]h�`_

lbiZ��ih� kjZ\g_gbx� k�ghjfZlb\gufb� Zfnb[heZfb��ij_h[eZ^Zxl

h^gh\j_f_ggh�\�^\mo�ihabpbyo��GZb[he__�qZklh��\�:�²�D�ij_h[-
eZ^Z_l�gZ^�Na��Z�\�D — F�beb Cl�gZ^�HG��<hagbdZ_l�khhl\_lkl-
\mxsbc�AD�ZgZeh]��GZijbf_j��nlhjhdZebcjbol_jbl� �ml\_j`^zg

DGFGF� FF:� ih^� gZa\Zgb_f� dZebc�nlhjjbol_jbl�� y\ey_lky

AD�ZgZeh]hf� jbol_jblZ�� H[jZlbf� \gbfZgb_� gZ� ijZ\hibkZgb_

l_jfbgZ�� ijbklZ\dZ�� h[hagZqZxsZy� hlebqb_� ZgZeh]Z� hl� ghjfZ-
lb\gh]h� ih� dZlbhgm�� klhbl� [eb`_� d� dhjg_\hfm� gZa\Zgbx�� q_f

ijbklZ\dZ��h[hagZqZxsZy�hlebqb_�ih�Zgbhgm�

;he__�keh`gZy�kblmZpby�\hagbdZ_l��dh]^Z�\�ihabpbx�\oh-
^bl� dZlbhg� ^jm]hc� \Ze_glghklb�� gh� k� khojZg_gb_f� aZjy^Z� wlhc

ihabpbb�b��khhl\_lkl\_ggh��k�khojZg_gb_f�h[s_]h�[ZeZgkZ� aZjy-
^h\� ih� ihabpbyf�� LZd�� m� ebd_blZ� ihabpby� K� bf__l� \b^�

(Mg2Fe3+
2Li) �b�aZjy^������<�ghjfZlb\guo�Zfnb[heZo�lZdhc�aZjy^

ihabpby�K�bf__l�ijb�[ZeZgk_�dZlbhgh\�\b^Z��L4M��Fh`gh�nhj-
fZebah\Zlv�mdZaZggu_�[ZeZgku�dZlbhgh\�\�jZ^bdZeu�obfbq_kdbo

nhjfme��(Mg2Fe3+
2Li) = (R2+

2R
3+

2R
1+)��Z�L4M = (R2+

4R
3+)��Ih�aZjy^m

wlb�jZ^bdZeu�khhl\_lkl\mxl�^jm]�^jm]m��Wlh�iha\hey_l�knhjfm-
ebjh\Zlv�ijbgpbi�khhl\_lkl\by�jZ^bdZeh\�nhjfme�\�ij_^_eZo

h^ghc� ihabpbb� k� khojZg_gb_f� kmffZjgh]h� aZjy^Z��G_h[oh^bfh
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hlf_lblv��qlh�khojZg_gb_�aZjy^Z�hkms_kl\ey_lky�_]h�i_j_jZkij_-
^_e_gb_f� \gmljb� ihabpbb� �beb� i_j_jZkij_^_e_gb_f� \Ze_glguo

k\ya_c���Ihkdhevdm� m� ebd_blZ� dZlbhgu� lbiZ L ihabpbb�K� ij_^-
klZ\e_gu�0J��Z�lbiZ�0�²�)H3+��lh�fu�_]h�hlghkbf�d�eblb_\hfm

&�ZgZeh]m�fZ]g_abhZjn\_^khgblZ��M�n_jjhebd_blZ�dZlbhgu�lb-
iZ�L�ij_^klZ\e_gu�Fe2+��Z�F�²�)H3+��ihwlhfm�_]h�fu�kqblZ_f�eb-
lb_\uf�K�ZgZeh]hf�Zjn\_^khgblZ�

M� dhjgblZ� ihabpby� K� \� nhjfme_� IMA ��� bf__l� \b^�

(Mg2Mn3+
2Li) �b�aZjy^������koh^gZ�k�nhjfmehc�ebd_blZ��aZ�bkdex-

q_gb_f�lh]h��qlh�dZlbhgu�lbiZ�F�ihabpbb�K�ij_^klZ\e_gu�Mn3+,
Z�g_�)H3+���lh�_klv�\�ihabpbb�K�bf__lky�^\Z�dZlbhgZ��hlebqZxsbo

_]h� hl� ghjfZlb\guo�� <� fbg_jZeh]bb� b� ]_hobfbb� ijbgylh�� qlh

Mn3+� ]_hobfbq_kdb� [eb`_� d� )H3+�� q_f� d�Al ��ihwlhfm� dhjgbl�fu
hlghkbf�d�fZj]Zgp_\h�eblb_\hfm��beb�eblb_\h�fZj]Zgp_\hfm��K�

ZgZeh]m�fZ]g_abhZjn\_^khgblZ�

LZdbf�h[jZahf��jZkkfhlj_gu�ihqlb�\k_�ghjfZevgu_�Zfnb-
[heu�� ijb\_^zgguo� IMA ��� \� ]jmiiZo� dZevpb_\uo�� gZljb_\h�

dZevpb_\uo�b�gZljb_\uo��<\_^_gb_�ihgylby�ZgZeh]�ghjfZlb\gh-
]h� Zfnb[heZ� iha\hey_l� jZaf_sZlv� Zfnb[heu�� hlebqZxsb_ky� hl

ghjfZlb\guo�ih�khklZ\m��\�hij_^_ezggu_�yq_cdb�fZljbqghc�fh-
^_eb�ghf_gdeZlmju�b�jZkkfZljb\Zlv�bo�\�khklZ\_�khhl\_lkl\mx-
sbo�k_jbc�ghjfZlb\guo�Zfnb[heh\�

Mg-Fe-Mn-Li �Zfnb[heu
Mg-Fe-Mn-Li� Zfnb[heu� �fhghdebggu_� b� jhf[bq_kdb_��

\u^_e_ggu_� IMA ��� \� hl^_evgmx� ]jmiim�� \� jZfdZo� fZljbqghc

fh^_eb�fh]ml� [ulv� jZkkfhlj_gu� dZd� ZgZeh]b�� \� khhl\_lkl\bb� k

ij_^klZ\e_gbyfb�h[�ZgZeh]Zo�

Ij_^\Zjbl_evgh�g_h[oh^bfh�ijhZgZebabjh\Zlv�]jZgbqgu_

mkeh\by�� ijbf_gy_fu_ IMA��� ^ey� wlhc� ]jmiiu�� <ur_� hlf_qZ-
ehkv��qlh�^ey�dZevpb_\uo��gZljb_\h�dZevpb_\uo�b�gZljb_\uo�Zf-
nb[heh\� IMA ��� mklZgZ\eb\Z_l� bgu_� ]jZgbpu� kh^_j`Zgbc� Si� \
ihabpbb�L�� q_f� ^ey�Mg-Fe-Mn-Li� Zfnb[heh\��<� khhl\_lkl\bb� k
eh]bdhc�IMA97 Mg-Fe-Mn-Li�Zfnb[heu�^he`gu�jZkkfZljb\Zlvky
\�dZq_kl\_�hl^_evghc�]jmiiu�b�^ey�gbo�fh`gh�ihkljhblv�hl^_ev-
gmx�fZljbpm� k� bgufb� ]jZgbqgufb� mkeh\byfb� kh^_j`Zgbc�Si� \
ihabpbb�L��H^gZdh��k�lhqdb�aj_gby�fZljbqghc�fh^_eb�ghf_gdeZ-
lmju� Zfnb[heh\�� ij_^klZ\ey_lky� [he__� jZpbhgZevguf� ijbgylv

^ey�Mg-Fe-Mn-Li�Zfnb[heh\�l_�`_�]jZgbpu�ih�Si��qlh�b�^ey�dZev-
pb_\uo�� gZljb_\h�dZevpb_\uo� b� gZljb_\uo�� Lh]^Z�� gZ� hkgh\_

kjZ\gbl_evgh]h� ZgZebaZ�� bo� fh`gh� ihklZ\blv� \� khhl\_lkl\b_� k

dhg_qgufb�qe_gZfb�hij_^_ezgguo� k_jbc�ghjfZlb\guo� Zfnb[h-
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eh\�� Lh� _klv�� jZkkfhlj_lv� bo� \� dZq_kl\_� ZgZeh]h\� ghjfZlb\guo

Zfnb[heh\��g_�mfZeyy�bo�klZlmkZ�fbg_jZevguo�\b^h\��

H[jZsZ_l�gZ�k_[y�\gbfZgb_�b�lh��qlh�[hevrbgkl\h�nhjfme

Mg-Fe-Mn-Li�Zfnb[heh\��ijb\h^bfuo� IMA ����g_�khhl\_lkl\mxl

h[s_c�nhjfme_�Zfnb[heh\�lhc�`_� IMA ����B�_keb��d�ijbf_jm��m

ZglhnbeeblZ�b�dmffbg]lhgblZ�ijhklh�h[t_^bg_gu�ihabpbb�<�b�K

�\b^�nhjfmeu�IMA97: []Mg 7Si8O22(OH)2 — Leak_ et al.���������lh�m
`_^jblh\�eh]bdZ�nhjfme�\hh[s_�g_�ihgylgZ�²�ihabpby�K�jZa^_-
e_gZ�� b� h^gZ� _z� qZklv� h[t_^bg_gZ� k� ihabpb_c�<�� Z� \lhjZy� ij_^-
klZ\e_gZ� \� \b^_� hl^_evgh]h� jZ^bdZeZ� �\b^� nhjfmeu� IMA97:
[]Mg5Al2Si6Al 2O22(OH)2 — Leak_ et al.���������Ih�\b^bfhfm��\�kh-
hl\_lkl\bb�k�h[s_c�nhjfmehc�Zfnb[heh\��nhjfmeu�ZglhnbeeblZ

b� dmffbg]lhgblZ� ^he`gu� bf_lv� \b^�� []Mg 2Mg5Si8O22(OH)2�� Z
`_^jblZ�� []Mg2(Mg3Al2)(Si6Al 2)O22(OH)2�� Ijb� lZdhf� gZibkZgbb
nhjfme� kjZ\gbl_evguc� ZgZeba� agZqbl_evgh� mijhsZ_lky�� LZdbf

`_� h[jZahf� g_h[oh^bfh� ljZgknhjfbjh\Zlv� nhjfmeu� b� ^jm]bo

Mg-Fe-Mn-Li�Zfnb[heh\�
<�dZq_kl\_�ZgZeh]h\�Mg-Fe-Mn-Li�Zfnb[heu�\�jZfdZo�fZl-

jbqghc�fh^_eb�\u]ey^yl�ke_^mxsbf�h[jZahf�

K_jby�lj_fheblZ

— dmffbg]lhgbl�²�fhghdebgguc�fZ]gb_\uc�<�ZgZeh]�lj_-
fheblZ�

— Zglhnbeebl�²� jhf[bq_kdbc�fZ]gb_\uc�<�ZgZeh]� lj_fh-
eblZ�

— fZg]Zghdmffbg]lhgbl� ²� fZj]Zgph\bkluc� <�ZgZeh]� lj_-
fheblZ�

— ]jxg_jbl�²�fhghdebgguc�`_e_abkluc�<�ZgZeh]�n_jjh-
ZdlbgheblZ�

— n_jjhZglhnbeebl� ²� jhf[bq_kdbc� `_e_abkluc� <�ZgZeh]

n_jjhZdlbgheblZ�

— fZg]Zgh]jxg_jbl� ²� fZj]Zgph\bkluc� <�ZgZeh]� n_jjhZd-
lbgheblZ�

— i_jfZg]Zgh]jxg_jbl� ²� fZj]Zgph\bklh�fZj]Zgph\bkluc

<K�ZgZeh]�n_jjhZdlbgheblZ�

K_jby�w^_gblZ

— gZljhZglhnbeebl� ²� jhf[bq_kdbc� fZ]gb_\uc� <�ZgZeh]

w^_gblZ�

— gZljhn_jjhZglhnbeebl� ²� jhf[bq_kdbc� `_e_abkluc� <�ZgZ-
eh]�n_jjhw^_gblZ.
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K_jby�q_jfZdblZ

— `_^jbl�²�jhf[bq_kdbc�fZ]gb_\uc�<�ZgZeh]�Zexfbghq_j-
fZdblZ�

— n_jjh`_^jbl� ²� jhf[bq_kdbc�`_e_abkluc�<�ZgZeh]� Zex-
fbghn_jjhq_jfZdblZ�

K_jby�iZj]ZkblZ

— gZljh`_^jbl�²� jhf[bq_kdbc�fZ]gb_\uc�<�ZgZeh]� iZj]Z-
kblZ�

— gZljhn_jjh`_^jbl� ²� jhf[bq_kdbc� `_e_abkluc� <�ZgZeh]

n_jjhiZj]ZkblZ�

K_jby�]eZmdhnZgZ

— ohefd\bklbl�²�jhf[bq_kdbc�eblb_\uc�<�ZgZeh]� ]eZmdh-
nZgZ�

— debghohefd\bklbl� ²� fhghdebgguc� eblb_\uc� <�ZgZeh]

]eZmdhnZgZ�

— n_jjhohefd\bklbl� ²� jhf[bq_kdbc� eblb_\uc� <�ZgZeh]

n_jjh]eZmdhnZgZ�

— debghn_jjhohefd\bklbl�²�fhghdebgguc�eblb_\uc�<�ZgZ�

eh]�n_jjh]eZmdhnZgZ�

— n_jjbdebghohefd\bklbl�²� eblb_\uc�<�ZgZeh]�fZ]g_abh-
jb[_dblZ�

— n_jjbdebghn_jjhohefd\bklbl� ²� eblb_\uc� <�ZgZeh]� jb-
[_dblZ�

>ey�Mg-Fe-Mn-Li�Zfnb[heh\�\�fZljbqghc�fh^_eb�ijbf_-
g_gu�l_�`_�]jZgbqgu_�mkeh\by�ih�kh^_j`Zgbx�Si��qlh�b�^ey�hk-
lZevguo�Zfnb[heh\�

Ke_^m_l�ij_^iheZ]Zlv��qlh�fh]ml�[ulv�hldjulu�Zfnb[heu�

y\eyxsb_ky�<�ZgZeh]Zfb�dhg_qguo�qe_gh\�l_o�k_jbc�ghjfZlb\-
guo� Zfnb[heh\�� dhlhju_� ]jZgbqZl� k� k_jb_c� lj_fheblZ�� lh� _klv

k_jbb�w^_gblZ�b�k_jbb�]hjg[e_g^blZ��>_ckl\bl_evgh��ijb�kh^_j-
`Zgbb�Si�gb`_� ����n��_��dhfi_gkZpby�iZ^_gby� aZjy^Z�ihabpbb�L
[m^_l�ijhbkoh^blv�eb[h� aZ� kqzl�ij_bfms_kl\_ggh]h�gZjZklZgby

aZjy^Z� ihabpbb� :�� eb[h� ²� ihabpbb� K� �<� ²� aZnbdkbjh\ZgZ��

GZijbf_j�� dmffbg]lhgbl�� \� i_j\hf� kemqZ_� hg� \� fZljbp_� dZd

[u�i_j_f_sZ_lky�\gba�ih�\_jlbdZeb��\�k_jbx�w^_gblZ��b�wlh�[m-
^_l�� mkeh\gh�� ©gZljbcdmffbg]lhgblª� k� ij_^iheZ]Z_fhc� nhjfm-
ehc�� NaMg2Mg5Si7AlO22(OH)2 �beb� ih� eh]bd_� IMA97,
NaMg7Si7AlO22(OH)2���Bgufb�keh\Zfb��wlh�[m^_l�fhghdebgguc�fZ]-
gb_\uc�<�ZgZeh]�w^_gblZ��Zfnb[heu�k�ih^h[ghc�nhjfmehc�\�ebl_-
jZlmj_� ba\_klgu��� <hafh`_g� lZd`_� ©gZljbc]jxg_jblª�� dZd� fhgh-
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debgguc�`_e_abkluc�<�ZgZeh]�n_jjhw^_gblZ��jhf[bq_kdb_�fZ]gb_-
\u_�<�ZgZeh]b�\�wlhc�k_jbb�m`_�_klv���<h�\lhjhf�kemqZ_�lhl�`_�dmf-
fbg]lhgbl�i_j_f_klblky�lh`_�\gba��gh�ih�^bZ]hgZeb��\�k_jbx�]hjg-
[e_g^blZ�²�wlh�[m^_l��\�aZ\bkbfhklb�hl�lh]h��dZdbf�dZlbhghf�ij_^-
klZ\e_g�lbi�F�ihabpbb�K� �Fe3+ beb Al���fZ]gb_\uc�<�ZgZeh]��eb[h
n_jjbfZ]g_abh]hjg[e_g^blZ��eb[h�fZ]g_abh]hjg[e_g^blZ�

:ghfZevgu_�Zfnb[heu

<� gZklhys__� \j_fy� ba\_klgu� ljb� ZghfZevguo� Zfnb[heZ�

d_jkmlbl�b�n_jjhd_jkmlbl� k� kmffZjgufb� dZlbhggufb� aZjy^Zfb

�����b�mg]Zj_llbbl�k�aZjy^hf������NhjfZevgh�hgb�g_�jZaf_sZxl-
ky�\�ihe_�fZljbpu�ghjfZlb\guo�Zfnb[heh\�\�kbem�_z�`zkldhklb

ih�aZjy^Zf�b��dZd�mdZau\Zehkv�\ur_��^ey�gbo�^he`gu�[ulv�jZa-
\zjgmlu�k\hb�fZljbpu��Gh�ihkdhevdm�bo�\k_]h�ljb��lh�ijhs_�eb-
[h� bo� jZkkfZljb\Zlv� \hh[s_� hl^_evgh�� \g_� fZljbqghc� fh^_eb�

eb[h� ihiulZlvky� ijb\_klb� d� \b^m� ghjfZevguo� Zfnb[heh\��Ih-
ke_^g__�fh`gh�k^_eZlv��gh�lhevdh�mkeh\gh��ke_^mxsbf�h[jZahf�

<�d_jkmlblZo�ba[ulhqguc�dZlbhgguc�aZjy^�ihy\ey_lky�\�k\yab�k

\oh`^_gb_f�\�ihabpbx�K�q_lujzo\Ze_glgh]h�Ti��Dhfi_gkbjm_lky
hg� ihy\e_gb_f� \� Zgbhgghc� ihabpbb� D� h^gh]h� ^\mo\Ze_glgh]h

dbkehjh^Z� \f_klh� h^ghc� h^gh\Ze_glghc� ]jmiibjh\db� �HG��

Fh`gh��bkdexqbl_evgh�mkeh\gh�� khdjZlblv�dZlbhgguc�b� Zgbhg-
guc�aZjy^u�gZ�_^bgbpm��ijb\_^y�bo�d�\b^m������±�����ijbqzf�^ey

ihabpbb�K� k^_eZlv� wlh� aZ� kqzl� Ti��Lh]^Z� ihabpby�K� d_jkmlblh\
ijbf_l�\b^��L4M��K�mqzlhf�[ZeZgkZ�dZlbhgh\�\�^jm]bo�ihabpbyo

d_jkmlblu�fh`gh�mkeh\gh�ihklZ\blv�\�khhl\_lkl\b_�k_jbb�iZj]Z-
kblZ�b�kqblZlv� �k�mqzlhf�lh]h��qlh�Ti� ]_hobfbq_kdb�[eb`_�d�Fe,
q_f� d�Al ��� d_jkmlbl�²� lblZgh\uf�K�ZgZeh]hf�fZ]g_abh]Zklbg]-
kblZ��Z�n_jjhd_jkmlbl�²�lblZgh\uf�K�ZgZeh]hf�]Zklbg]kblZ�

<�ihabpbb�K�mg]Zj_llbblZ�ijbkmlkl\mxl�ljb�dZlbhgZ�0Q3+

�ihabpby� K� bf__l� g_h[uqguc� \b^�� /2M3��� ij_\ur_gb_

kmffZjgh]h� dZlbhggh]h� aZjy^Z� ���� Dhfi_gkbjm_lky� lZdhc

ba[ulhqguc� aZjy^� aZ� kqzl� ihabpbb� '� aZf_ghc� ^\mo

h^gh\Ze_glguo� Zgbhgh\� gZ� ^\Z� ^\mo\Ze_glguo� dbkehjh^Z�

Ijh\_^zf� lZdmx� `_�� dZd� \� d_jkmlblZo�� mkeh\gmx� hi_jZpbx� k

khdjZs_gb_f� aZjy^h\� b� i_j_\_^zf� ^\Z� ba� ljzo� 0Q3+� \

^\mo\Ze_glgu_�� Lh]^Z� ihabpby� K� ijbf_l� \b^�� /40�� K� mqzlhf

[ZeZgkZ�dZlbhgh\�\�^jm]bo�ihabpbyo�mg]Zj_llbbl�fh`gh�mkeh\gh

ihklZ\blv�\� khhl\_lkl\b_� k_jbb� wd_jfZggblZ�b� kqblZlv� _]h�fZj-
]Zgph\bklh�fZj]Zgp_\uf�K�ZgZeh]hf�Zjn\_^khgblZ�

<ur_�[ue�knhjfmebjh\Zg�ijbgpbi�khhl\_lkl\by�jZ^bdZeh\�k

khojZg_gb_f�aZjy^Z�ihabpbb��aZ�kqzl�i_j_jZkij_^_e_gby�_]h�\gmljb

ihabpbb���>ey�ZghfZevguo�Zfnb[heh\�fh`_l�[ulv�knhjfmebjh\Zg
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\ZjbZgl� wlh]h� ijbgpbiZ�� ijbgpbi� khhl\_lkl\by� jZ^bdZeh\� k� dhf-
i_gkZpb_c�ba[ulhqgh]h�aZjy^Z�aZ�kqzl�Zgbhgghc�ihabpbb�

NhjfZebah\ZggZy�fZljbpZ

K�fZljbpZ�ghjfZlb\guo�Zfnb[heh\��lZ[e�����hibjZ_lky�gZ

`zkldmx�fZljbpm�aZjy^h\��lZ[e������Wlh�^Zzl�hkgh\Zgb_�nhjfZeb-
ah\Zlv�_z�\�\b^_��lZ[e�����<�nhjfZebah\Zgghc�fZljbp_�yq_cdb�hk-
gh\Zgbc�h[hagZq_gu��dZd�b�\�K�fZljbp_��Z�yq_cdb�ihey�fZljbpu

h[hagZq_gu�dZd�dZlbhgu�ihabpbc�:�<2 \�\b^_��[] �²�\ZdZgkby��R1+

b R2+� �gZ^kljhqguc� bg^_dk� hagZqZ_l� \Ze_glghklv� dZlbhgZ���>ey

emqr_c�\bamZebaZpbb�g_dhlhjuo�aZdhghf_jghkl_c�\�yq_cdZo�ihey

fZljbpu� h[hagZq_gby� \ZjbZglh\� aZiheg_gby� ihabpbc�:�<2 jZa-
g_k_gu�ih�ijhlb\hiheh`guf�m]eZf�

:gZeba�nhjfZebah\Zgghc�fZljbpu�iha\hey_l�hlf_lblv�g_-
dhlhju_�aZdhghf_jghklb��lZ[e�����

�²�QZklv�yq__d�ihey�fZljbpu�kh^_j`bl�lhevdh�h^bg�\Zjb-
Zgl�aZiheg_gby�ihabpbc�:�<2 ([](R

1+)2�b�^j����Z�qZklv�²�^\Z�\Zjb-
ZglZ: ([](R2+)2 b R1+(R2+R1+)���Wlh�hagZqZ_l��qlh�dZ`^Zy�yq_cdZ�ih-
ey� fZljbpu� ij_^klZ\ey_l� kh[hc� kmi_jihabpbx�� dhlhjZy� fh`_l

kh^_j`Zlv�h^gm�beb�^\_�ihabpbb��:�dZ`^Zy�ihabpby��gZijbf_j�\

ijbeh`_gbb� d� K�fZljbp_� ghjfZlb\guo� Zfnb[heh\�� kh^_j`bl

k_jbx� ghjfZlb\guo� Zfnb[heh\� ba� ^\mo� beb� q_lujzo� dhg_qguo

qe_gh\�

²�<ZjbZglu� aZiheg_gby�ihabpbc�:�<2�\�ij_^_eZo�h^ghc

kljhdb�b�h^gh]h�klhe[pZ�g_�ih\lhjyxlky��Gh�hgb�ih\lhjyxlky�ih

^bZ]hgZeb��qlh�hij_^_ey_l�^bZ]hgZevguc�oZjZdl_j�\k_c�fZljbpu�

LZ[ebpZ���

NhjfZebah\ZggZy�fZljbpZ�ghjfZevguo�Zfnb[heh\

CVI 10+ 11+ 12+
L5 L4M L 3M2

L
IV

32+ [](R2+)2 [](R2+R1+)
Si8

R1+(R2+R1+) R1+( R1+)2 [](R1+)2

31+ R1+(R2+)2 [](R2+)2 [](R2+R1+)
Si7Al

R1+( R2+R1+) R1+(R1+)2

30+ R2+( R2+)2 R1+(R2+)2 [](R2+)2

Si6Al 2

R1+(R2+R1+)
29+ R2+( R2+)2 R1+(R2+)2

Si5Al 3
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²�<�nhjfZebah\Zgghc�fZljbp_�[he__�hlqzleb\h��ih�kjZ\-
g_gbx�k�K�fZljbp_c�ghjfZlb\guo�Zfnb[heh\��\u^_eyxlky�iZju

g_wd\b\Ze_glguo�jy^h\�ih�]hjbahglZeb�b�ih�\_jlbdZeb��Hgb�oh-
jhrh� \bamZebabjmxlky�� _keb� kh_^bgblv� ih� wlbf� gZijZ\e_gbyf

h^ghbf_ggu_� m]eu� yq__d� ihey� fZljbpu� �hl^_evgh� ²� \_jogbc

ijZ\uc�� b� hl^_evgh� ²� gb`gbc� e_\uc��� H^bg� ba� wlbo� jy^h\�

R2+(R2+)2 ↔ R1+(R2+)2 ↔ [](R2+)2 ↔ [](R2+R1+)�� oZjZdl_jbam_lky

h[yaZl_evguf� ijbkmlkl\b_f� R2+� \� ihabpbb� <� �mkeh\gh� gZa\Zg

©dZevpb_\ufª��� <lhjhc� jy^�� R1+(R2+R1+) ↔ R1+(R1+)2 ↔ [](R1+)2,
oZjZdl_jbam_lky� h[yaZl_evguf� ijbkmlkl\b_f� R1+� \� ihabpbb� <

�mkeh\gh� gZa\Zg� ©gZljb_\ufª��� Bf_ggh� wlb� jy^u� ihdZaZgu� \

K�fZljbp_�klj_edZfb��lZ[e�����

²�Hlf_q_ggu_�jy^u�h[jZamxl�\�ihe_�fZljbpu�^\_�g_aZ\b-
kbfu_� k_ldb��<� ij_^_eZo� dZ`^hc� ba� wlbo� k_lhd� Zfnb[heu� dhg-
dj_lguo�k_jbc��jZkiheZ]Zxsb_ky�\�maeZo�k_lhd��k\yaZgu�k�khk_^-
gbfb�k_jbyfb�ih�ljzf�gZijZ\e_gbyf��Ih�]hjbahglZeb��ihabpby�L

²� g_baf_ggZ�� ihabpbb�K� b�:�<2�²� \ZjbZglgu��Ih� \_jlbdZeb�

ihabpby�K�²� g_baf_ggZ�� ihabpbb� L� b�:�<2� ²� \ZjbZglgu��Ih

^bZ]hgZeb�jZ\guo�aZjy^h\��ihabpbb�:�<2 ²�g_baf_ggu��ihabpbb

K�b�L�²�\ZjbZglgu��Wlb�jy^u�hljZ`Zxl�gZijZ\e_gby�baf_g_gby

khklZ\Z� dhgdj_lguo� Zfnb[heh\� \� ijhp_kk_� bo� w\hexpbb� �ijb

j_ZebaZpbb�ijbjh^guo�ijhp_kkh\�� k\yaZgguo� k�f_lZfhjnbafhf�

ijbdhglZdlh\ufb� baf_g_gbyfb� b� ij���� LZdhc� \u\h^� k^_eZg� gZ

hkgh\Zgbb� lh]h�� qlh� ijb� ghf_gdeZlmjghf� ZgZeba_� Zfnb[heh\

jy^Z�h[t_dlh\�hlf_q_gh�ke_^mxs__��\�l_o�jZ[hlZo��]^_�ijh\h^b-
ebkv�dZdb_�eb[h�]_heh]bq_kdb_�j_dhgkljmdpbb�k�bkihevah\Zgb_f

Zfnb[heh\��gZijZ\e_gby�baf_g_gby�wlbo�Zfnb[heh\�kh]eZkmxlky

k�hlf_q_ggufb�jy^Zfb�b�k_ldZfb��dZd�fbgbfmf�²�gZ�mjh\g_�k_-
jbc���;he__�lh]h��hlf_qZ_lky�aZfudZgb_�\�lj_m]hevgbdb�\�ij_^_-
eZo�k_ldb��gZijbf_j��]hjg[e_g^bl�²�q_jfZdbl�²�iZj]Zkbl��ijb-
\_^_gu�gZa\Zgby�k_jbc��Z�g_�dhg_qguo�qe_gh\���beb��lj_fhebl�²

w^_gbl�²�]hjg[e_g^bl�

<�ihe_�K�fZljbpu��lZ[e�����bf__lky�ljb�imklu_�yq_cdb��gZ

i_j_k_q_gbyo�klhe[ph\�b�kljhd��L5 — Si6Al2, L4M — Si6Al2, L5 —
Si5Al3��I_j\u_�^\_�yq_cdb�oZjZdl_jbamxl�kmffZjguc�dZlbhgguc

aZjy^�ihabpbc�:�b�<��jZ\guc�����lj_lvy�²�����<� IMA ���ijb\h-
^blky�h^bg�Zfnb[he�k�kmffZjguf�aZjy^hf����wlbo�ihabpbc��dZg-
gbeehbl��Ijb� wlhf�nhjfmeZ� IMA ��� dZggbeehblZ� g_� \iheg_� kh-
]eZkm_lky� k� nhjfmehc� i_j\hbklhqgbdZ� �Hawthorne et al., 1996).
<h�i_j\uo��\�hjb]bgZe_�ihabpby�D�ij_^klZ\e_gZ�F2�� lh� _klv� wlh

nlhjbkluc� D�ZgZeh]� ]bihl_lbq_kdh]h� ghjfZlb\gh]h� Zfnb[heZ�

<h�\lhjuo��\�hjb]bgZe_�kh^_j`Zgb_�Si�[he__�����n��_���lh�_klv�ih-
abpby�L� ^he`gZ� ^bkdj_lbabjh\Zlvky� ^h� \b^Z�Si6Al2�� Z� g_�Si5Al3,
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dZd�\��Hawthorne et al., 1996��b�IMA ����Djhf_�lh]h��ohly�\�p_ehf

nhjfmeZ� k[ZeZgkbjh\ZgZ�� \� dZggbeehbl_�� ih�\b^bfhfm�� bf__l

f_klh�keh`guc�^jh[guc�[ZeZgk�dZlbhgguo�aZjy^h\�ih�ihabpbyf�

<�k\yab�k�wlbf�aZjy^�ihabpbb�:�kh\k_f�g_fgh]h�i_j_oh^bl�djb-
lbq_kdbc� ������ iha\heyxsbc� ^bkdj_lbabjh\Zlv� _]h� ^h� p_eh]h

������ L_f� g_� f_g__�� ^ey�fZljbqghc� fh^_eb� \Z`gh�� qlh� j_Zevgh

kms_kl\m_l�Zfnb[he��\�dhlhjhf�[he__�iheh\bgu�ihabpbb�:�aZk_-
e_gh� ^\mo\Ze_glguf� dZlbhghf�� Wlh� iha\hey_l� hldjulv� yq_cdb

ihey�fZljbpu�k�[ZeZgkhf�dZlbhgh\�ihabpbc�:�<2�\b^Z��R
2+(R2+)2,

qlh�b�mql_gh�\�nhjfZebah\Zgghc�fZljbp_��lZ[e�����

>ey� lh]h�� qlh[u� kmffZjguc� dZlbhgguc� aZjy^� ihabpbc

:�<2�khklZ\be�����g_h[oh^bfh�ijbkmlkl\b_�\�wlbo�ihabpbyo�ohly

[u�h^gh]h�dZlbhgZ�k�aZjy^hf�[he__�����:�ihkdhevdm�lZdb_�Zfnb-
[heu�ihdZ�g_�ba\_klgu��yq_cdZ�ihey�fZljbpu�k�aZjy^hf�����hlgh-
kblky�d�mkeh\gh�aZij_szgguf�

Eh]bq_kdZy�fZljbpZ

Eh]bdZ�Zjobl_dlmju�nhjfZebah\Zgghc�fZljbpu�ih^kdZau-
\Z_l��qlh�hgZ�y\ey_lky�qZklvx�dZdhc�lh�[he__�h[rbjghc�fZljbpu�

Ke_^my� nhjfZevghc� eh]bd_�� ijh^he`bf� hkgh\Zgby� nhjfZebah-
\Zgghc�fZljbpu�� ]hjbahglZevgh]h�²� ^h�L2M3 ↔ LM4 ↔ M5��b

\_jlbdZevgh]h�²� ^h�Si4Al4 ↔ Si3Al 5 ↔ Si2Al 6 ↔ SiAl7 ↔ Al8.
<�j_amevlZl_�ihemqbeZkv�g_dZy�h[sZy�fZljbpZ��gZah\zf�_z�©eh]b-
q_kdZyª�� lZ[e�� ���Eh]bq_kdZy�fZljbpZ� khojZgy_l� kljmdlmjm�nhj-
fZebah\Zgghc� fZljbpu�� jZa\b\Zy� _z� \� h[eZklb�� ]^_� ijbjh^gu_

Zfnb[heu�ihdZ�g_�ba\_klgu��<�eh]bq_kdhc�fZljbp_�[he__�hlqzl-
eb\h� ijhy\e_gu� aZdhghf_jghklb�� hlf_q_ggu_� ijb� ZgZeba_�nhj-
fZebah\Zgghc�fZljbpu��qzldh�ijhy\ey_lky�^bZ]hgZevguc�oZjZd-
l_j�fZljbpu��hgZ�ijbh[j_lZ_l�e_glhqguc�\b^��b�wlZ�e_glZ�\�ihi_-
j_qghf�gZijZ\e_gbb�iheyjgZ�

<�K�fZljbp_�b�\�nhjfZebah\Zgghc�fZljbp_�^ey�yq__d�k�aZ-
jy^hf�����jZkkfZljb\Zeky�lhevdh�h^bg�\ZjbZgl�[ZeZgkZ�dZlbhgh\

ihabpbc�:�<2�� Z�bf_ggh��Na(Ca)2 beb�R
1+(R2+)2�� khhl\_lkl\_ggh�

Ke_^my�nhjfZevghc�eh]bd_��fu�h[yaZgu�ij_^mkfhlj_lv�_sz�h^bg

\ZjbZgl�²�R2+(R2+R1+)�beb��^ey�K�fZljbpu��Ca(CaNa)��<\_^_gb_
wlh]h� \ZjbZglZ� \� eh]bq_kdmx� fZljbpm� g_� gZjmrZ_l� ijhke_`b-
\Zxsboky� aZdhghf_jghkl_c�� [he__� lh]h� ²� hgZ� ijbh[j_lZ_l� aZ-
\_jrzgguc�\b^��bkq_aZ_l�ijh[_e�f_`^m�^bZ]hgZeyfb�R2+(R2+R1+)
b� R2+(R2+)2�� ijbkmlkl\mxsbc� \� nhjfZebah\Zgghc� fZljbp_��

<� gZklhys__� \j_fy� hlkmlkl\mxl� ^Zggu_� h� j_Zevghf� kms_kl�

\h\Zgbb�ijbjh^guo�Zfnb[heh\�k�lZdbf�[ZeZgkhf�dZlbhgh\�ihab-
pbc��:�<2���B���ih�\b^bfhfm���h[jZah\Zgb_��lZdbo�Zfnb[heh\�ijy-
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LZ[ebpZ���

Eh]bq_kdZy�fZljbpZ

CVI 10+ 11+ 12+ 13+ 14+ 15+
TIV L5 L4M L 3M2 L2M3 LM 4 M5

32+ [](R2+)2 [](R2+R1+)
Si8

R1+(R2+R1+) R1+( R1+)2 [](R1+)2

31+ R1+(R2+)2 [](R2+)2 [](R2+R1+)
Si7Al

R2+(R2+R1+) R1+( R2+R1+) R1+(R1+)2 [](R1+)2

30+ R2+( R2+)2 R1+(R2+)2 [](R2+)2 [](R2+R1+)
Si6Al 2

R2+(R2+R1+) R1+(R2+R1+) R1+(R1+)2 [](R1+)2

29+ R2+( R2+)2 R1+(R2+)2 [](R2+)2 [](R2+R1+)
Si5Al 3

R2+(R2+R1+) R1+(R2+R1+) R1+(R1+)2 [](R1+)2

28+ R2+( R2+)2 R1+(R2+)2 [](R2+)2 [](R2+R1+)
Si4Al 4

R2+(R2+R1+) R1+(R2+R1+) R1+(R1+)2

27+ R2+( R2+)2 R1+(R2+)2 [](R2+)2

Si3Al 5

R2+(R2+R1+) R1+(R2+R1+)
26+ R2+( R2+)2 R1+(R2+)2

Si2Al 6

R2+(R2+R1+)
25+ R2+( R2+)2

SiAl7
24+

Al8

Ijbf_qZgb_: ihe_�Zfnb[heh\�,0$���\u^_e_gh�^\hcghc�ebgb_c.
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fuf�imlzf� �ba�jZkieZ\h\��nexb^h\��]b^jhl_jfZevguo�jZkl\hjh\

b� l��i��� \jy^� eb� \hafh`gh��Gh� \�ijhp_kk_� w\hexpbb� �gZijbf_j�

ijb�f_lZfhjnbaf_��^jm]bo�Zfnb[heh\��h[jZah\Zgb_�lZdbo�Zfnb-
[heh\�� \� khhl\_lkl\bb� k� hlf_q_ggufb� k_ldZfb�� g_� aZij_s_gh�

LZd�� ijb� f_lZfhjnbaf_� jbol_jblh\� k� mf_gvr_gb_f�Si beb� ijb
w\hexpbb� dZlhnhjblh\� k� baf_g_gb_f� [ZeZgkZ� lbih\� dZlbhgh\

ihabpbb�K�hl�L40�^h�L5��\iheg_�fh`_l�ijhbahclb�aZf_s_gb_�Na
\�ihabpbb�:�gZ�KZ��Lh�_klv��fh`_l�\hagbdgmlv�Zfnb[he�k�[ZeZg-
khf�dZlbhgh\�ihabpbc�:�b�<�\b^Z��Ca(CaNa)��\�fZljbp_�_]h�f_klh
\�yq_cd_�k�w^_gblhf� �\�dZq_kl\_�\lhjhc�k_jbb���Ih^h[gu_�Zfnb-
[heu�\hafh`gu�lZd`_�\�yq_cdZo�k�iZj]Zkblhf�b�kZ^ZgZ]Zblhf�

Ijb�jZa\zjlu\Zgbb�eh]bq_kdhc�fZljbpu�fu�hlf_lbeb��qlh

hgZ�jZa\b\Z_l�nhjfZebah\Zggmx�fZljbpm�\�h[eZklb��]^_�ijbjh^-
gu_�Zfnb[heu�ihdZ�g_�ba\_klgu��Wlh�g_�kh\k_f�lZd��Kms_kl\m_l

lZdhc�fbg_jZe�²�^`hkfblbl��<�jZ[hl_��Moore��������ijb\h^blky
ke_^mxsZy�_]h�nhjfmeZ�

(Ca0.6Pb0.4)Ca2(Mg2.4Fe2+
0.6)3(Fe3+

1.8Al 0.2)2(Si6Be2)O22(OH)2.

Hkh[_gghklv� ^`hkfblblZ� \� [ZeZgk_� dZlbhgh\� ihabpbb� L�

?z�aZjy^�khklZ\ey_l������qlh��ih�ijbgpbim�khhl\_lkl\by�jZ^bdZ-
eh\�� kh]eZkm_lky� k� [ZeZgkhf� dZlbhgh\� ihabpbb� L� \b^Z�� Si4Al4

ghjfZevguo�Zfnb[heh\��LZdbf�h[jZahf��^`hkfblbl�jZaf_sZ_lky

aZ� � ij_^_eZfb� nhjfZebah\Zgghc� fZljbpu� b� K�fZljbpu�� gh� \

yq_cd_�eh]bq_kdhc�fZljbpu�hg�gZoh^blky�gZ�i_j_k_q_gbb�kljhdb

Si4Al4�b�klhe[pZ�L3M2��b�y\ey_lky�[_jbeeb_\uf�L�ZgZeh]hf�ghj-
fZlb\gh]h� Zfnb[heZ� g_ba\_klghc� ihdZ� k_jbb� k� q_lujvfy� \ha-
fh`gufb� dhg_qgufb� qe_gZfb�� Hlf_lbf� lZd`_�� qlh� [ZeZgk� dZ-
lbhgh\�ihabpbc�:�b�<�^`hkfblblZ�ih^l\_j`^Z_l�j_Zevghklv�^bZ-
]hgZeb�\�fZljbqghc�fh^_eb�k�[ZeZgkhf�R2+(R2+)2.

Ijb�hibkZgbb�kZ^ZgZ]ZblZ�ba�Ijbhevohgvy�qZklv�ZgZebah\�

ijb\_^zgguo�\�jZ[hl_��Fbg_jZeu��KijZ\�����������oZjZdl_jbam_l-
ky� kh^_j`Zgb_f�Si <� ����n�� _��� lh� _klv� ihabpby� L� ^he`gZ� [ulv
^bkdj_lbabjh\ZgZ�^h�Si4Al4��;ZeZgk�dZlbhgh\�\�^jm]bo�ihabpbyo

iha\hey_l�ihf_klblv�wlb�Zfnb[heu�\�yq_cdm�eh]bq_kdhc�fZljbpu

gZ�i_j_k_q_gbb�kljhdb�Si4Al4�b�klhe[pZ�L2M3��Wlh�lh`_�g_ba\_kl-
gZy�ihdZ�k_jby��jZkiheZ]ZxsZyky�aZ�ij_^_eZfb�nhjfZebah\Zgghc

fZljbpu�b�K�fZljbpu��b�hgZ�lZd`_�kh^_j`bl�q_luj_�\hafh`guo

dhg_qguo�qe_gZ�

K� ihy\e_gb_f� kZ^ZgZ]ZblZ�� [ueZ� hldjulZ� ^ey� aZiheg_gby

]hjbahglZev� fZljbpu� k� [ZeZgkhf� dZlbhgh\� ihabpbb� L�� Si5Al3.
Ijb\_^zggu_�\ur_�ijbf_ju�hldju\Zxl�^ey�aZiheg_gby�]hjbahg-
lZev�Si4Al4 fZljbpu�b�\_jlbdZev�L2M3.
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LZdbf�h[jZahf��fZljbqgZy�fh^_ev�ghf_gdeZlmju�fbg_jZ-
eh\�]jmiiu�Zfnb[heh\�

²� y\ey_lky� eh]bq_kdb� g_ijhlb\hj_qb\hc� dhgkljmdpb_c�

hgZ�iha\hey_l�k\yaZlv�\k_�ba\_klgu_�\�gZklhys__�\j_fy�Zfnb[h-
eu�\�_^bgmx�kbkl_fm�b�ij_^klZ\blv�wlm�kbkl_fm�\�hlghkbl_evgh

dhfiZdlghf�^\mf_jghf�ihe_;
²�ihkljh_gZ�ih�bghc�eh]bd_��q_f�IMA ����gh�\iheg_�k�g_c

kh]eZkm_lky��\f_kl_�k�l_f�hgZ�y\ey_lky�[he__�kljh]hc��ih�kjZ\g_-
gbx�k�IMA ����lZd�dZd�\�g_c�bkihevam_lky�`zkldZy�k\yav�ih�aZjy-
^Zf� ihabpbc�� Z� lZd`_� ^ey� \k_o� Zfnb[heh\� ijbf_g_gu� _^bgu_

]jZgbqgu_�mkeh\by�[ZeZgkZ�dZlbhgh\�b�Zgbhgh\�ih�ihabpbyf�

²� h[eZ^Z_l� ijh]ghagufb� \hafh`ghklyfb�� h� qzf� k\b^_-
l_evkl\mxl�dZd�jZkkfhlj_ggu_�ijbf_ju�k�Zfnb[heZfb�aZ�ij_^_-
eZfb�ihey�ba\_klguo�Zfnb[heh\��lZd�b�\\_^_gb_�gh\uo�dhg_qguo

qe_gh\�\�jy^_�k_jbc�ghjfZlb\guo�Zfnb[heh\�

²�\bamZebabjm_l�g_dhlhju_�aZdhghf_jghklb�\aZbfhk\ya_c

jZaguo�Zfnb[heh\��g_wd\b\Ze_glgu_�jy^u�b�k_ldb���\�IMA ���hgb

ijbkmlkl\mxl��gh�\�kdjulhf�\b^_�²�bo�hq_gv�keh`gh�\uy\blv�b

ijhke_^blv�

²�iha\hey_l�j_rblv�ijh[e_fm�jZa^_e_gby�`_e_aZ�\�\b^_�

[ebadhf� d� j_Zevghfm�� qlh� y\ey_lky� _z� \Z`g_crbf� ijbdeZ^guf

Zki_dlhf�

²� ij_^klZ\ey_l� h^gm� ba� kZfuo� keh`guo� ]jmii� kbkl_fu

fbg_jZeh]bb��]jmiim�Zfnb[heh\��\�\b^_��m^h[ghf�^ey�ijZdlbq_-
kdh]h� bkihevah\Zgby� ijb� ijh\_^_gbb� jZaebqguo� ]_heh]h�

fbg_jZeh]bq_kdbo� jZ[hl� �ghf_gdeZlmjguc� ZgZeba�� kjZ\gbl_ev-
guc�ZgZeba�jZaguo�h[t_dlh\��oZjZdl_jbklbdZ�f_lZfhjnbafZ�b�_]h

gZijZ\e_gghklb�b�l��^����hkh[_ggh�hgZ�m^h[gZ�ijb�jZ[hl_�k�[hev-
rbf�fZkkb\hf�^Zgguo�

1. 3. H[jZah\Zgb_�gZa\Zgbc�Zfnb[heh\

I0$��� j_dhf_g^m_l� ijbk\Zb\Zlv� h^gh� dhjg_\h_� gZa\Zgb_

]jmiibjh\dZf� Zfnb[heh\�� bf_xsbo� h^bgZdh\h_� jZkij_^_e_gb_

aZjy^h\�ih�kljmdlmjguf�ihabpbyf�²�\�fZljbqghc�fh^_eb�lZdb_

]jmiibjh\db�bf_xl�klZlmk�k_jbb��JZaebqZlv�`_�Zfnb[heu�\gmljb

lZdbo�]jmiibjh\hd�ij_^eZ]Z_lky�^h[Z\e_gb_f�d�dhjg_\hfm�gZa\Z-
gbx�ijbklZ\db��h[hagZqZxs_c�ij_h[eZ^Zxsbc�dZlbhg�beb�Zgbhg

\�lhc�beb�bghc�ihabpbb��>ey�wlh]h�\�,0$���ijb\h^blky�lZ[ebpZ

ijbklZ\hd�� \� dhlhjhc� hij_^_e_gh�� ijZ\hibkZgb_� ijbklZ\db�� h[-
eZklv�ijbeh`_gby��]jZgbqgu_�mkeh\by�ijbf_g_gby���bkihevah\Z-
gb_�ijbklZ\db� \� lhc�beb�bghc� ]jmii_��<FH���ijb\h^bl� ZgZeh-
]bqgmx� lZ[ebpm� ijbklZ\hd�� \� dhlhjhc� ^ZgZ� bo� jmkkdZy� ljZgk-
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djbipby��Ijb�kjZ\g_gbb�lZ[ebp�\b^gh��qlh�jmkkdZy�ljZgkdjbipby

g_dhlhjuo�ijbklZ\hd�g_kdhevdh�hlebqZ_lky�hl�Zg]ebckdhc��K�p_-
evx�ijb[eb`_gby�ijZ\hibkZgby�l_jfbgh\�\�jmkkdhf�yaud_�d�Zg]-
ebckdhfm�hjb]bgZem��Z�lZd`_�k�mqzlhf�jblfbdb�jmkkdh]h�yaudZ��\

gZklhys_c� jZ[hl_� g_dhlhju_� ijbklZ\db� g_kdhevdh� baf_g_gu�

lZ[e����

Ihykg_gby�d�baf_g_gbx�ijbklZ\hd�

���>ey� h[hagZq_gby� ij_h[eZ^Zgby� $O� gZ^� )H3+� \� ihabpbb� &

,0$��� ijbf_gy_l� ijbklZ\dm� ©DOXPLQR«ª��Wlh� k\yaZgh� k� l_f�� qlh

jZkijhkljZgzgguc� \�fbg_jZeh]bb� l_jfbg� ©DOXPR«ª�ijbgylh�ijb-
f_gylv� ^ey� h[hagZq_gby� Zexfbgby� \� l_ljZw^jbq_kdhc� dhhj^bgZ-
pbb��l��_��bahfhjngh]h�6L��;hdbc��������klj��������Ijbf_gyy�ijbklZ\-
dm�©DOXPLQR«ª�,0$���ih^qzjdb\Z_l�\oh`^_gb_�Zexfbgby�\�hdlZ-
w^jbq_kdmx� dhhj^bgZpbx�� l�� _�� bahfhjngh]h� )H3+�� <� <FH��

©DOXPLQR«ª� i_j_\_^_gh� dZd� ©Zexfh«ª��<� gZklhys_c� jZ[hl_� ijb

h[jZah\Zgbb�gZa\Zgbc�Zfnb[heh\�^ey�h[hagZq_gby�Zexfbgby�\�hd-
lZw^jbq_kdhc dhhj^bgZpbb� ijbf_gy_lky� ijbklZ\dZ� ©Zexfbgh«ª�

Z�g_�©Zexfh«ª��dZd�wlh�ij_^klZ\e_gh�\�<FH���
LZ[ebpZ�6

IjbklZ\db�^ey�h[hagZq_gby�dhg_qguo�qe_gh\�ghjfZlb\guo

Zfnb[heh\�b�bo�ZgZeh]h\

IMA97 <FH�� Baf_gzggu_

Alumino
Chloro
Chromio
Ferri
Ferro*
Fluoro
Magnesio*
Mangani
Mangano
Permangano
Potassic
Sodic
Titano
Zinco

:exfh

Oehj

Ojhf

N_jjb

N_jjh


Nlhj

FZ]g_abh


FZg]Zgb

FZg]Zgh

I_jfZg]Zgh

DZebc

GZljh

LblZgh

Pbgdh

:exfbgh

Oehjh

Ojhfh

Nlhjh

GZljbc

Ijbf_qZgby�  «*ª�±�ijbklZ\db��hlkmlkl\mxsb_�\�lZ[ebpZo�IMA97
b�<FH����gh�ijbf_gy_fu_�\�ghf_gdeZlmj_ (kf��l_dkl�IMA97 b�<FH��);

 �@bjguf� rjbnlhf� \u^_e_gu� ijbklZ\db�� ijbf_gy_fu_� \� gZ-
klhys_c�jZ[hl_�
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���>ey�h[hagZq_gby�ij_h[eZ^Zgby�)�beb�&O�gZ^�HG– IMA97
ijbf_gy_l�ijbklZ\db�©IOXRUR«ª�b�©FKORUR«ª��<FH���i_j_\h^bl

bo� dZd� ©nlhj«ª� b� ©oehj«ª��<� gZklhys_c� jZ[hl_� ijbf_gy_lky

ke_^mxs__�bo�ijZ\hibkZgb_��©nlhjh«ª�b�©oehjh«ª��<h�i_j\uo�

wlh�[eb`_�d�Zg]ebckdhc�ljZgkdjbipbb��\h�\lhjuo��l_jfbg�k�lZdhc

ijbklZ\dhc�ij_^klZ\ey_lky�[he__�jblfbq_kdb�k[ZeZgkbjh\Zgguf

�nlhjjbol_jbl�²�nlhjhjbol_jbl��

���>ey�h[hagZq_gby�ih\ur_ggh]h�kh^_j`Zgby�&U3+ IMA97
ijbf_gy_l�ijbklZ\dm� ©FKURPLR«ª��dhlhjZy�<FH���i_j_\h^blky

dZd�©ojhf«ª��Ba�l_o�`_�khh[jZ`_gbc��qlh�b�\�i�����\�gZrbo�ih-
kljh_gbyo�ijbf_gy_lky�©ojhfh…».

���>ey� h[hagZq_gby�ij_h[eZ^Zgby� .�beb� 1D� \�ihabpbb�:

,0$���ijbf_gy_l�ijbklZ\db�©SRWDVVLF«ª�b�©VRGLF«ª��bkihevamy

bo�\�h^bgZdh\hc�]jZffZlbq_kdhc�nhjf_��<FH���ij_^eZ]Z_l��kh-
hl\_lkl\_ggh�� ©dZebc«ª� b� ©gZljh«ª�� l�� _�� bkihevam_lky� jZagZy

]jZffZlbq_kdZy� nhjfZ�� <� gZklhys_c� jZ[hl_� hgb� ijb\_^_gu� d

_^bghc�nhjf_��©dZebc«ª�b�©gZljbc«ª�

Ihjy^hd�ijbf_g_gby�ijbklZ\hd

,0$��� g_� j_]eZf_glbjm_l� ihke_^h\Zl_evghklv� ijbkh_^b-
g_gby�ijbklZ\hd�d�dhjg_\uf�gZa\Zgbyf��<f_kl_�k�l_f��kms_kl\m-
xl� Zfnb[heu�� \� dhlhjuo� h^gh\j_f_ggh� \� g_kdhevdbo� ihabpbyo

j_Zebam_lky�bahfhjnbaf�bguo�dZlbhgh\�b�Zgbhgh\��ih�kjZ\g_gbx

k�dhjg_\ufb�Zfnb[heZfb��>ey�lZdbo�Zfnb[heh\�\hagbdZ_l�g_h[-
oh^bfhklv�ijbf_g_gby�^\mo�b�[he__�ijbklZ\hd��<�gZklhys_c�jZ-
[hl_�bkihevah\Zg�ke_^mxsbc�ihjy^hd�h[jZah\Zgby�gZa\Zgbc�Zf-
nb[heh\�k�ijbf_g_gb_f�ijbklZ\hd�

���GZ� i_j\hf�f_kl_� hl� dhjg_\h]h� gZa\Zgby� klZ\blky� ijb-
klZ\dZ�� h[hagZqZxsZy� \ZjbZpbx� dZlbhgh\� lbiZ� /� \� ihabpbb�K�

>ey� ghjfZlb\guo� Zfnb[heh\� wlh� ©n_jjh«ª� b� ©fZ]g_abh«ª

�gZij���fZ]g_abh]hjg[e_g^bl��n_jjhiZj]Zkbl���>ey�ZgZeh]h\�ghj-
fZlb\guo�Zfnb[heh\�^h[Z\eyxlky�©fZg]Zgh«ª�b�©pbgdh«ª�

��� Ke_^mxs_c� hl� dhjg_\h]h� gZa\Zgby� ijbf_gy_lky� ijb-
klZ\dZ��hagZqZxsZy�\ZjbZpbx�dZlbhgh\�lbiZ�F�lhc�`_�ihabpbb

K��>ey�ghjfZlb\guo� Zfnb[heh\� wlh� ©n_jjb«ª� b� ©Zexfbgh«ª

�gZij��� ZexfbghfZ]g_abhkZ^ZgZ]Zbl�� n_jjbn_jjhq_jfZdbl��� >ey

ZgZeh]h\�^h[Z\eyxlky�©fZg]Zgb«ª��©lblZgh«ª��©ojhfh«ª�

���Ke_^mxs_c��lj_lv_c�hl�dhjg_\h]h�gZa\Zgby��ijbf_gy_l-
ky� ijbklZ\dZ�� h[hagZqZxsZy� \ZjbZpbx� dZlbhgh\� ihabpbb� :�

<�deZkkbnbdZpbhgghc�ko_f_�,0$���aZnbdkbjh\Zgh�ij_h[eZ^Zgb_

1D�\�ihabpbbb�:��^ey�l_o�ghjfZlb\guo�Zfnb[heh\��]^_�wlZ�ihab-
pby�aZk_e_gZ���Ihwlhfm�^ey�ZgZeh]h\��m�dhlhjuo�\�ihabpbb�:�ij_-
h[eZ^Z_l� .�� ijbf_gy_lky� ijbklZ\dZ� ©dZebc«ª�� ijbklZ\dZ� ©gZ-
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ljbc«ª�bkihevam_lky�\�jhf[bq_kdbo�Zfnb[heZo��gZljbc`_^jbl��

Ijbf_jhf�ijbf_g_gby�ljzo�ijbklZ\hd�\�h^ghf�gZa\Zgbb�kem`bl

dZebcn_jjbfZ]g_abhdZlhnhjbl�� G_kfhljy� gZ� hlghkbl_evgmx

]jhfha^dhklv� wlh]h� l_jfbgZ�� hg� khhl\_lkl\m_l� j_Zevghfm� Zfnb-
[hem�b�\iheg_�dhjj_dlgh�hljZ`Z_l�_]h�khklZ\�

���Ihke_^g_c�hl�dhjg_\h]h�gZa\Zgby��l��_��i_j\hc�\�l_jfb-
g_��ijbf_gy_lky�ijbklZ\dZ�� h[hagZqZxsZy� \ZjbZpbx� Zgbhgh\� \

ihabpbb� �HG–���?keb�ij_h[eZ^Z_l�)��lh�²�©nlhjh«ª��Z�_keb�&O�

lh�²�©oehjh«ª��nlhjhdZebcjbol_jbl�b�^j���

<�ijb\_^zgguo�ijbf_jZo�ihdZaZgh�ijbf_g_gb_�h^ghc��^\mo�b

ljzo�ijbklZ\hd�\�h^ghf�gZa\Zgbb��b� lZdb_� Zfnb[heu� kms_kl\mxl�

:fnb[heu��\�gZa\Zgbb�dhlhjuo�g_h[oh^bfh�ijbf_gylv�kjZam�q_lu-
j_�ijbklZ\db��ihdZ�g_�ba\_klgu��gh�hgb�g_�aZij_s_gu�

LZdbf�h[jZahf��ihjy^hd�h[jZah\Zgby�gZa\Zgbc�Zfnb[heh\�

ijbgyluc�\�gZklhys_c�jZ[hl_��ke_^mxsbc�

— gZ�i_j\hf�f_kl_�hl�dhjg_\h]h�gZa\Zgby�²�ijbklZ\dZ��hl-
jZ`ZxsZy�\ZjbZpbx�dZlbhgh\�lbiZ�/�ihabpbb�K�

— gZ�\lhjhf�f_kl_�²�\ZjbZpbx�dZlbhgh\�lbiZ�F�lhc�`_�ih-
abpbb�K�

— gZ�lj_lv_f�f_kl_�²�\ZjbZpbx�dZlbhgh\�ihabpbb�:�

— gZ�q_l\zjlhf�f_kl_��\�l_jfbg_�²�gZ�i_j\hf��²�\ZjbZpbx

Zgbhgh\�ihabpbb�HG–.

1. 4��Ghf_gdeZlmjZ�fbg_jZeh\�]jmiiu�Zfnb[heh\

G_kfhljy�gZ�lh��qlh�fZljbqgZy�fh^_ev�ghf_gdeZlmju�Zf-
nb[heh\�\iheg_�kh]eZkm_lky�k�,0$����hgZ�\kz�`_�^hklZlhqgh�j_a-
dh�hl�g_z�hlebqZ_lky��hkh[_ggh�\�qZklb� ZgZeh]h\��dm^Z�\oh^yl�b

0J�)H�0Q�/L� Zfnb[heu�� ?keb� ^Zggu_� ih� Zfnb[heZf�Bevf_gh-
]hjkdh]h� dhfie_dkZ� ij_^klZ\blv� \� kljh]hf� khhl\_lkl\bb� k� fZl-
jbqghc�fh^_evx��lh�wlh�fh`_l�kha^Zlv�hij_^_ezggu_�keh`ghklb

ijb�bkihevah\Zgbb�bo�^jm]bfb�bkke_^h\Zl_eyfb�\�k\h_c�jZ[hl_�

Ihwlhfm�\�gZklhys_c�jZ[hl_��ihdZ�fZljbqgZy�fh^_ev�_sz�g_�ih-
emqbeZ�rbjhdh]h�ijbf_g_gby��bkihevam_lky�©fy]dbcª��beb�i_j_-
oh^guc�� \ZjbZgl� ghf_gdeZlmju� Zfnb[heh\�� Hkh[_gghklv� _]h� \

ke_^mxs_f��Ih^]jmiiu�dZevpb_\uo��gZljb_\h�dZevpb_\uo�b�gZ-
ljb_\uo�Zfnb[heh\�ij_^klZ\e_gu�\�kljh]hf�khhl\_lkl\bb�k�fZl-
jbqghc� fh^_evx� �ghjfZlb\gu_� Zfnb[heu��� Wlb� ih^]jmiiu� ih

[ZeZgkm� dZlbhgh\� ihabpbc� :�<2� jZa^_e_gu� gZ� ]jmiibjh\db�

\gmljb�dhlhjuo��\�k\hx�hq_j_^v��\u^_e_gu��b�h[hagZq_gu��k_jbb�

h[t_^bgyxsb_�Zfnb[heu�k�h^bgZdh\uf�jZkij_^_e_gb_f�aZjy^h\
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ih�ihabpbyf��0J�)H�0Q�/L�Zfnb[heu�\�wlhf�\ZjbZgl_�ghf_gdeZ-
lmju�ij_^klZ\e_gu�g_�\�khklZ\_�k_jbc�ghjfZlb\guo�Zfnb[heh\�

dZd�ZgZeh]b�kh]eZkgh�fZljbqghc�fh^_eb��Z�lZd�`_��dZd�b�\�,0$���

\�\b^_�hl^_evghc�ih^]jmiiu��Gh�wlZ�ih^]jmiiZ��dZd�b�ghjfZlb\-
gu_� Zfnb[heu�� jZa^_e_gZ� gZ� ]jmiibjh\db� ih� [ZeZgkm� dZlbhgh\

ihabpbc�:�<2��Ijb� wlhf� k_jbb� ,0$���`_^jblZ� b� ZglhnbeeblZ

jZa^_ebebkv�dZ`^Zy�gZ�^\_�iZju��\�khhl\_lkl\bb�k�[ZeZgkhf�aZjy-
^h\��dhlhju_�jZaf_klbebkv�\�jZaguo�]jmiibjh\dZo��Wlb�iZju��dZd

b�hklZevgu_�k_jbb�0J�)H�0Q�/L�Zfnb[heh\��h[hagZq_gu�dZd�k_-
jbb� \� ,0$���� G_h[oh^bfh� ih^q_jdgmlv�� qlh� dhg_qgu_� qe_gu

\gmljb�k_jbc��dZd�ghjfZlb\guo�� lZd�b�0J�)H�0Q�/L� Zfnb[heh\�

h[jZamxl�bahfhjngu_�jy^u�� \� ^\moqe_gguo�²� [bgZjgu_�� \� q_-
lujzoqe_gguo�²�[he__�keh`gu_��<�ihke_^gbo�khq_lZxlky�ih�^\Z

bahfhjnguo�jy^Z��ih�dZlbhgZf�lbiZ�M�b�L���qlh�b�kha^Zzl�q_luj_
dhg_qguo�qe_gZ�

H[sZy�ghf_gdeZlmjZ fbg_jZeh\�]jmiiu�Zfnb[heh\
:<2K5

VI
L8

IV
H22�HG�2

���Ih^]jmiiZ�Mg-Fe-Mn-Li- Zfnb[heh\

1.1. Jhf[bq_kdb_� Pnma.

1.1.1.  R1+(R2+ )2

K_jby�ZglhnbeeblZ

GZljbcZglhnbeebl��VRGLFDQWKRSK\OOLWH� NaMg7(Si7Al)O22(OH)2
GZljbcn_jjhZglhnbeebl

(sodic-ferroanthophyllite)
NaFe2+

7(Si7Al)O22(OH)2

K_jby�`_^jblZ

GZljbc`_^jbl��sodicgedrite) NaMg6Al(Si6Al 2)O22(OH)2
GZljbcn_jjh`_^jbl��sodic-ferrogedrite) NaFe2+

6Al(Si6Al 2)O22(OH)2

1.1.2. ��R2+ )2

K_jby�ZglhnbeeblZ

:glhnbeebl��anthophyllite) �0J7Si8O22(OH)2
N_jjhZglhnbeebl��ferro-anthophyllite) �)H2+

7Si8O22(OH)2
K_jby�`_^jblZ

@_^jbl��gedrite) �0J5Al 2(Si6Al 2)O22(OH)2
N_jjh`_^jbl��ferrogedrite) �)H2+

5Al 2(Si6Al 2)O22(OH)2

1.1.3. ��R1+)2

K_jby�ohefd\bklblZ

Ohefd\bklbl (holmquistite) �/L2Mg3Al2Si8O22(OH)2
N_jjhohefd\bklbl��IHUURKROPTXLVWLWH� �/L2Fe2+

3Al 2Si8O22(OH)2
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1.2 Fhghdebggu_��K���m.

1.2.1. ��R2+ )2

K_jby�dmffbg]lhgblZ�]jxg_jblZ

Dmffbg]lhgbl��FXPPLQJWRQLWH� �0J7Si8O22(OH)2
FZg]Zghdmffbg]lhgbl

(manganocummingtonite)
�0Q2+

2Mg5Si8O22(OH)2

=jxg_jbl��JUXQHULWH� �)H2+
7Si8O22(OH)2

FZg]Zgh]jxg_jbl��PDQJDQRJUXQHULWH� �0Q2+
2Fe2+

5Si8O22(OH)2
I_jfZg]Zgh]jxg_jbl��SHUPDQJDQRJUXQHULWH� �0Q2+

4Fe2+
3Si8O22(OH)2

1.2.2. ��R1+)2

K_jby�debghohefd\bklblZ

Debghohefd\bklbl��kOLQRKROPTXLVWLWH� �/L2Mg3Al2Si8O22(OH)2
Debghn_jjhohefd\bklbl

�kOLQR�IHUURKROPTXLVWLWH�

�/L2Fe2+
3Al 2Si8O22(OH)2

N_jjbdebghohefd\bklbl

�IHUUL�kOLQRKROPTXLVWLWH�

�/L2Mg3Fe3+
2Si8O22(OH)2

N_jjbdebghn_jjhohefd\bklbl

�IHUUL�kOLQR�IHUURKROPTXLVWLWH�

�/L2Fe2+
3Fe3+

2Si8O22(OH)2

���Ih^]jmiiZ�dZevpb_\uo�Zfnb[heh\

2.1. NaCa2

K_jby�w^_gblZ

W^_gbl��edenite) NaCa2Mg5(Si7Al)O22(OH)2
N_jjhw^_gbl (ferro-edenite) NaCa2Fe2+

5(Si7Al)O22(OH)2
K_jby�iZj]ZkblZ�]Zklbg]kblZ

IZj]Zkbl (pargasite) NaCa2Mg4Al(Si6Al 2)O22(OH)2
N_jjhiZj]Zkbl (ferropargasite) NaCa2Fe2+

4Al(Si6Al 2)O22(OH)2
FZ]g_abh]Zklbg]kbl (magnesiohastingsite) NaCa2Mg4Fe3+(Si6Al 2)O22(OH)2
=Zklbg]kbl (hastingsite) NaCa2Fe2+

4Fe3+(Si6Al 2)O22(OH)2
K_jby�kZ^ZgZ]ZblZ

:exfbghfZ]g_abhkZ^ZgZ]Zbl

(alumino-magnesiosadanagaite)
NaCa2Mg3Al2(Si5Al 3)O22(OH)2

:exfbghkZ^ZgZ]Zbl (aluminosadanagaite) NaCa2Fe2+
3Al 2(Si5Al 3)O22(OH)2

FZ]g_abhkZ^ZgZ]Zbl (magnesiosadanagaite) NaCa2Mg3Fe3+
2(Si5Al 3)O22(OH)2

KZ^ZgZ]Zbl (sadanagaite) NaCa2Fe2+
3Fe3+

2(Si5Al 3)O22(OH)2

2.2. �Ca2

K_jby�lj_fheblZ�n_jjhZdlbgheblZ

Lj_fhebl��tremolite) �&D2Mg5Si8O22(OH)2
N_jjhZdlbghebl��IHUUR�DFWLQROLWH� �&D2Fe2+

5Si8O22(OH)2
K_jby�]hjg[e_g^blZ

FZ]g_abh]hjg[e_g^bl��PDJQHVLRKRUQEOHQGH� �&D2Mg4Al(Si7Al)O22(OH)2
N_jjh]hjg[e_g^bl��IHUURKRUQEOHQGH� �&D2Fe2+

4Al(Si7Al)O22(OH)2
N_jjbfZ]g_abh]hjg[e_g^bl

(ferri-magnesiohornblende)
�&D2Mg4Fe3+(Si7Al)O22(OH)2

N_jjbn_jjh]hjg[e_g^bl

(ferri-ferrohornblende)
�&D2Fe2+

4Fe3+(Si7Al)O22(OH)2



32

K_jby�q_jfZdblZ

:exfbghq_jfZdbl��DOXPLQRWVFKHUPDNLWH� �&D2Mg3Al2(Si6Al 2)O22(OH)2
:exfbghn_jjhq_jfZdbl

(alumino-ferrotschermakite)
�&D2Fe2+

3Al 2(Si6Al 2)O22(OH)2

N_jjbq_jfZdbl��IHUULWVFKHUPDNLWH� �&D2Mg3Fe3+
2(Si6Al 2)O22(OH)2

N_jjbn_jjhq_jfZdbl

(ferri-ferrotschermakite)
�&D2Fe2+

3Fe3+
2(Si6Al 2)O22(OH)2

���Ih^]jmiiZ�gZljb_\h�dZevpb_\uo�Zfnb[heh\

3.1. Na(CaNa)

K_jby�jbol_jblZ

Jbol_jbl��richterite) Na(CaNa)Mg5Si8O22(OH)2
N_jjhjbol_jbl��IHUURULFKWHULWH� Na(CaNa)Fe2+

5Si8O22(OH)2
K_jby�dZlhnhjblZ

FZ]g_abhdZlhnhjbl��PDJQHVLRNDWRSKRULWH� Na(CaNa)Mg4Al(Si7Al)O22(OH)2
DZlhnhjbl��NDWRSKRULWH� Na(CaNa)Fe2+

4Al(Si7Al)O22(OH)2
N_jjbfZ]g_abhdZlhnhjbl

(ferri-magnesiokatophorite)
Na(CaNa)Mg4Fe3+(Si7Al)O22(OH)2

N_jjbdZlhnhjbl��IHUULNDWRSKRULWH� Na(CaNa)Fe2+
4Fe3+(Si7Al)O22(OH)2

K_jby�lZjZfblZ

:exfbghfZ]g_abhlZjZfbl

(alumino-magnesiotaramite)
Na(CaNa)Mg3Al2(Si6Al 2)O22(OH)2

:exfbghlZjZfbl��DOXPLQRWDUDPLWH� Na(CaNa)Fe2+
3Al 2(Si6Al 2)O22(OH)2

N_jjbfZ]g_abhlZjZfbl

(ferri-magnesiotaramite)
Na(CaNa)Mg3Fe3+

2(Si6Al2)O22(OH)2

N_jjblZjZfbl��IHUULWDUDPLWH� Na(CaNa)Fe2+
3Fe3+

2(Si6Al2)O22(OH)2

3.2. ��&D1D�

K_jby�\bgqblZ

<bgqbl��ZLQFKLWH� ��&D1D�0J4AlSi8O22(OH)2
N_jjh\bgqbl��IHUURZLQFKLWH� ��&D1D�)H2+

4AlSi8O22(OH)2
N_jjb\bgqbl��IHUULZLQFKLWH� ��&D1D�0J4Fe3+Si8O22(OH)2
N_jjbn_jjh\bgqbl��IHUUL�IHUURZLQFKLWH� ��&D1D�)H2+

4Fe3+Si8O22(OH)2
K_jby�[ZjjmZablZ

:exfbgh[ZjjmZabl��DOXPLQREDUURLVLWH� ��&D1D�0J3Al 2(Si7Al)O22(OH)2
:exfbghn_jjh[ZjjmZabl

(alumino-ferrobarroisite)
��&D1D�)H2+

3Al 2(Si7Al)O22(OH)2

N_jjb[ZjjmZabl�(ferribarroisite) ��&D1D�0J3Fe3+
2(Si7Al)O22(OH)2

N_jjbn_jjh[ZjjmZabl��IHUUL�IHUUREDUURLVLWH� ��&D1D�)H2+
3Fe3+

2(Si7Al)O22(OH)2

���Ih^]jmiiZ�gZljb_\uo�Zfnb[heh\

4.1.  NaNa2

K_jby�wd_jfZggblZ�Zjn\_^khgblZ

Wd_jfZggbl��HFNHUPDQQLWH� NaNa2Mg4AlSi8O22(OH)2
N_jjhwd_jfZggbl��IHUUR�HFNHUPDQQLWH� NaNa2Fe2+

4Al Si8O22(OH)2
FZ]g_abhZjn\_^khgbl

(magnesio-arfvedsonite)
NaNa2Mg4Fe3+Si8O22(OH)2

:jn\_^khgbl��DUIYHGVRQLWH� NaNa2Fe2+
4Fe3+Si8O22(OH)2
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K_jby�gb[zblZ

Gb[zbl��Q\Eöite) NaNa2Mg3Al2(Si7Al)O22(OH)2
N_jjhgb[zbl��IHUURQ\Eöite) NaNa2Fe2+

3Al 2(Si7Al)O22(OH)2
N_jjbgb[zbl��IHUULQ\Eöite) NaNa2Mg3Fe3+

2(Si7Al)O22(OH)2
N_jjbn_jjhgb[zbl��IHUUL�IHUURQ\Eöite) NaNa2Fe2+

3Fe3+
2(Si7Al)O22(OH)2

4.2. �Na2

K_jby�]eZmdhnZgZ�jb[_dblZ

=eZmdhnZg��glaucophane) �1D2Mg3Al2Si8O22(OH)2
N_jjh]eZmdhnZg�(ferroglaucophane) �1D2Fe2+

3Al 2 Si8O22(OH)2
FZ]g_abhjb[_dbl��PDJQHVLRULHEHFNLWH� �1D2Mg3Fe3+

2Si8O22(OH)2
Jb[_dbl��ULHEHFNLWH� �1D2Fe2+

3Fe3+
2Si8O22(OH)2
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=E:<:��

Ghf_gdeZlmjguc�ZgZeba�Zfnb[heh\

Bevf_gh]hjkdh]h�dhfie_dkZ
<� gZklhys__� \j_fy� him[ebdh\Zgh� hdheh� ���� obfbq_kdbo

ZgZebah\� Zfnb[heh\� ^ey� jZaebqguo� h[t_dlh\�Bevf_gh]hjkdh]h

dhfie_dkZ��Wlb� ZgZebau� \uihegyebkv� \� jZagh_� \j_fy�� \� jZaguo

eZ[hjZlhjbyo��jZagufb�ZgZeblbdZfb�b�jZagufb�f_lh^Zfb��<�k\y-
ab�k�wlbf�hgb�hlebqZxlky�ih�dZq_kl\m�b��djhf_�lh]h��ih�jZaghfm

ij_^klZ\e_gu�\�jZaguo�im[ebdZpbyo��qZklv�bo�g_�bf__l�djbklZe-
ehobfbq_kdbo�i_j_kqzlh\��Z�l_��qlh�bf_xl��\uiheg_gu�jZagufb

f_lh^Zfb� �Zgbhgguf� beb� dZlbhgguf��� <� g_dhlhjuo� jZ[hlZo� k

ZgZebabjh\Zggufb�Zfnb[heZfb�g_�ijb\h^blky�lhqgZy�ijb\yadZ�

L_f�g_�f_g__�\k_�wlb�^Zggu_�ih^\_j]ebkv�ghf_gdeZlmjgh-
fm� ZgZebam�� kmlv�dhlhjh]h� khklhbl�\� ke_^mxs_f��Ij_`^_�\k_]h�

\k_�ZgZebau�[ueb�i_j_kqblZgu�dZlbhgguf�f_lh^hf��dZd�wlh�j_-
dhf_g^m_l� IMA97 �gZ� ��� beb� ��� dZlbhgh\��� AZl_f� \u\h^beZkv
djbklZeehobfbq_kdZy�nhjfmeZ��ijb�wlhf�h[yaZl_evgh�ijhba\h^b-
eZkv�[ZeZgkbjh\dZ�aZjy^Z�±�hg�ijb\h^beky�d������dZd�ijZ\beh�aZ

kqzl�Fe2+ b�Fe3+ �klZg^ZjlgZy�ijhp_^mjZ���<�g_dhlhjuo� kemqZyo�
ijb�kjZ\g_gbb�k�him[ebdh\Zgguf�i_j_kqzlhf��lZf��]^_�hg�ijb\h-
^beky���jZagbpZ�hdZau\ZeZkv�g_kms_kl\_gghc��Gh�bgh]^Z�j_amev-
lZlu�hlebqZebkv�agZqbl_evgh��ijbqzf�\�wlbo�kemqZyo��dZd�ijZ\b-
eh��nhjfmeu�ih�him[ebdh\Zgguf�^Zgguf�[ueb�g_�k[ZeZgkbjh\Z-
gu� ih� aZjy^m��Ihemq_ggu_� djbklZeehobfbq_kdb_�nhjfmeu� ZgZ-
ebabjh\Zebkv�k�ihabpbc�fZljbqghc�fh^_eb�k�p_evx�hij_^_e_gby

bo� ijbgZ^e_`ghklb� d� lhfm� beb� bghfm�fbg_jZevghfm� \b^m� �dh-
g_qghfm�qe_gm��]jmiiu�Zfnb[heh\�

GZ� hkgh\_� ihemq_gguo� j_amevlZlh\� ihy\beZkv� \hafh`-
ghklv�ijh\_klb�ghf_gdeZlmjgh_�mlhqg_gb_�\k_o�gZa\Zgbc� Zfnb-
[heh\��\klj_q_gguo�gZfb�\�him[ebdh\Zgghc�ebl_jZlmj_�aZ�i_jbh^

����²�����]]���\k_]h����l_jfbgh\��lZ[ebpZ�����KljmdlmjZ�lZ[eb-
pu�ke_^mxsZy��DhehgdZ���²�kqzlgZy��<�dhehgd_���ijb\_^_gZ�oZ-
jZdl_jbklbdZ� l_jfbgZ� �kf��gb`_���<�dhehgd_� ��^Zzlky� Z\lhjkdh_

gZa\Zgb_�\�lhf�\b^_��dZd�hgh�[ueh�ijbf_g_gh�\i_j\u_�^ey�Zfnb-
[heh\�Bevf_g� �gZ�jmkkdhf�b� Zg]ebckdhf� yaudZo���gZa\Zgby��^ey

dhlhjuo� mklZgh\e_gh� khhl\_lkl\b_� kh\j_f_gghc� ghf_gdeZlmj_

Zfnb[heh\�� \u^_e_gu� `bjguf� rjbnlhf�� DhehgdZ� �� hljZ`Z_l

j_amevlZl� ghf_gdeZlmjgh]h� ZgZebaZ�� >ey� gZa\Zgbc�� khhl\_lkl-
\mxsbo� kh\j_f_gghc� ghf_gdeZlmj_� Zfnb[heh\�� ijb\h^blky

b^_Zebabjh\ZggZy� djbklZeehobfbq_kdZy� nhjfmeZ� b� kbg]hgby�

>ey� gZa\Zgbc�� ihemqb\rbo� ghf_gdeZlmjgh_� mlhqg_gb_�� ijb\h-
^blky�gh\h_�gZa\Zgb_��\u^_e_gh�`bjguf�rjbnlhf���bgh]^Z�ijb-
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\h^blky�bklhqgbd��ih�dhlhjhfm�ijh\_^_gh�ghf_gdeZlmjgh_�mlhq-
g_gb_��>ey� qZklb�gZa\Zgbc�ijh\_klb�ghf_gdeZlmjgh_� mlhqg_gb_

g_� ij_^klZ\behkv� \hafh`guf�� g_l� ^Zgguo�� <� dhehgd_� �� ^Zzlky

kkuedZ�gZ�i_j\hbklhqgbd��\�dhlhjhf�^Zgguc�l_jfbg� �dhehgdZ���

\i_j\u_�ijbf_gzg�^ey�bevf_gkdh]h�Zfnb[heZ�
LZ[ebpZ�7

GZa\Zgby�Zfnb[heh\��\klj_q_ggu_�\�ebl_jZlmj_�ih�Bevf_gkdbf

]hjZf�aZ�i_jbh^�����—�����]]���ghf_gdeZlmjguc�ZgZeba�

�

i�

i

Mkeh\g�

h[hag�

�b

khdjZs�

:\lhjkdh_�gZa\Zgb_

�jmkkd���Zg]e��

NhjfmeZ��kbg]hgby��ghf_gd-
eZlmjgh_�mlhqg_gb_��ebl_jZ-

lmjgZy�kkuedZ

:\lhj�u��

]h^

1 2 3 4 5
1 l_jf :dlbghebl

(actinolite)
= lj_fhebl�`_e_abkluc Kmsbgkdbc

I��I������

2 l_jf :fnb[he (u)
(amphibole (s))

fhg��b�jhf[�

kbebdZlu�k�h[s_c�nhjfmehc

AB2C
VI

5T
IV

8O22(OH)2

AZ\Zjbpdbc

:��G�������

3 1 :glhnbeebl

(anthophyllite)
��0J,Fe2+)7Si8O22(OH)2,

jhf[�

Kbfhgh\

:��B������

4 l_jf :glhnbeebl�Zk[_kl

(anthophyllite-asbestos)
= Zglhnbeebl

iZjZee_evgh�\hehdgbkluc

Kbfhgh\

:��B������

5 – :jn\_^khgbl

 (arfvedsonite)
= kf_kv��Zfnb[he����ibjhdk_g
�;Z`_gh\�:��=���^j�������[�

Johnsen A.,
1901

6 o ;Zjd_\bdbl

(barkevikite)
 �dZevpb_\uc�Zfnb[he Ihih\�<��:��

������kkuedZ

gZ�JhlfZg

E��W��������

7 – ;ZjjmZabl

(barroisite)
= n_jjb[ZjjmZabl

�;Z`_gh\�:��=���^j��������

;Z`_gh\�:��=��

^j�������

8 2 =Zklbg]kbl

 (hastingsite)
NaCa2(Fe2+,Mg)4Fe3+(Si6Al 2)-

O22(OH)2��fhg�
E_\bg�<��Y��

1974
9 – =Zklbg]kbl

fZ]g_abZevguc

(magnesian hastingsite)

= 1) ]Zklbg]kbl
2) fZ]g_abh]Zklbg]kbl

;Z`_gh\�:��=��

^j�������

10 – =eZmdhnZg

 (glaucophane)
 �gZljb_\uc�Zfnb[he�

obf��ZgZe��g_�ijb\h^blky

AZ\Zjbpdbc

:��G������

11 l_jf =hjg[e_g^bl

(hornblende)
 �dZevpb_\uc�Zfnb[he�

obf��khklZ\�g_�ijb\h^blky

K_\_j]bg

<��F�������

�]hjg[e_g^_��

F_g]_�B��G��

1826
(hornblende)

12 3 @_^jbl

(gedrite)
��0J,Fe2+)5Al 2(Si6Al 2)O22(OH)2,

jhf[�

Dhjbg_\kdbc

<��=��������

Dhjbg_\kdbc

<��=��b�^j�������



36

Ijh^he`_gb_�lZ[ebpu��

1 2 3 4 5
13 o DZebclZjZfbl

(potassicferritaramite)
= dZebcn_jjblZjZfbl ;Z`_gh\�:��=��

^j�������

14 o DZebcn_jjbkZ^ZgZ]Zbl

(potassic-ferrisadanagaite)
= dZebckZ^ZgZ]Zbl ;Z`_gh\�:��=��

^j�������

15 o Ca-Al-Zjn\_^khgbl = n_jjbfZ]g_abhdZlhnhjbl Ihih\�<��:������

�kkuedZ�gZ�JhlfZ

E�W��������

16 o DZjbglbgbl = dZevpb_\uc�Zfnb[he Ihih\�<��:��

������kkuedZ

gZ�F_g]_

B��G��������

17 o DZlZnhjbl

 (kataphorite)
= n_jjbfZ]g_abhdZlhnhjbl Ihih\�<��:��

������kkuedZ

gZ�JhlfZg

E��W��������

18 o Djhdb^hebl

(crocidolite)
 �fZ]g_abhjb[_dbl

�;Z`_gh\�:�=��b�^j��������

FZdZjhqdbg

;��:���^j�������

19 o Djhdb^hebl�Zk[_kl

(crocidolite-asbestos)
 �fZ]g_abhjb[_dbl

\hehdgbkluc

Aheh_\�D��D��

1973
20 ? Dminn_jbl

(kupfferite)
 �fZ]g_abZevguc�Zfnb[he�

kh^. (fZk������NiO 0.61;
Cr2O3 1.21��G_�bamq_g�

Hermann R. F.,
1862

��0J,Fe2+)7Si8O22(OH)2,
fhg�

JZkkdZah\Z

:��>�������

21 4. Dmffbg]lhgbl

 (cummingtonite)
 �kf_kv�Zfnb[heh\�

h^bg�ba�gbo�gZljb_\uc

;Z`_gh\�:��=��

^j�������

22 o Dmffbg]lhgbl� fZ]g_-
abZevguc (magnesian

cummingtonite)

= dmffbg]lhgbl Dhjbg_\kdbc

<��=�������

23 o FZ]g_abhZglhnbeebl

(magnesioanthophyllite)
= Zglhnbeebl

�ghf_gde��Zfn�������

Dh[yr_\�X��K��

^j������� �ghf_
gde��Zfn�������

24 – FZ]g_abhZjn\_^khgbl

(magnesioarfvedsonite)
= nlhjhfZ]g_abhZjn\_^kh-

gbl

�;Z`_gh\�:��=��b�^j��������

�ghf_gde��Zfn�������

Dh[yr_\�X��K��

^j�������

�ghf_gde��Zfn�

1978)
25 o FZ]g_abh[Zjd_\bdbl = fZ]g_abh]Zklbg]kbl

�obf��ZgZeba�>��K��;_eygdbgZ

ijb\h^blky�\�jZ[hl_

E_\bgZ�<��Y��������

Ihih\�<��:��

������kkuedZ

gZ�;_eygdbgZ

>��K��������

26 5 FZ]g_abh]Zklbg]kbl

(magnesiohastingsite)
NaCa2(Mg,Fe2+)4Fe3+(Si6Al 2)-

O22(OH)2, fhg�
JhlfZg�E��W��

1956
27 6 FZ]g_abh]hjg[e_g-

^bl

(magnesiohornblende)

�&D2(Mg,Fe2+)4Al(Si7Al)O22-
(OH)2,
fhg

Dh[yr_\�X��K�

^j�� 1994 (Zf-
nb[he��;Z`_gh\

:��=���^j��������
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28 o FZ]g_abh`_^jbl

(magnesio gedrite)
= ̀ _^jbl

�ghf_gde��Zfn�������

Dh[yr_\�X�K��

^j�������

�ghf_gde��Zfn�

1978)
29 o FZ]g_abhdZlZnhjbl

(magnesiokataphorite)
= 1) n_jjb[ZjjmZabl

2) n_jjbfZ]g_abhdZlhnhjbl
E_\bg�<��Y��

1974
30 o FZ]g_abhdmffbg]lh-

gbl

(magnesiocummingto-
nite)

 �fZ]g_abZevguc�Zfnb[he

� �dminn_jbl��

G_�bamq_g�

Ihih\�<��:��

������kkuedZ

gZ�Hermann
R. F., 1862)

31 7 FZ]g_abhjb[_dbl

(magnesioriebeckite)
�1D2(Mg,Fe2+)3Fe3+

2Si8O22-
(OH)2, fhg�

;Z`_gh\�:��=�

b�^j�������

32 – FZ]g_abhkZ^ZgZ]Zbl

(magnesiosadanagaite)
= ZexfbghfZ]g_abhkZ^ZgZ-

]Zbl

Iheydh\�<��H�

b�^j�������

33 o FZ]g_abhn_jjbdZlZ-
nhjbl

(magnesio-ferrikata-
phorite)

= n_jjbfZ]g_abhdZlhnhjbl ;Z`_gh\�:�=�

b�^j�������

34 o GZljhkZ^ZgZ]Zbl

(natrosadanagaite)
= kZ^ZgZ]Zbl ;Z`_gh\

:��=�������

35 o

H[fZgdZ�jh]h\Zy

(hornblende)

 ����]hjg[e_g^_��bl�

2) w^_gbl

3) n_jjblZjZfbl

4) n_jjbq_jfZdbl

5) n_jjbfZ]g_abh]hjg[e_g-
^bl

6) n_jjbn_jjhq_jfZdbl

7) n_jjb\bgqbl

Lzjg[_j]�N��D��

������jmk.
i_j_\h^�klZlvb

B��G��F_g]_�

;_eygdbg�>��K��

1909;
JhlfZg��E��W��

1956;
>hfbgbdh\-
kdbc�=��=��

1971;
;Z`_gh\�:��=��

^j��������

Dml_ih\Z

E��:���^j�������

JZkkdZah\Z

:��>���^j�������

36 o H[fZgdZ�jh]h\Zy

Zdlbgheblh\Zy

(actinolitic hornblende)

= fZ]g_abh]hjg[e_g^bl E_\Zgh\�:��:��

1992

37 o H[fZgdZ�jh]h\Zy�]Zk-
lbg]kblh\Zy

(hastingsitic
hornblende)

= ]Zklbg]kbl�
fZ]g_abh]Zklbg]kbl

AZ\Zjbpdbc

:��G��������

B\Zgh\��;��G�,
^j�������

38 o H[fZgdZ�jh]h\Zy�dZ-
eb_\Zy�nlhjfZ]g_abh-

]Zklbg]kblh\Zy

 �nlhjhdZebc]Zklbg]kbl ;Z`_gh\�:��=��

1992
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Ijh^he`_gb_��lZ[ebpu��

1 2 3 4 5
39 o H[fZgdZ�jh]h\Zy

fZ]g_abZevgZy

]Zklbg]kblh\Zy

(magnesian hastingsite
hornblende)

= fZ]g_abh]Zklbg]kbl ;Z`_gh\�:��=�

b�^j�������

40 o H[fZgdZ�jh]h\Zy

fZ]g_abZevgZy

(magnesiohornblende)

= fZ]g_abh]hjg[e_g^bl ;Z`_gh\�:��=�

b�^j�������

41 o H[fZgdZ�jh]h\Zy�fZ]-
g_abZevgh�`_e_abklZy

h[udgh\_ggZy

(common fermaghorn-
blende)

= w^_gbl Kij��Fbg_jZ-
eu��L�����dg����

k�������obf�Zg� .
�����ih�E_\b-
gm�<��Y��������

42 o H[fZgdZ�jh]h\Zy

h[udgh\_ggZy

(common hornblende)

= Zfnb[he�dZevpb_\uc E_\bg�<��Y��

1974

43 o H[fZgdZ�jh]h\Zy

iZj]Zkblh\Zy

(pargasitic hornblende)

 = iZj]Zkbl ;Z`_gh\�:��=�

b�^j���������b

^j�������

44 o H[fZgdZ�jh]h\Zy

n_jjhq_jfZdblh\Zy

(ferrotschermakitic
hornblende)

= n_jjbq_jfZdbl ;Z`_gh\�:��=�

b�^j�������

45 o H[fZgdZ�jh]h\Zy

n_jjhw^_gblh\Zy

(ferro-edenitic
hornblende)

=n_jjhw^_gbl ;Z`_gh\�:��=�

b�^j�������

46 o H[fZgdZ�jh]h\Zy

nlhjn_jjbw^_gblh\Zy

(fluor-ferriedenitic
hornblende)

= nlhjhn_jjhw^_gbl ;Z`_gh\�:��=��

1992

47 o H[fZgdZ�jh]h\Zy

q_jfZdblh\Zy

(tschermakitic
hornblende)

 �n_jjbq_jfZdbl ;Z`_gh\�:��=��

^j���������^j��

1982

48 o H[fZgdZ�jh]h\Zy

s_ehqgZy

(alcali hornblende)

= Zfnb[he
gZljb_\h�dZevpb_\uc

AZ\Zjbpdbc

:��G�������

49 o H[fZgdZ�nlhjjh]h\Zy = nlhjhdZebc]Zklbg]kbl ;Z`_gh\�:��=��

1998
50 8 IZj]Zkbl

(pargasite)
NaCa2(Mg,Fe2+)4Al(Si6Al 2)O22-

(OH)2��fhg�
Dhjbg_\kdbc

<��=�, ̂ j�������
51 o Jb[_dbl�]eZmdhnZg

(riebeckite-glaucophane)
= Zfnb[he�ij_^iheZ]Z_fh]h

khklZ\Z

Johnsen A.,
1901

52 9 Jbol_jbl

(richterite)
Na(CaNa)(Mg,Fe2+)5Si8O22-

OH)2��fhg�
;Z`_gh\�:��=��

1982
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NaCa2(Mg,Fe2+)3Fe3+

2-
(Si5Al 3)O22(OH)2,

fhg�

;Z`_gh\�:��=��

^j�������

53 10 KZ^ZgZ]Zbl

(sadanagaite)

= dZebckZ^ZgZ]Zbl ;Z`_gh\�:��=��

1998

54 l_jf� LZjZfbl

(taramite)
= 1) dZebcn_jjblZjZfbl

2) n_jjblZjZfbl
;Z`_gh\�:��=��

1988
;Z`_gh\�:��=��

1982
55 11 Lj_fhebl

(tremolite)
�&D2(Mg,Fe2+)5Si8O22(OH)2,

fhg�

FZeZoh\�<��F��

1876
56 o Lj_fhebl-Zdlbghebl

(tremolite-actinolite)
 �dZevpb_\uc�Zfnb[he JZkkdZah\Z

:��>��b�^j��

1992
57 l_jf� Lj_fhebl�`_e_abkluc

(ferroan tremolite)
�&D2(Mg,Fe2+)5Si8O22(OH)2 Dh[yr_\�X�K��

^j������4
58 o Lj_fhebl�ojhfh\uc

(chromian tremolite)
= n_jjbfZ]g_abh]hjg[e_g-

^bl ojhfh\uc�
kh^. ̂ h����fZk����Cr2O3

Dh[yr_\

�X��K���^j��

������jh]. h[f��
<ZjeZdh\

:��K��������

59 o MjZebl

(uralite)
 �ik_\^hfhjnhaZ�dZevpb_\h]h

Zfnb[heZ�ih�fhg��ibjhdk_gm

Jeremejev
P. V., 1872;

?j_f__\�I��<��

1880
60 o N_jjbZgZeh]

kZ^ZgZ]ZblZ

 �dZebckZ^ZgZ]Zbl ;Z`_gh\�:��=��

1998
61 12 N_jjb[ZjjmZabl

(ferribarroisite)
��&D2Na)(Mg,Fe2+)3Fe3+

2-
(Si7Al)O22(OH)2, fhg�

;Z`_gh\�:��=��

1982
62 13 N_jjb\bgqbl

(ferriwinchite)
��&D1D��0J,Fe2+)3Fe3+

2Si8O22-
(OH)2, fhg�

;Z`_gh\�:��=�

b�^j�������

63 14 N_jjblZjZfbl

(ferritaramite)
Na(CaNa)(Fe2+,Mg,)3Fe3+

2-
(Si6Al 2)O22(OH)2, fhg�

;Z`_gh\�:��=��

^j�������

64 o N_jjbn_jjh]Zklbg]-
kbl

(ferri-ferrohastingsite)

= ]Zklbg]kbl ;Z`_gh\�:�=��

^j�������

65 15. N_jjhZdlbghebl

(ferro-actinolite)
�&D2(Fe2+,Mg,)5Si8O22(OH)2,

fhg�

;Z`_gh\�:��=��

^j�������

66 o N_jjh]Zklbg]kbl

(ferrohastingsite)
= ]Zklbg]kbl ;Z`_gh\�:��=��

^j�������

67 - N_jjh]hjg[e_g^bl

(ferrohornblende)
= n_jjbfZ]g_abh]hjg[e_g-

^bl

Dh[yr_\

X��K���^j��

������jh].
h[f��

;Z`_gh\�:��=��

^j��������

68 - N_jjhiZj]Zkbl

(ferropargasite)
= 1) kZ^ZgZ]Zbl

2) dZebckZ^ZgZ]Zbl
;Z`_gh\�:��=��

^j�������
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69 o N_jjhn_jjb]eZmdhnZg

(ferro-ferriglaucophane)
= jb[_dbl

�\�Bevf_gh]hjkdhf�dhfie_dk_

gZ������]��g_�mklZgh\e_g�

Ihih\�<��:��

������kkuedZ

gZ�;_eygdbgZ

>��K��������

70 o N_jjhn_jjblZjZfbl

(ferritaramite)
= n_jjblZjZfbl ;Z`_gh\�:��=��

1986
71 – N_jjhq_jfZdbl

(ferrotschermakite)
= n_jjbq_jfZdbl Dh[yr_\

X��K���^j��

������jh].
h[f���>hfbgb�

dh\kdbc�=��=��

1971)
72 o Nlhj]hjg[e_g^bl

(fluorhornblende)
= nlhjhdZebc]Zklbg]kbl ;Z`_gh\�:��=��

1998
73 16 NlhjhfZ]g_abhZj-

n\_^khgbl

(fluoro-magnesioarfved-
sonite)

NaNa2(Mg,Fe2+)5Si8O22(OH)2,
fhg�

;Z`_gh\�:��=��

^j�������

�nlhjfZ]g_-
abhZjn\_^kh-

gbl�

74 17 Nlhjhjbol_jbl

(fluororichterite)
Na(CaNa)(Mg,Fe2+)5Si8O22-

(F,OH)2,
fhg�

;Z`_gh\�:��=��

^j�������������

�nlhjjbol_-
jbl�

75 o Nlhjn_jjh]hjg[e_g-
^bl

 (fluor-ferrohornblende)

= nlhjhn_jjhw^_gbl Dh[yr_\

X��K�� ̂ j�������
�jh]. h[f�

nlhjn_jjbw^_�

gblh\Zy��;Z`_-
gh\�:��=��������

76 l_jf� Q_jfZdbl

(tschermakite)
= 1) n_jjbq_jfZdbl

2) Zexfbghq_jfZdbl

Dh[yr_\

X��K�� ^j��
������jh]. h[f�
q_jfZdblh\Zy�

;Z`_gh\�:��=��

1992)
Dhjbg_\kdbc

<��=��b�^j��

1998
77 18 W^_gbl

(edenite)
NaCa2(Mg,Fe2+)5(Si7Al)O22(OH)2,

fhg�

;Z`_gh\�:��=��

^j���������jh].
h[f����>��K��;_�

eygdbg�������

Ba�lZ[ebpu���\b^gh��qlh�

²����gZa\Zgbc�khhl\_lkl\mxl�kh\j_f_gghc�ghf_gdeZlmj_

Zfnb[heh\��\�dhehgd_���lZ[ebpu�hgb�ijhgmf_jh\Zgu��

²����gZa\Zgby�y\eyxlky�mklZj_\rbfb�b�^bkdj_^blbjh\Z-
gu�kh\j_f_gghc�ghf_gdeZlmjhc� �\�dhehgd_���lZ[ebpu�ihf_q_gu

agZdhf�©Oª��
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²� �� gZa\Zgbc� ijbf_g_gu� d� Zfnb[heZf�� hlghkysbfky� ih

kh\j_f_gghc�ghf_gdeZlmj_�d�^jm]bf�dhg_qguf�qe_gZf��\�dhehg-
d_���lZ[ebpu�ihf_q_gu�agZdhf�©±ª��

²� ��gZa\Zgbc�g_� h[hagZqZxl� dhg_qguc� qe_g�� Z� y\eyxlky

l_jfbgZfb�k\h[h^gh]h�ihevah\Zgby� �\�dhehgd_� ��lZ[ebpu�ihf_-
q_gu�©l_jf.»);

²���gZa\Zgb_� �dminn_jbl��h[hagZqZ_l�g_^hbamq_gguc�Zf-
nb[he��l��_��^Zgguo��ijb\_^zgguo�\�i_j\hbklhqgbd_��g_^hklZlhq-
gh�^ey�_]h�lhqghc�b^_glbnbdZpbb��\�dhehgd_���lZ[ebpu�ihf_q_g

agZdhf�©"ª��

Ghf_gdeZlmjguc� ZgZeba� \k_]h�fZkkb\Z� ^Zgguo� ih� Zf-
nb[heZf� Bevf_g�� him[ebdh\Zgguo� \� ebl_jZlmj_�� iha\hebe� \u-
y\blv�_sz� ���Zfnb[heh\��jZg__�g_�ba\_klguo��LZdbf�h[jZahf��\

gZklhys__�\j_fy�\�Bevf_gh]hjkdhf�dhfie_dk_�ba\_klgh����fbg_-
jZevguo� \b^h\� �dhg_qguo� qe_gh\�� ]jmiiu� Zfnb[heh\�� <k_� hgb

ijb\_^_gu�\�lZ[ebp_����<�Ijbeh`_gbb� I�^ey�dZ`^h]h�fbg_jZev-
gh]h�\b^Z��\�dZq_kl\_�ih^l\_j`^Zxs_]h�ijbf_jZ��ijb\h^ylky�ih

�²��obfbq_kdhfm�ZgZebam��\�hl^_evguo�kemqZyo�²����k�djbklZe-
ehobfbq_kdhc�nhjfmehc�b� djZldhc� e_]_g^hc� �ebl_jZlmjguc�bk-
lhqgbd�� djZldZy� oZjZdl_jbklbdZ� ]_heh]h�fbg_jZeh]bq_kdhc� h[-
klZgh\db� gZoh`^_gby� ^Zggh]h� Zfnb[heZ��²� \k_]h� ��� ZgZebah\�

KljmdlmjZ�lZ[ebpu���ke_^mxsZy�

²�\ky�lZ[ebpZ�jZa^_e_gZ�gZ�ih^]jmiiu�b�k_jbb�\�khhl\_l-
kl\bb�k�ijbgylhc�\�gZklhys_c�jZ[hl_�ghf_gdeZlmjhc�Zfnb[heh\

�kf��]eZ\m����

²�dhehgdZ���²�kqzlgZy�

²�dhehgdZ���²�ijb\h^blky�gZa\Zgb_�Zfnb[heZ�\�khhl\_lkl-
\bb�k�kh\j_f_gghc�ghf_gdeZlmjhc�gZ�jmkkdhf�b�Zg]ebckdhf�yaud_�

²�dhehgdZ���²�ijb\h^blky�djbklZeehobfbq_kdZy�nhjfmeZ

b^_Zebabjh\ZggZy�� Z� lZd`_� kbg]hgby� b� bahfhjnguc� jy^� ih� dZ-
lbhgm�/�beb�jh^kl\_ggZy�k\yav��^ey�ZgZeh]h\��

²�dhehgdZ���²�ijb\h^blky�f_klh�i_j\hc�gZoh^db��hibkZgby�

^Zggh]h� Zfnb[heZ� \�Bevf_gh]hjkdhf� dhfie_dk_�� \� kemqZyo�� dh]^Z

bf_xlky�^_lZevgu_�hibkZgby�dhgdj_lgh]h�Zfnb[heZ�ba�^jm]bo�f_kl

Bevf_g��bgh]^Z�ijb\h^blky�^\Z�b�^Z`_�ljb�f_klZ�gZoh^db�

²�dhehgdZ���²�ijb\h^blky�gZa\Zgb_�^Zggh]h�Zfnb[heZ�ih

i_j\hbklhqgbdm� �Z\lhjkdh_��� ih� dhlhjhfm� ijh\h^behkv� ghf_gd-
eZlmjgh_�mlhqg_gb_�b�^Zzlky�kkuedZ�gZ�wlhl�i_j\hbklhqgbd�

²�dhehgdZ���²�ijb\h^blky�kkuedZ�gZ�ghf_j�obfbq_kdh]h

ZgZebaZ�\�Ijbeh`_gbb�I��ih^l\_j`^Zxs_]h�ijbgZ^e_`ghklv�^Zg-
gh]h� Zfnb[heZ� d� dhgdj_lghfm� fbg_jZevghfm� \b^m� �dhg_qghfm

qe_gm��
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LZ[ebpZ� 8
:fnb[heu�Bevf_gh]hjkdh]h�dhfie_dkZ

�

i�i

GZa\Zgb_

�jmkkd���Zg]e��

NhjfmeZ��kbg]hgby�

bahfhjnguc�jy^�

jh^kl\_ggZy�k\yav

F_klh�gZoh^db

�i_j\h_

hibkZgb_�

GZa\Zgb_�\

jZ[hl_

�Z\lhj�u��

]h^�

�

Zg�

\

Ijb

eh`�

I

1 2 3 4 5 6

Ih^]jmiiZ�Mg-Fe-Mn-Li- Zfnb[heh\
K_jby�ZglhnbeeblZ

1 :glhnbeebl

(anthophyllite)
��0J,Fe2+)7Si8O22(OH)2,

jhf[.,
h[j��bahfhjn��jy^�k

n_jjhZglhnbeeblhf

]� KZ\_evdmev-
kdZy;

wgklZlbl�

Zglhnbeeblh\Zy

ihjh^Z

:glhnbeebl�

�Kbfhgh\

 :��B��������

1

K_jby�`_^jblZ

2 @_^jbl

(gedrite)
��0J,Fe2+)5Al2(Si6Al2)-

O22(OH)2,
jhf[.,

h[j��bahfhjn. jy^�k
n_jjh`_^jblhf

AZeb\�Aujygh\dZ�

ha��;��FbZkkh\h;
[bhlblh\u_�djb-
klZeehkeZgpu

@_^jbl

�Dhjbg_\kdbc

<��=��������

^j��������

2

K_jby�dmffbg]lhgbl�]jxg_jblZ

3 Dmffbg]lh-
gbl

(cummingtonite)

��0J,Fe2+)7Si8O22(OH)2,
fhg��

h[j��bahfhjn. jy^�k
]jxg_jblhf

K_eygdbgkdbc

[ehd;
dmffbg]lhgbl�

fZ]g_lblh\uc

d\Zjpbl

Dmffbg]lhgbl

�JZkkdZah\Z

:� >��������

3

Ih^]jmiiZ�dZevpb_\uo�Zfnb[heh\

K_jby�w^_gblZ

Dhiv�����

Zdlbgheblh\Zy

ihjh^Z

:dlbghebl

�Kbfhgh\

:��B���������

44 W^_gbl

(edenite)
NaCa2(Mg,Fe2+)5(Si7Al)-

O22(OH)2,
fhg��

h[j��bahfhjn. jy^�k
n_jjhw^_gblhf

GSD;
djbklZeeu

Zfnb[heZ�\�dZev-
pblh\hf�ijh`�

kb_gblZ

>���:� 5

5 N_jjhw^_gbl

(ferro-edenite)
NaCa2(Fe2+Mg,)5-
(Si7Al)O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
w^_gblhf

<h^hjZa^_e�ha�

;��Brdmev�²

;��LZldmev;
]jZnbq_kdZy�ahgZ

i_]fZlblZ

H[f��jh].
w^_gblh\Zy

�;Z`_gh\

:��=���^j��

1982)

6

6 Nlhjhn_jjh-
w^_gbl

(fluoro-fer-
ro-edenite)

NaCa2(Fe2+Mg,)5 -
(Si7Al)O22(F,OH)2,

fhg��

F-ZgZeh]�n_jjhw^_gblZ

GSD;
�kbebdZlgh�

dZj[hgZlgZy

ihjh^Z

H[f��jh].
nlhjn_jjb-
w^_gblh\Zy

�;Z`_gh\

:��=��������

7
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Ijh^he`_gb_�lZ[ebpu��

1 2 3 4 5 6
K_jby�iZj]ZkblZ�]Zklbg]kblZ

<������df�X�X�A

Gyr_\kdh]h

fZkk.;
Zfnb[hebl

H[f��jh].
iZj]Zkblh\Zy

�;Z`_gh\

:��=���^j��

1978, 1982)

87 IZj]Zkbl

(pargasite)
NaCa2(Mg,Fe2+)4Al-
(Si6Al2)O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
n_jjhiZj]Zkblhf

K_\. [_j_]�ha�
;��FbZkkh\h�

=jZgZlh\Zy�]hjdZ�

Zfnb[hebl

IZj]Zkbl

�Dhjbg_\kdbc

<��=�, ̂ j��
1998)

9

8 DZebciZj]Z-
kbl

(potassicparga-
site)

(K,Na)Ca2(Mg,Fe2+)4-
(Al,Fe3+)(Si6Al2)O22(OH)2,

fhg��

D�ZgZeh]�iZj]ZkblZ

K_\. [_j_]�ha�
DZjZkv_;

]jZgZl�kdZihebl�

Zfnb[heh\Zy

ihjh^Z

>���:� 10

9 DZebcn_jjh-
iZj]Zkbl

(potassic-fer-
ropargasite)

(K,Na)Ca2(Fe2+,Mg)4-
(Al,Fe3+)(Si6Al2)O22(OH)2,
fhg���D�ZgZeh]�n_jjh-

iZj]ZkblZ

K_\. [_j_]�ha�
DZjZkv_;�kdZih-
eblbabjh\Zgguc

Zfnb[hebl

>���:� 11

Dhiv���;
ihe_\hriZlh\uc

i_]fZlbl

H[f��jh]�

�JhlfZg

E��Y��������

1210 FZ]g_abh]Z-
klbg]kbl

(magnesiohas-
tingsite)

NaCa2(Mg, Fe2+)4Fe3+-
(Si6Al2)O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
]Zklbg]kblhf

AZi��ha�

;��Brdmev;
Zfnb[hebl

H[f��jh].
fZ]g_abZevgZy

]Zklbg]kblh-
\Zy��;Z`_gh\

:��=���^j��

1982)

13

11 DZebcfZ]g_-
abh]Zklbg]kbl

(potassic-mag-
nesiohastingsite)

(K,Na)Ca2(Mg,Fe2+)4-
(Fe3+,Al)(Si6Al2)O22(OH)2,

fhg��

D�ZgZeh]�fZ]g_abh]Z-
klbg]kblZ

K_\��aZi��wdah-
dhglZdl�fbZkdb-
lh\h]h�fZkkb\Z;
n_gblbabjh\Zg-
guc�Zfnb[hebl

=Zklbg]kbl

�E_\bg�<� Y��
1974)

14

Dhiv����;�d\Zjp-
ihe_\hriZlh\uc

i_]fZlbl

=Zklbg]kbl

�E_\bg�<��Y��

1974)

1512 =Zklbg]kbl

(hastingsite)
NaCa2(Fe2+,Mg)4 Fe3+-

(Si6Al2)O22(OH)2,
fhg��

h[j��bahfhjn. jy^�k
fZ]g_abh]Zklbg]kblhf

SD, K�<�ihk�
Kljhbl_e_c;

Zfnb[hebl�n_gb-
lbabjh\Zgguc

=Zklbg]kbl

fZ]g_abZev-
guc���;Z`_gh\

:��=���^j��

1982)

16

13 DZebc]Zklbg-
]klbl

(potassichas-
tingsite)

(K,Na)Ca2(Fe2+,Mg)4Fe3+-
(Si6Al2)O22(OH)2,

fhg��

D�ZgZeh]�]Zklbg]kblZ

;ZaZ�B=A��kd\����

kb_gblu

=Zklbg]kbl

�E_\bg�<��Y��

1974)

17
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Ijh^he`_gb_�lZ[ebpu��

1 2 3 4 5 6
<_jrbgZ

]��Djm]ehc�

]jZgblguc

fb]fZlbl

=Zklbg]kbl

fZ]g_abZev-
guc���;Z`_gh\

:��=���^j��

1981)

18

AZi��kde��Bevf_g-
kdh]h�oj.;
fb]fZlbl

H[f��jh]�

�;Z`_gh\

:��=��������

19

14 NlhjhdZebc�

]Zklbg]kbl

(fluoro-potas-
sichastingsite)

(K,Na)Ca2(Fe2+,Mg)4Fe3+-
(Si6Al2)O22(F,OH)2,

fhg��

F-D�ZgZeh]�]Zklbg]kblZ

GSD;
�kbebdZlgh�

dZj[hgZlgZy

ihjh^Z

H[f��jh].
dZeb_\Zy

nlhjfZ]g_-
abh]Zklbg]kb-

lh\Zy

�;Z`_gh\

:��=��������

20

K_jby�kZ^ZgZ]ZblZ

15 :exfbghfZ]-
g_abhkZ^ZgZ-

]Zbl

(alumino-mag-
nesiosadanagaite

NaCa2(Mg,Fe2+)3Al2-
(Si5Al3)O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
ZexfbghkZ^ZgZ]Zblhf

K_\. kdehg�KZ-
\_evdmevkdhc

khidb;�Zfnb[h-
ebl�dhjmg^kh-
^_j`Zsbc

FZ]g_abhkZ-
^ZgZ]Zbl

�Iheydh\

<��H���^j��

1998)

21

16 KZ^ZgZ]Zbl

(sadanagaite)
NaCa2(Fe2+,Mg)3Fe3+

2-
(Si5Al3)O22(OH)2��fhg��
h[j��bahfhjn. jy^�k

fZ]g_abhkZgZ^Z]Zblhf

J��>_fb^h\dZ;
nbjkbl

KZ^ZgZ]Zbl

�;Z`_gh\

:��=���^j��

1988)

22

J��>_fb^h\dZ;
fbZkdbl

=Zklbg]kbl

�E_\bg�<��Y��

1974)

2517 DZebckZ^ZgZ-
]Zbl

(potassicsadana-
gaite)

(K,Na)Ca2(Fe2+,Mg)3-
Fe3+

2(Si5Al3)O22(OH)2,
fhg��

D�ZgZeh]�kZ^ZgZ]ZblZ
S_ehqgu_�kb_-

gblu

�f_klh�hl[hjZ

ijh[�g_

mdZau\Z_lky�

DZebcn_jjb-
kZ^ZgZ]Zbl

�;Z`_gh\

:��=���^j��

1999)

23,
24

K_jby�lj_fheblZ�n_jjhZdlbgheblZ

– Lj_fhebl

�FZeZoh\

<��F��������

-

Dhiv����;
Zfnb[hebl

:dlbghebl

�Kbfhgh\

:��B��������

26

18 Lj_fhebl

(tremolite)
�&D2Mg5Si8O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
n_jjhZdlbgheblhf

Dhiv����;
Zfnb[hebl

Lj_fhebl

�;Z`_gh\

:��=���^j��������

27

19 N_jjhZdlbgh�

ebl

(ferro-actinolite)

�&D2Fe2+
5Si8O22(OH)2,
fhg��

h[j��bahfhjn. jy^�k
lj_fheblhf

GSD;
dZevpbl��b�d\Zjp�

Zfnb[heh\u_

`bedb�\�ibjhd-
k_gh\hf�kb_gbl_

N_jjhZdlbgh-
ebl���;Z`_gh\

:��=���^j��

1999)

28
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Ijh^he`_gb_�lZ[ebpu��

1 2 3 4 5 6
K_jby�]hjg[e_g^blZ

20 FZ]g_abh]hjg�

[e_g^bl

(magnesiohorn-
blende)

�&D2Mg4Al(Si7Al)O22-
(OH)2,

fhg���h[j��bahfhjn. jy^�k
n_jjh]hjg[e_g^blhf

Kj_^gyy�qZklv

Bevf_gkdh]h

aZih\_^gbdZ;
Zfnb[hebl

:fnb[he

�;Z`_gh\

:��=���^j��

1982)

29

X�A�ha�

;��FbZkkh\h;
Zghjlblh\uc

Zfnb[hebl

H[f��jh]�

�;Z`_gh\

:��=���^j��

1978)

3021 N_jjbfZ]g_�

abh]hjg[e_g�

^bl

(ferri-magne-
siohornblende)

�&D2Mg4Fe3+(Si7Al)O22-
(OH)2,
fhg��

h[j��bahfhjn. jy^�k
n_jjbn_jjh]hjg[e_g^b-

lhf
Dhiv����;

kdZiheblh\Zy

>���:� 31

K_jby�q_jfZdblZ

AZi�hdj��^_j�

MjZa[Z_\h��\hkl�

]jZgbpZ�B=A�

Zfnb[hebl

Q_jfZdbl

�Dhjbg_\kdbc

<��=���^j��

1998).

3222 :exfbghq_j�

fZdbl

(alumi-
notschermakite)

�&D2Mg3Al2(Si6Al2)O22-
(OH)2,
fhg��

h[j��bahfhjn. jy^�k
Zexfbghn_jjhq_jfZdb-

lhf
LZf�`_;

]jZgZl�phbab-
lh\uc�Zfnb[hebl

>���:� 33

K_\_jg__�kebygby

jj��;_ehc�b

Gyr_\db;
Zfnb[hebl

H[f��jh]�

�>hfbgbdh\�

kdbc�=��=��

1971).

3423 N_jjbq_jfZ�

dbl

(ferritscher-
makite)

�&D2Mg3Fe3+
2(Si6Al2)O22-

(OH)2,
fhg��

h[j��bahfhjn. jy^�k
n_jjbn_jjhq_jfZdblhf

X`g�

ha��;��Brdmev;
Zfnb[hebl

H[f��jh].
q_jfZdblh\Zy

�;Z`_gh\

:��=���^j��������

35

24 N_jjbn_j�

jhq_jfZdbl

(ferri-ferrotscher-
makite)

�&D2Fe2+
3Fe3+

2(Si6Al2)-
O22(OH)2,
fhg��

�h[j��bahfhjn. jy^�k
n_jjbq_jfZdblhf

Hihjguc�jZaj_a

ih�EWI;
Zfnb[hebl

H[f��jh]�

�Dml_ih\Z

E��:���^j��

1982)

36

Ih^]jmiiZ�gZljb_\h�dZevpb_\uo�Zfnb[heh\
K_jby�jbol_jblZ

<���df�X�<

^��K_eygdbgh;
i_]fZlbl

H[f��jh]�

�JhlfZg

E��W��������

3725 Jbol_jbl

(richterite)
Na(CaNa)Mg5Si8O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
n_jjhjbol_jblhf K�<

^��K_eygdbgh;
�Zfnb[he�

ibjhdk_gh\uc

n_gbl

H[f��jh]�

�B\Zgh\�;��G��

^j��������

38

26 Nlhjhjbol_-
jbl

(fluororichterite)

Na(CaNa)(Mg,Fe2+)5-
Si8O22(F,OH)2,

fhg��

F�ZgZeh]�jbol_jblZ

SD��K�<

i��Kljhbl_e_c�

FbZkk;�neh]h-
ibl�Zfnb�

[heh\uc�n_gbl

Jbol_jbl

�;Z`_gh\

:��=���^j��

1976)

39
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Ijh^he`_gb_�lZ[ebpu��

1 2 3 4 5 6

Dhiv���;
s_ehqgu_�f_lZ-
khfZlblu�ih

Zih]bi_j[ZablZf

Nlhjjbol_jbl

�;Z`_gh\

:��=���^j��

1993)

40

27 NlhjhdZebc-
jbol_jbl

(fluoro-potas-
sicrichterite)

(K,Na)(CaNa)(Mg,Fe2+)5-
Si8O22(F,OH)2,

fhg��

F-K-ZgZeh]�jbol_jblZ

K�A�[_j_]

ha��;��Brdmev;
ibjhdk_g�Zfnb-
[heh\uc�n_gbl

H[f��jh]�

�B\Zgh\�;��G��

^j��������

41

K_jby�dZlhnhjblZ

<_jo��Mkdh\Z

dexqZ;
Zfnb[hebl�n_gb-
lbabjh\Zgguc

FZ]g_abhdZ-
lZnhjbl

E_\bg�<��Y��

1974)

4228 N_jjbfZ]g_�

abhdZlhnhjbl

(ferri-magne-
siokatophorite)

Na(CaNa)Mg4Fe3+-
(Si7Al)O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
n_jjbdZlhnhjblhf

K�<

^��K_eygdbgh;
Zfnb[hebl�n_gb-
lbabjh\Zgguc

FZ]g_abhn_j-
jbdZlhnhjbl

�;Z`_gh\

:��=���^j��

1982)

43

29 DZebcn_jjb-
fZ]g_abhdZ-
lhnhjbl

(potassic-fer-
ri-magnesiokato-

phorite)

(K,Na)(CaNa)(Mg,Fe2+)4-
Fe3+(Si7Al)O22(OH)2,

fhg��

K-ZgZeh]�n_jjbfZ]g_-
abhdZlhnhjblZ

=jmiiZ����o

dhi_c��X�A�hljh]

]��Nbjkh\hc;
i_]fZlbl

FZ]g_abh]Z-
klbg]kbl

�JhlfZg

E��W��������

44

K_jby�lZjZfblZ

30 N_jjbfZ]g_�

abhlZjZfbl

(ferri-magne-
siotaramite)

Na(CaNa)Mg3Fe3+
2-

(Si6Al2)O22(OH)2,
fhg��

h[j��bahfhjn. jy^�k
n_jjblZjZfblhf

X�<�ha�

;��Brdmev;
Zfnb[hebl�n_gb-
lbabjh\Zgguc

=Zklbg]kbl-
fZ]g_abZev-

guc

�;Z`_gh\

:��=���^j��

1982)

49

X�A�wg^hdhglZdl

s_ehqgh]h�fZk-
kb\Z;�kb_gbl

=Zklbg]kbl

�E_\bg

<��Y�������

4531 N_jjblZjZ�

fbl

(ferritaramite)

Na(CaNa)Fe2+
3Fe3+

2-
(Si6Al2)O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
n_jjbfZ]g_abhlZjZfb-

lhf

X�<�dhgl�

s_ehq��fZkk.;
Zfnb[hebl�n_gb-
lbabjh\Zgguc

LZjZfbl

�;Z`_gh\

:��=���^j��

1982)

46

32 DZebcn_jjb�

lZjZfbl

(potassic-fer-
ritaramite)

(K,Na)(CaNa)(Fe2+Mg)3-
Fe3+

2(Si6Al2)O22(OH)2,
fhg��

D�ZgZeh]�n_jjblZjZfblZ

D�k_\�

hl�j��;_ehc;
fbZkdbl

=Zklbg]kbl

�E_\bg

<��Y��������

47

;ZaZ�B=A��\h^h-
ijh\h^gZy�ljZg-
r_y; fbZkdbl
`bevguc�

LZjZfbl

�;Z`_gh\

:��=���^j��

1988)

48
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HdhgqZgb_�lZ[ebpu��

1 2 3 4 5 6
K_jby�\bgqblZ

K�<

^��K_eygdbgh;
d\Zjp_\u_�`bedb

\�n_gblZo

N_jjb\bgqbl

�;Z`_gh\

:��=���^j��

1982)

5033 N_jjb\bgqbl

(ferriwinchite)
��&D1D��0J,Fe2+)4Fe3+

2-
Si8O22(OH)2,

fhg��

h[j��bahfhjn. jy^�k
n_jjbn_jjh\bgqblhf

K_eygdbgkdbc

[ehd��H[moh\-
kdbc�mqZklhd;
fZ]g_lblh\u_

d\Zjpblu

H[f��jh]�

�JZkkdZah\Z

:��>���^j��

1989)

51

K_jby�[ZjjmZablZ

JZchg�dhib���;
d\Zjp�

ihe_\hriZlh\uc

i_]fZlbl

FZ]g_abh]Z-
klbg]kbl

����

�JhlfZg�E��W��

1956)

5234 N_jjb[ZjjmZ-
abl

(ferribarroisite)

��&D2Na)(Mg,Fe2+)3Fe3+
2-

(Si7Al)O22(OH)2,
fhg��

h[j��bahfhjn. jy^�k
n_jjbn_jjh[ZjjmZablhf

AZi��[_j_]�ha�

;��Brdmev;
Zfnb[heh\uc

n_gbl

:fnb[he

(B\Zgh\�;��G.,
^j���������

N_jjb�

[ZjjmZabl

�;Z`_gh\

:��=���^j���1982)

53

Ih^]jmiiZ�gZljb_\uo�Zfnb[heh\
K_jby�wd_jfZggblZ�Zjn\_^khgblZ

35 NlhjhfZ]g_-
abhZjn\_^kh-

gbl

(fluoro-magne-
sio-arfvedsonite)

NaNa2(Mg,Fe2+)4Fe3+-
Si8O22(F,OH)2,

fhg��

F�ZgZeh]�fZ]g_abhZj-
n\_^khgblZ

GSD;
n_gbl�fbdjh-

debg�Zev[blh\uc

NlhjfZ]g_�

abhZjn\_^kh-
gbl

�;Z`_gh\

:��=���1998)

54

K_jby�]eZmdhnZgZ�jb[_dblZ

36 FZ]g_abhjb-
[_dbl

(magnesiorie-
beckite)

�1D2(Mg,Fe2+)3Fe3+
2-

Si8O22(OH)2,
fhg��

h[j��bahfhjn. jy^�k
jb[_dblhf

Dhiv���;
k�d\Zjp_f�\

lj_sbgZo�n_gb-
lbabjh\Zggh]h

ieZ]bh]g_ckZ

FZ]g_abhjb-
[_dbl

�;Z`_gh\�:��=�

b�^j��������

55

Gb`_� ijb\h^blky� ZenZ\blguc� kibkhd� Zfnb[heh\�� mklZgh\-
e_gguo� \�Bevf_gh]hjkdhf� dhfie_dk_� gZ� hkgh\_� ghf_gdeZlmjgh]h

ZgZebaZ�d�gZqZem������]h^Z��Ke_^m_l�h[jZlblv�\gbfZgb_�gZ�jZagbpm�\

gZibkZgbb�gZa\Zgbc�Zfnb[heh\�gZ�jmkkdhf�b�Zg]ebckdhf�yaudZo��GZ

jmkkdhf�\k_�gZa\Zgby�ibrmlky�keblgh��h^gbf�keh\hf��g_kfhljy�gZ

lh��qlh�g_dhlhju_�l_jfbgu�khklZ\e_gu�ba�ljzo�b�^Z`_�q_lujzo�keh\�

dZebc
n_jjb
fZ]g_abh
dZlhnhjbl��<�Zg]ebckdbo�`_�l_jfbgZo�bkihev-
amxlky�^_nbku��\�g_dhlhjuo�kemqZyo�ih�^\Z�
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:enZ\blguc�kibkhd�Zfnb[heh\�

mklZgh\e_gguo�\�Bevf_gh]hjkdhf�dhfie_dk_�d�gZqZem������]�

1. :exfbghfZ]g_abhkZ^ZgZ]Zbl

(alumino-magnesiosadanagaite)
2. :exfbghq_jfZdbl (aluminotschermakite)
3. :glhnbeebl (anthophyllite)
4. =Zklbg]kbl (hastingsite)
5. @_^jbl (gedrite)
6. DZebc]Zklbg]kbl�(potassichastingsite)
7. DZebcfZ]g_abh]Zklbg]kbl�(potassic-magnesiohastingsite)
8. DZebciZj]Zkbl�(potassicpargasite)
9. DZebckZ^ZgZ]Zbl (potassicsadanagaite)
10. DZebcn_jjbfZ]g_abhdZlhnhjbl (potassic-ferri-magne-

siokatophorite)
11. DZebcn_jjblZjZfbl (potassic-ferritaramite)
12. DZebcn_jjhiZj]Zkbl (potassic-ferropargasite)
13. Dmffbg]lhgbl (cummingtonite)
14. FZ]g_abh]Zklbg]kbl (magnesiohastingsite)
15. FZ]g_abh]hjg[e_g^bl (magnesiohornblende)
16. FZ]g_abhjb[_dbl (magnesioriebeckite)
17. IZj]Zkbl (pargasite)
18. Jbol_jbl (richterite)
19. KZ^ZgZ]Zbl (sadanagaite)
20. Lj_fhebl (tremolite)
21. N_jjb[ZjjZmabl (ferribarroisite)
22. N_jjb\bgqbl (ferriwinchite)
23. N_jjbfZ]g_abh]hjg[e_g^bl (ferri-magnesiohornblende)
24. N_jjbfZ]g_abhdZlhnhjbl (ferri-magnesiokatophorite)
25. N_jjbfZ]g_abhlZjZfbl (ferri-magnesiotaramite)
26. N_jjblZjZfbl (ferritaramite)
27. N_jjbn_jjhq_jfZdbl (ferri-ferrotschermakite)
28. N_jjbq_jfZdbl (ferritschermakite)
29. N_jjhZdlbghebl (ferro-actinolite)
30. N_jjhw^_gbl (ferro-edenite)
31. NlhjhdZebc]Zklbg]kbl (fluoro-potassichastingsite)
32. NlhjhdZebcjbol_jbl (fluoro-potassicrichterite)
33. NlhjhfZ]g_abhZjn\_^khgbl (fluoro-magnesio-arfvedsonite)
34. Nlhjhjbol_jbl (fluororichterite)
35. Nlhjhn_jjhw^_gbl (fluoro-ferro-edenite)
36. W^_gbl (edenite)
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=E:<:��

Hkh[_gghklb�obfbq_kdh]h�khklZ\Z�b�w\hexpbb

Zfnb[heh\�Bevf_gh]hjkdh]h�dhfie_dkZ

:fnb[heu�Bevf_gh]hjkdh]h�dhfie_dkZ�k�jZaghc�kl_i_gvx

^_lZevghklb�jZkkfhlj_gu�\�fgh]hqbke_gguo�klZlvyo�b�fhgh]jZ-
nbyo�ijb�j_r_gbb�]_heh]h�fbg_jZeh]bq_kdbo�aZ^Zq�²�hibkZgb_

Zfnb[heZ�� dZd� fbg_jZevgh]h� \b^Z�� hij_^_e_gb_� lbihfhjnguo

hkh[_gghkl_c� Zfnb[heZ� jZaebqguo� ihjh^�� hij_^_e_gb_� aZ\bkb-
fhklb�khklZ\Z�Zfnb[heZ�hl�khklZ\Z�ihjh^u�b�mkeh\bc�h[jZah\Z-
gby��^ey�mklZgh\e_gby�J�L�mkeh\bc�f_lZfhjnbafZ��;Z`_gh\�:��=�

b�^j�������������������������������������������Z������[�������������

������B\Zgh\� ;��G�� b� ^j��� ������Dhjbg_\kdbc�<�� =�� b� ^j��� �����

����Z�� ����[�� E_\bg� <�� Y��� ������ JZkkdZah\Z� :�� >��� ������ Jhl-
fZg�E��W���������Kbfhgh\�:��B�, �����b�^j���

Bf_xsbcky�\�gZr_f�jZkihjy`_gbb�nZdlbq_kdbc�fZl_jbZe

ih�Zfnb[heZf�Bevf_gh]hjkdh]h�dhfie_dkZ�ijb\_^zg�\�Ijbeh`_-
gbyo�,�b�,,��III. �KhklZ\�fbg_jZevguo�\b^h\�Zfnb[heh\�\�ij_^_eZo
k_jbc�hljZ`zg�gZ�deZkkbnbdZpbhgghc�^bZ]jZff_��lZ[e�����b�^bZ-
]jZffZo�6L4+�±�1D�%���1D�%��1D�.�$���jbk������Z�gZoh`^_gb_�mklZ-
gh\e_gguo�fbg_jZevguo�\b^h\�Zfnb[heh\�\�hkgh\guo�lbiZo�ih-
jh^�dhfie_dkZ�²�\�lZ[ebp_����

:fnb[heu� k_jbb� w^_gblZ� \� Bevf_gh]hjkdhf� dhfie_dk_

hl\_qZxl�w^_gblm��a^_kv�b�gb`_�kf��Ijbeh`_gby�,��II, III ���������

n_jjhw^_gblm�������b�nlhjhn_jjhw^_gblm�������b�mklZgh\e_gu

\� Zdlbgheblh\hc�b� kbebdZlgh�dZj[hgZlghc�ihjh^Zo�b�i_]fZlbl_

�lZ[e������

W^_gbl�ba� Zdlbgheblh\hc�ihjh^u�oZjZdl_jbam_lky�fZdkb-
fZevgh� \ukhdbf� kh^_j`Zgb_f� dj_fg_azfZ� b� gbadbf� Zexfbgby�

ijbq_f��kmffZjgh]h�dhebq_kl\Z�6L���$O�gZ������n��_��g_�o\ZlZ_l�^h

ihegh]h�aZiheg_gby�l_ljZw^jbq_kdbo�ihabpbc�

>ey� w^_gblZ� b� n_jjhw^_gblZ� ba� kbeebdZlgh�dZj[hgZlguo

ihjh^��gZh[hjhl��j_]bkljbjm_lky�fbgbfZevgh_�dhebq_kl\h�dj_f-
g_azfZ�ijb�hlghkbl_evgh�\ukhdhf�kh^_j`Zgbb�Zexfbgby��L_ljZ-
w^jbq_kdb_�ihabpbb�iheghklvx� aZiheg_gu� 6L +�$O�b�dhebq_kl\h
AlVI�dhe_[e_lky�hl������^h������n��_�

<ZjbZpbb�dZevpby�\�ihabpbb�<������—�����n��_���b�gZljby�\

ihabpbb�:� �����—�����n��_���\�Zfnb[heZo�k_jbb�g_agZqbl_evgu�

Z�dhe_[Zgby�kmffu�s_ehq_c�\�ihabpbb�:�hl�����^h������n�_��h[m-
keh\e_gu� jZaguf� kh^_j`Zgb_f� dZeby�� Khhlghr_gb_� ^\mo�� b

lj_o\Ze_glguo�dZlbhgh\�\�ihabpbb�K�[ebadh�d�����
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KhklZ\�dZevpb_\uo��gZljb_\h�dZevpb_\uo�b�gZljb_\uo

L5�ff

[ ]KZ NaNaCa

Si8

NaCa2

Si7Al

>ey�nlhjhn_jjhw^_gblZ�dhebq_kl\h�gZljby�b�dZeby�\�ihabpbb

:�[he__���n��_���\_jhylg__�\k_]h��wlh�h[mkeh\e_gh�g_dZq_kl\_gghklvx

ijh[u�Zfnb[heZ�

K_jby�iZj]ZkblZ�]Zlkbg]kblZ

Jy^�iZj]ZkblZ�n_jjhiZj]ZkblZ�ij_^klZ\e_g�fbg_jZevgufb

\b^Zfb��iZj]Zkblhf���������������dZebciZj]Zkblhf����������²���

b�dZebcn_jjhiZj]Zkblhf���������Hgb�ijbkmlkl\mxl�\�baf_g_gguo

]jZgZl�phbablh\uo� b� ]jZgZl�wib^hlh\uo� Zfnb[heblZo�� Zkkhpbb-
jmxsbo� k� l_eZfb� k_ji_glbgblh\�� ]jZgZl�kdZihebl�Zfnb[heh\uo

ihjh^Zo�b�j_^dh�\� Zfnb[heblZo�ijbmjhq_gguo�d�f_lZfhnbq_kdbf

lhesZf� �lZ[e�� �����<i_j\u_� ^ey� l_jjblhjbb� aZih\_^gbdZ� iZj]Zkbl

gZc^_g� \� Zghjlblh\hf� Zfnb[hebl_� :��=��;Z`_gh\uf� b� hibkZg

dZd� ©iZj]Zkblh\Zy� jh]h\Zy� h[fZgdZª� �;Z`_gh\� :��=�� b� ^j��� ������

<��=��Dhjbg_\kdbf��������\�Zfnb[he�]jZgZl�oehjblh\hc�ihjh^_�hi-
j_^_e_g�Zfnb[he�dZd�iZj]Zkbl�`_e_abkluc��KmffZ�gZljby� ��dZeby

\�ihabpbb�:�\�wlhf�Zfnb[he_��\�jZaguo�a_jgZo� dhe_[e_lky hl�����
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Zfnb[heh\ Bevf_gh]hjkdh]h�dhfie_dkZ                        LZ[ebpZ��
L4M

[ ]NaCa2 NaNa2

Si8

Si7Al

[ ]  Ca2 NaNaCa

Si6Al2

NaCa2

Si5Al3

^h������n��_��b�khhlghr_gb_�^\mo��lj_o\Ze_glguo�dZlbhgh\�\�ih-
abpbb�K�khhlghkblky�dZd������qlh�g_lbibqgh�^ey�Zfnb[heh\�k_jbb

iZj]ZkblZ��:gZeba� khklZ\Z� Zfnb[heZ� hij_^_e_g� gZ� fbdjhahg^_�

h^gZdh� g_� mdZau\Z_lky� klZg^Zjl�� dhlhjuc� [ue� bkihevah\Zg� ijb

\_^_gbb�ZgZebaZ�
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HdhgqZgb_�lZ[ebpu��

L3M2

[ ]Na2

Si8

[ ]NaCa2 NaNa2

Si7Al

[ ]Ca2 NaNaCa

Si8Al2

NaCa2

Si5Al3
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Mkeh\gu_�h[hagZq_gby:

Ijbf_qZgby: �� ²� �� ba� Zfnb[heblh\� f_lZfhjnbq_kdbo� ihjh^:
��²�k_eygdbgkdhc�lhesb����²�bevf_gh]hjkdhc�lhesb����²�\brg_\h]hj-
kdhc�lhesb�� ��²�g_jZkqe_g_gguo�� ��²�baf_g_gguo�� ��²�Zkkhpbbjmx-
sbo� k� � k_ji_glbgblZfb;� �� ²� ba� ieZ]bh]g_ckh\;� �� ²� ba� fb]fZlblh\;
�� ²� ba� kb_gblh\;� ��� ²� ��� ²� ba� n_gblh\:� ��� ²� � Zfnb[heh\uo�

���²��Zfnb[he�ibjhdk_gh\uo�����²�ibjhdk_g�Zfnb[heh\uo�����²�Zf-
nb[he�[bhlblh\uo�� ��� ²� g_jZkqe_g_gguo;� ��²��� ²� ba� fbZkdblh\;
���²�Zfnb[heh\uo�����²�Zfnb[he�[bhlblh\uo�����²�g_jZkqe_g_gguo;
���²�ba�nbjkblh\;����²�ba�kZg^ublh\;����²�ba�i_]fZlblh\;����²�ba�`be

Zevibckdh]h�lbiZ; 22 — �ba�kbebdZlgh�dZj[hgZlguo�ihjh^�����²�ba�Zd-
lbgheblh\hc�ihjh^u�

GZfb� \uiheg_g� agZqbl_evguc� h[t_f� fbdjhahg^h\uo

hij_^_e_gbc�khklZ\Z�Zfnb[heZ�ba�\k_o�jZaghkl_c�ihjh^�^Zggh]h

jZchgZ��kf��Ijbeh`_gb_�,,��b�lhevdh�khklZ\�djZ_\hc�qZklb�h^gh]h

ba� a_j_g� Zfnb[heZ� khhl\_lkl\m_l� fbg_jZevghfm� \b^m� ²

iZj]Zkbl��l��_���kmffZ�gZljbc���dZebc�\�ihabpbb�:�jZ\gZ������n��_.,
h^gZdh�khhlghr_gb_�^\mo��lj_o\Ze_glguo�dZlbhgh\�\�ihabpbb�K

khklZ\ey_l������������

>hklh\_jgh� iZj]Zkblm� hl\_qZxl� \ur_mdZaZggu_

Zfnb[heu�� iZj]Zkbl� ��� ���� ij_^klZ\ey_l� i_j_oh^gmx� hl

Zexfbghq_jfZdblZ� d� iZj]Zkblm� jZaghklv�� Z� Zfnb[heu� ��� ����

���²�����hlg_k_gu�gZfb�d�Zexfbghq_jfZdblm�

IZj]Zkbl� ba� Zghjlblh\h]h� Zfnb[heblZ� bf__l� \ukhdh_

kh^_j`Zgb_�dj_fg_azfZ�������n��_����gbadh_�Zexfbgby�������n��_���

hdlZw^jbq_kdh]h� Zexfbgby� ������ n�� _��� b� lblZgZ�

\ukhdhgZljb_\uc� b� ihqlb� g_� kh^_j`bl� dZeby�� � Khhlghr_gb_

^\mo�� lj_o\Ze_glguo� dZlbhgh\� \� ihabpbb� K� jZ\gh� ����� Ih

hkh[_gghklyf� khklZ\Z� iZj]Zkbl� ba� Zghjlblh\h]h� Zfnb[heblZ

Bevf_gh]hjkdh]h� dhfie_dkZ� khihklZ\bf� k� iZj]ZkblZfb� ba

ijh`bedh\�khklZ\Z�]jZgZl���Zfnb[he���ieZ]bhdeZa�\�baf_g_gghf

^\mibjhdk_gh\hf� ]Z[[jh� b� ba� ]jZgZl�phbablh\uo� Zfnb[heblh\

k_\_jh�aZiZ^gh]h�b� �x`gh]h�wdahdhglZdlZ�<hcdZjh�Kugvbgkdh]h

fZkkb\Z� �Ijbiheyjguc�MjZe��b�ba�Zfnb[heblh\�wg^hdhglZdlghc

ahgu�D_fibjkZckdh]h�fZkkb\Z��X`guc�MjZe��
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Jbk�� ��� <ZjbZpbb� Si4+—Na(B), Na(B)—Na+K(A)� \� Zfnb[heZo
Bevf_gh]hjkdh]h�dhfie_dkZ��Mke��h[hag��kf��lZ[e���
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LZ[ebpZ���

JZkijhkljZg_gb_�fbg_jZevguo�\b^h\�]jmiiu�Zfnb[heh\�\�ihjh^Zo

Bevf_gh]hjkdh]h�dhfie_dkZ

Ihjh^Z 1 2 3 4 5 6 7 8 9 10 11 12

Ed +
FEd + +
õ)(G + +
Parg + +
KParg +
mHast + + + + ? + +
KmHast + +
Hast + + + + + + +
KHast + + + + +
õ.+DVW ?
Sad + +
KSad + +
amSad +
Tr +
fAkt + +
mHb +
fmHb + +
aTscher +
fTscher + + +
KfTscher + +
fFTscher +
Ric ? +
õ5LF +
õ.5LF +
fmKt +
KfmKt + +
fTar + + +
KfTar +
fmTar +
fWin +
fBar + +
õP$UI +
mRib +

Ijbf_qZgb_: 1— \� Zfnb[heblZo� f_lZfhjnbq_kdbo� ihjh^�

2 — \�ihjh^Zo��Zkkhpbbjmxsbo�k�k_ji_glbgblZfb��� —�\�ieZ]bh]g_ckZo�

4 — �\�fb]fZlblZo� 5 ²�\�n_gblZo, 6 —�\�fbZkdblZo����²�\�kb_gblZo,
8 —�\�nbjkblZo�� ��²�\� kZg^ublZo, 10 —�\�i_]fZlblZo�� ���²�\�`beZo

Zevibckdh]h�lbiZ, 12—– \�kbebdZlgh�dZj[hgZlguo�ihjh^Zo�
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IZj]Zkbl�ba�]jZgZlh\h]h�]hj[e_g^blZ�k�dhjmg^hf�b�]_jpb-
gblhf�� \� hlebqb_� hl� \ur_hibkZggh]h�� gbadhdj_fg_azfbkluc

������n��_����\ukhdh]ebghazfbkluc�������n��_���b�f_g__�gZljb_\uc�

kh^_j`bl� [hevr_� lblZgZ� b� dZeby�� Khhlghr_gb_� ^\mo�� lj_o\Z-
e_glguo�dZlbhgh\�\�ihabpbb�K�[ebadh�d������Ih�khklZ\m�[ebahd�d

Zexfbghq_jfZdblm� ba� ]jZgZl�Zfnb[he�oehjblh\uo� ihjh^� �kf�

lZ[e�������hlebqZ_lky�lhevdh�qmlv�[hevrbf�kh^_j`Zgb_f� �gZljby

�gZ����—�����n��_����b�dZeby��gZ�����n��_���

DZebciZj]Zkbl� ba� ]jZgZl�kdZihebl�Zfnb[heh\hc� ihjh^u

bf__l� ij_^_evgh� gbadh_� ^ey� Zfnb[heh\� wlhc� k_jbb� dhebq_kl\h

dj_fg_azfZ� b� \ukhdh_� lblZgZ� �����—����� n�� _���� Zexfbgby� b

dZevpby��dhlhjuc�iheghklvx� aZihegy_l�ihabpbx�<��Z�\�ihabpbb

:�aZgbfZ_l�^h������n��_��Kh^_j`Zgb_�gZljby�\�ihabpbb�:�dhe_[-
e_lky�hl������^h������n��_��b�dZeby�hl������^h������n��_���lZ[e������

Khhlghr_gb_�^\mo��lj_o\Ze_glguo�dZlbhgh\�\�ihabpbb�K�khhlgh-
kblky�dZd�����beb������DjbklZeeu�dZebciZj]ZkblZ�bf_xl�g_hlq_l-
eb\mx� ahgZevghklv�� \ujZ`_ggmx� \� m\_ebq_gbb� dhebq_kl\Z

≈ ¨�����n��_��dZevpby�hl�p_gljZ�a_jgZ�d�djZx��<�hl^_evguo�a_jgZo
p_gljZevgZy�qZklv�hl\_qZ_l�ih�khklZ\m�dZebcfZ]g_abh]Zklbg]kblm

�����—72).
Jy^� ]Zklbg]kblZ�fZ]g_abh]Zklbg]kblZ� ij_^klZ\e_g� \k_-

fb� ba\_klgufb� fbg_jZevgufb� \b^Zfb� — fZ]g_abh]Zklbg]kb-
lhf� ��� ���� ���� ��—70), dZebcfZ]g_abh]Zklbg]kblhf� ��� ���

71—73), ]Zklbg]kblhf� ��� ��—16, 74-84), dZebc]Zklbg]kblhf
�����—19, 85—����b�nlhjhdZebc]Zklbg]kblhf� ��������KZfuc

jZkijhkljZg_gguc�Zfnb[he�\�ihjh^Zo�dhfie_dkZ� �lZ[e�� �����OZ-
jZdl_jguc�ij_^klZ\bl_ev�\�ihjh^Zo��bkiulZ\rbo�jZaghh[jZagu_

gZeh`_ggu_�ijhp_kku�—�ieZ]bh��b�dZeb_\mx�]jZgblbaZpbx��n_-
gblbaZpbx��kdZiheblbaZpbx�b�^j�

<� lZ[ebp_� ��� ijb\_^_gu� kj_^gb_� agZq_gby� b� dhe_[Zgby

we_f_glh\� \� djbklZeehobbfq_kdhc� nhjfme_� Zfnb[heh\� k_jbb

]Zklbg]kblZ�ba�hkgh\guo�lbih\�ihjh^�dhfie_dkZ�

<�jy^m�f_lZfhjnbq_kdbo�ihjh^��baf_g_gguc�Zfnb[hebl±

ieZ]bh]g_ck±fb]fZlbl� ^ey� Zfnb[heh\�� khhl\_lkl\_ggh� mHast,
KmHast, Hast – mHast u Hast – Hast u KHast,�j_]bkljbjm_lky�m\_-
ebq_gb_�dj_fg_a_fZ�hl������n��_��^h������n��_��b�gZljby�hl������^h

�����n��_��ijb�mf_gvr_gbb�Zexfbgby�hl������n��_��^h������n��_��b

hdlZw^jbq_kdh]h�Zexfbgby�hl������n��_��^h������n��_�

>ey� fZ]g_abh]Zklbg]kbl�]Zklbg]kblh\� ba� ieZ]bh]g_ckh\

oZjZdl_jgh�gZb[he__�ihegh_��^h�����n��_���aZiheg_gb_�ihabpbb�:�

ijb���\ukhdhf� dhebq_kl\_ �gZljby �b� gbadhf�dZeby� Khhlghr_gb_
^\mo� �lj_o\Ze_glguo� dZlbhgh\  �\�  ihabpbb  �K �\  fZ]g_abh]Zklbg]�
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kbl�]Zklbg]kblZo� jZ\gh� ����� lh]^Z� dZd� \� dZebcfZ]g_abh]Zklbg]-
kbl�dZebc]Zklbg]kblZo�— 3:2.

FZ]g_abh]Zklbg]kbl�]Zklbg]kbl�b�dZebc]Zklbg]kbl�\�n_gb-
lZo�bf__l�[he__�gZljb_\h�dZeb_\uc�b�qmlv�f_g__�dZevpb_\uc�kh-
klZ\� �lZ[e� �����Khhlghr_gb_�^\mo�� lj_o\Ze_glguo�dZlbhgh\� kh-
klZ\ey_l�khhl\_lkl\_ggh����������b�����

=Zklbg]kbl�b�dZebc]Zklbg]kbl�ba�fbZkdblh\�b�fZ]g_abh]Z-
klbg]kbl�ba�kZg^ublh\�hoZjZdl_jbah\Zgu�obfbq_kdbfb�ZgZebaZ-
fb�� i_j_kq_l� � dhlhjuo�� gZ� djbklZeehobfbq_kdb_� dhwnnbpb_glu

^Z_l�ba[ulhd��>����n��_����^h�����n��_��i_j_iheg_gby�ihabpbb�:�
Bf__lky�g_kdhevdh�h[tykg_gbc� lZdhfm�fZl_jbZem��i_j\h_

²� aZ]jyag_gghklv� ijh[�� \lhjh_� ²� ©g_� k\yaZgh� k� hrb[dZfb

ZgZebaZ� beb� i_j_kq_lh\� djbklZeehobfbq_kdbo� nhjfme�

gZ[ex^Z_lky� ^ey� hl^_evguo� gZljb_\uo� Zfnb[heh\

�Zjn\_^khgblh\� b� ^j��ª� �;Z`_gh\� b� ^j��� ������� GZr_� fg_gb_�

dhlhjh_��dhg_qgh�� lj_[m_l�ijh\_jdb��dhebq_kl\h�gZljby� �� dZeby

[hevr_f� _^bgbpu� \� \ur_mdZaZgguo� Zfnb[heZo� h[mkeh\e_gh

ahgZevghklvx� a_j_g� ih� gZljbx� b� dZevpbx�� qlh� g_\hafh`gh

mklZgh\blv� ijb� ijh\_jd_� � qbklhlu� ijh[u� \� bff_jkbhgguo

ij_iZjZlZo� i_j_^� \uiheg_gb_f� ZgZebaZ� ijh[u� Zfnb[heZ

klZg^Zjlguf�obfbq_kdbf�f_lh^hf�

FZ]g_abh]Zklbg]kbl� ba� i_]fZlblh\� gZb[he__� dj_fg_azfb-
kluc�b�gbadh]ebghazfbkluc��Kh^_j`Zgb_�Zexfbgby�\�r_kl_jghc

dhhj^bgZpbb�\�_]h�khklZ\_�hq_gv�gbadh_�beb�hlkmlkl\m_l�ihegh-
klvx� �lZ[e�� ����� Khhlghr_gb_� ^\mo�� lj_o\Ze_glguo� dZlbhgh\� \

ihabpbb�K�jZ\gh�����

FZ]g_abh]Zklbg]kbl�dZebc]Zklbg]kbl� \� ]jZgZl�kdZihebl�

Zfnb[heh\hc� ihjh^_� ij_^_evgh� dZevpb_\uc� k� gbadbf� kh^_j`Z-
gb_f�dj_fg_azfZ�b�gZljby��\ukhdbf�—�Zexfbgby��Khhlghr_gb_

^\mo��lj_o\Ze_glguo�dZlbhgh\�\�ihabpbb�K�khhl\_lkl\m_l�����

:fnb[heu� k_jbb� kZ^ZgZ]ZblZ� \� Bevf_gh]hjkdhf� dhf-
ie_dk_�hl\_qZxl�ZexfbghfZ]g_abhkZ^ZgZ]Zblm��������kZ^ZgZ-
]Zblm������������b�dZebckZ^ZgZ]Zblm������²�����Hij_^_e_gu�\

\ukhdh]ebghazfbkluo�ihjh^Zo�

:exfbghfZ]g_abhkZ^ZgZ]Zbl� mklZgh\e_g� \� dhjmg^kh^_j-
`Zs_f� Zfnb[hebl_�� oZjZdl_jbam_lky� fZdkbfZevgh� \ukhdbf� kh-
^_j`Zgb_f� Zexfbgby� b� hdlZw^jbq_kdh]h� Zexfbgby� ������n�� _���

gZb[he__�dZevpb_\uc��f_g__�gZljb_\uc�b�dZeb_\uc��lZ[e������

KZ^ZgZ]Zbl�\�nbjkbl_�b�fbZkdbl_�hlebqZ_lky�[he__�gbadbf

dhebq_kl\hf�Zexfbgby��r_kl_jgh]h�Zexfbgby��[hevrbf�gZljby

b�dZeby��GZoh^blky�\�ZkkhpbZpbb�k�Zfnb[heZfb�k_jbc�]Zklbg]kb-
lZ�b�lZjZfblZ�
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LZ[ebpZ���

Kj_^g__�kh^_j`Zgb_��\�qbkebl_e_��b�\ZjbZpbb��\�agZf_gZl_e_��djbklZeehobfbq_kdbo�dhwnnbpb_glh\�\�Zfnb[heZo�ba

jZaebqguo�lbih\�ihjh^�Bevf_gh]hjkdh]h�dhfie_dkZ

Ihjh^Z n Si Al AlVI Ca Na K �$ F
1 2 3 4 5 6 7 8 9 10

K_jby�iZj]ZkblZ

2b 6 5.58
5.5–5.7

3.22
3.1–3.3

0.8
0.7–0.8

2.0
1.96–2.0

0.28
0.1–0.4

0.45
0.4–0.5

0.7
0.5–0.8

56.3
33–58

K_jby�]Zklbg]kblZ

1a 4 5.99
5.8–6.3

2.18
1.9–2.4

0.29
0.03–0.5

1.78
1.6–1.9

0.54
0.5–0.6

0.32
0.2–0.4

0.7
0.6–0.7

55.4
50–56

2b 3 5.61
–

3.10
–

0.71
–

2.0
–

0.28
0.2–0.3

0.34
0.2–0.4

0.61
0.6–0.7

58.1
56–62

3 2 6.23
6.2–6.3

1.94
1.8–2.1

0.12
0–0.2

1.86
1.8–2.0

0.74
0.7–0.8

0.2
0.19–0.21

0.78
0.6–1.0

50.9
42–60

4 6 6.26
6.1–6.5

1.9
1.6–2.4

0.16
0–0.4

1.7
1.6–1.8

0.61
0.5–0.8

0.35
0.3–0.4

0.68
0.6–0.9

70.6
68–76

5 6 6.1
5.9–6.3

2.08
1.9–2.3

0.18
0.1–0.3

1.62
1.5–1.8

0.87
0.6–1.0

0.42
0.4–0.5

0.91
0.8–1.0

64.6
53–70

6 4 5.79
5.6–5.9

2.58
2.4–2.8

0.37
0.3–0.4

1.68
1.6–1.7

1.0
0.7–1.3

0.53
0.3–0.9

1.25
1.1–1.3

71.9
65–79

7 2 5.64
–

2.81
–

0.45
–

1.68
–

0.84
–

0.47
–

0.94
–

86.8
–

8 2 6.04
5.9–6.2

2.3
2.1–2.5

0.34
–

1.6
–

0.68
0.6–0.8

0.48
0.4–0.6

1.16
1.1–1.2

54.4
50–59



59

Ijh^he`_gb_�lZ[ebpu���

1 2 3 4 5 6 7 8 9 10
9 2 6.3

–
1.7
–

0.03
0–0.05

1.88
1.8–2.0

0.68
0.6–0.7

0.3
–

0.86
0.8–0.9

46.1
44–49

K_jby�kZ^ZgZ]ZblZ

1a 2 5.4
5.3–5.5

3.4
3.1–3.7

0.81
0.5–1.1

1.8
1.7–1.9

0.8
0.5–1.1

0.34
0.2–0.5

0.95
0.6–1.3

53.7
41–67

3 2 6.4
6.3–6.4

1.86
1.8–1.9

0.26
0.2–0.3

1.67
1.6–1.7

0.36
-

0.28
0.2–0.3

0.31
0.2–0.4

54.8
51–59

8 2 5.42
–

3.26
–

0.67
0.6–0.7

1.82
1.8–1.9

0.7
0.6–0.8

0.5
0.5–0.6

1.04
1.0–1.1

80.2
79–82

K_jby�]hjg[e_g^blZ

1a 10 6.58
6.5–6.7

1.79
1.6–1.9

0.37
0.2–0.5

1.78
1.6–1.9

0.46
0.3–0.6

0.1
0.03–0.2

0.34
0.2–0.5

38.0
9–53

1b 5 6.58
6.4–6.6

1.68
1.6–1.7

0.2
0.0–0.3

1.76
1.7–1.9

0.25
0.2–0.3

0.16
0.04–0.3

0.18
0.04–0.3

54.2
52–57

2d 11 6.86
6.6–7.2

1.76
1.3–2.1

0.62
0.4–0.7

1.87
1.8–1.9

0.27
0.1–0.4

0.05
0–0.1

0.2
0.1–0.3

34.2
32–36

2e 29 7.04
6.6–7.4

1.54
1.0–2.2

0.58
0.4–0.8

1.82
1.8–1.9

0.49
0.2–0.7

–
–

0.31
0.1–0.5

20
15–26

C_jby�q_jfZdblZ
1a 8 6.16

6.1–6.4
2.13

2.0–2.3
0.39

0.3–0.6
1.75

1.6–2.0
0.44

0.2–0.6
0.2

0.1–0.3
0.2

0.1–0.3
58.1

56–60
1b 16 6.26

6.0–6.5
2.2

1.8–2.5
0.35

0.2–0.4
1.76

1.7–1.8
0.3

0.2–0.3
0.31

0.2–0.4
0.38

0.2–0.5
51.4

40–61
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HdhgqZgb_�lZ[ebpu���

1 2 3 4 5 6 7 8 9 10
2a 21 5.7

5.6–5.8
3.37

3.1–3.6
1.07

0.9–1.3
1.87

1.8–2.0
0.42

0.3–0.5
0.09
0–0.1

0.37
0.3–0.5

44
38–54

2c 15 6.0
5.9–6.1

3.06
2.7–3.3

1.06
0.8–1.2

1.87
1.8–2.0

0.37
0.1–0.5

0.07
0–0.1

0.31
0–0.4

39.7
36–45

7 2 5.3
–

3.37
3.3–3.4

0.67
0.6–0.8

1.62
1.5–1.7

0.62
0.5–0.7

0.65
–

0.89
0.8–0.9

87.4
86–88

K_jby�jbol_jblZ

5 7.65
7.5–7.8

0.38
0.2–0.6

0.04
0–0.1

0.99
0.7–1.2

1.46
1.1–1.7

0.31
0.2–0.4

0.76
0.6–0.9

39.7
15–56

K_jby�dZlZnhjblZ

1a
10

3 7.29
7.0–7.5

0.7
0.5–0.9

–
–

1.15
1.0–1.3

1.17
1.0–1.4

0.3
0.3

0.62
0.6–0.7

40
40–41

K_jby�lZjZfblZ

5 5 6.16
6.1–6.2

2.01
1.8–2.1

0.17
0–0.3

1.36
1.3–1.5

1.19
0.9–1.4

0.39
0.3–0.4

0.95
0.7–1.1

70.8
62–79

6 7 5.96
5.8–6.2

2.42
2.1–2.7

0.38
0.2–0.5

1.31
1.2–1.4

1.22
1.0–1.5

0.46
0.4–0.6

0.99
0.8–1.2

83.2
74–87

K_jby�[ZjjmZablZ

5.9 3 7.28
7.0–7.5

0.59
0.5–0.8

–
–

1.14
1.0–1.4

1.06
0.9–1.3

0.16
0–0.2

0.37
0.3–0.5

42.3
3945
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DZebckZ^ZgZ]Zbl�ba�s_ehqgh]h�kb_gblZ�gZbf_g__�dZevpb_-
\uc��k�gZb[he__�gbadbf�kh^_j`Zgb_f�gZljby�\�ihabpbb�:��Zkkh-
pbbjm_l�k�Zfnb[hehf�k_jbb�lZjZfblZ�

Khhlghr_gb_�^\mo��lj_o\Ze_glguo�dZlbhgh\�\�ihabpbb�K�\

gbo�jZ\gh�����

:fnb[heu�k_jbb�lj_fheblZ�\�Bevf_gh]hjkdhf�dhfie_dk_

ij_^klZ\e_gu�lj_fheblhf������������\�Zdlbgheblh\uo��ih�f_lZ-
mevljZ[ZablZf��ihjh^Zo�b�n_jjhZdlbgheblhf� ��� ���� ��²���� \

dZevpbl�Zfnb[heh\uo�b�Zfnb[he�d\Zjp_\uo�k�dZevpblhf�ebgaZo

\�kb_gbl_��Hkh[_gghklvx�khklZ\Z�Zfnb[heh\�y\ey_lky�hq_gv�gba-
dh_� kh^_j`Zgb_� Zexfbgby� b� g_^hklZlhd� dhebq_kl\Z�Si+AlIV� ^ey
ihegh]h�aZiheg_gby�l_ljZw^jbq_kdbo�ihabpbc�

>ey� Zfnb[heh\� k_jbb� ]hjg[e_g^blZ� \� Bevf_gh]hjkdhf

dhfie_dk_� mklZgh\e_gu� fbg_jZevgu_� \b^u� ²� fZ]g_abh]hjg[-
e_g^bl����������—�����b�n_jjbfZ]g_abh]hjg[e_g^bl������—
31, 130—������H^bg�ba�hkgh\guo�ihjh^hh[jZamxsbo�fbg_jZeh\
jZaghh[jZaguo�Zfnb[heblh\��lZ[e������

N_jjbfZ]g_abh]hjg[e_g^blu� Zih^bZ[Zah\uo� �"�� ]jZgZlh-
\uo�Zfnb[heblh\�k_eygdbgkdhc�lhesb��]jZgZlh\uo�b�wib^hlh\uo

Zfnb[heblh\�bevf_gh]hjkdhc�b�\brg_\h]hjkdhc�lhes�[ebadb�ih

khklZ\m��>ey�ihke_^gbo�j_]bkljbjmxlky�[he__�\ukhdh_�dhebq_kl-
\h�hdlZw^jbq_kdh]h�Zexfbgby�b�gZljby��[he__�ihegh_�aZiheg_gb_

ihabpbb�:�k�ij_h[eZ^Zgb_f�gZljby�gZ^�dZeb_f� �lZ[e�������Khhl-
ghr_gb_�^\mo��lj_o\Ze_glguo�dZlbhgh\�\�ihabpbb�K�\�n_jjbfZ]-
g_abh]hjg[e_g^blZo�Zih^bZ[Zah\uo� �"��]jZgZlh\uo�Zfnb[heblh\

hl\_qZ_l� ���� b� ����� k� ij_h[eZ^Zgb_f� i_j\h]h� khhlghr_gby�� Z� \

Zfnb[heblZo� bevf_gh]hjkdhc� b� \brg_\h]hjkdhc� lhes� ²� ����

Kh^_j`Zgby�lblZgZ�\�bo�khklZ\_�dhe_[exlky�hl� ����^h������n��_�

H[jZamxl� ahgZevgu_� djbklZeeu� k� dZeb_\uf� n_jjbq_jfZdblhf

�kf��Zfnb[heu�k_jbb�q_jfZdblZ��

>ey� fZ]g_abh]hjg[e_g^blh\� ba� Zfnb[hebl�[eZklhfbeh-
gblh\�� Zkkhpbbjmxsbo� k� k_ji_glbgblZfb� oZjZdl_jgh� [hevr__�

ih�kjZ\g_gbx  k  n_jjbfZ]g_abh]hjg[e_g^blZfb� �kh^_j`Zgb_�dj_f�
_____________________________________________________________

Ijbf_qZgby: 1 —�ba�Zfnb[heblh\�f_lZfhjnbq_kdbo�ihjh^: 1a —
k_eygdbgkdhc��bevf_gh]hjkdhc�b�\brg_\h]hjkdhc�lhes, 1b — ba�]jZgZ-
lh\uo�Zfnb[heblh\� (^bZ[Zah\uo); 2 —�ba�ihjh^��Zkkhpbjmxsbo� k� k_j-
i_glbgblZfb: 2a — ]jZgZl�phbablh\uo� b� ]jZgZlh\uo� Zfnb[heblh\;
2b — ]jZgZl�kdZiheblh\uo� ihjh^; 2c — ]jZgZl�Zfnb[he�oehjblh\uo
ihjh^; 2d — wib^hlh\uo� Zfnb[heblh\; 2_� — ba� Zfnb[he�

ieZ]bhdeZah\uo� ihjh^; 3 —� ba� ieZ]bh]g_ckh\; 4 — ba� fb]fZlblh\;
5 — ba�n_gblh\; 6 — ba�fbZkdblh\; 7 —�ba�s_ehqguo�kb_gblh\; 8 — ba
nbjkblh\; 9 — ba�kZg^ublh\; 10 — ba�i_]fZlblh\.



62

g_azfZ��Zexfbgby�b�hdlZw^jbq_kdh]h�Zexfbgby��f_gvr__�lblZgZ

b�dZeby��lZ[e�������Bf_xl�ahgZevghklv��h[mkeh\e_ggmx�\hajZklZ-
gbyfb�dj_fg_azfZ�b�dZevpby��ijb�m[u\Zgbb�Zexfbgby�b�gZljby

hl�p_gljZ� a_jgZ�d�djZx� ��� ��²�����Khhlghr_gb_�^\mo��lj_o\Z-
e_glguo�dZlbhgh\�\�ihabpbb�K�khklZ\ey_l�����

FZ]g_abh]hjg[e_g^blu� Zfnb[he�ieZ]bhdeZah\uo� ihjh^

bf_xl�ihqlb�ZgZeh]bqguc�khklZ\�b�ahgZevghklv��ijb�[he__�\ukh-
dhf� dhebq_kl\_� dj_fg_a_fZ� b� gZljby� �lZ[e�� ����� Khhlghr_gb_

^\mo��lj_o\Ze_glguo�dZlbhgh\�\�gbo�jZ\gh��:1.
:fnb[heu�k_jbb�q_jfZdblZ�\�Bevf_gh]hjkdhf�dhfie_dk_

ij_^klZ\e_gu�Zexfbghq_jfZdblhf������²�������²������n_j-
jbq_jfZdblhf� ��� ��²���� ���²������dZeb_\uf�n_jjbq_jfZ-
dblhf� ��� ���²����� b� n_jjbn_jjhq_jfZdblhf� ��� ���� �����

H^bg�ba�]eZ\guo�ihjh^hh[jZamxsbo�fbg_jZeh\�]jZgZlh\uo� �Zf-
nb[heblh\�� ]jZgZl�phbablh\uo� Zfnb[heblh\� b� bo� baf_g_gguo

jZaghkl_c��Zkkhpbbjmxsbo�k�k_ji_glbgblZfb��lZ[e������

:exfbgh��b�n_jjbq_jfZdblu�\� ]jZgZl�phbablh\uo� Zfnb-
[heblZo�b�keZ[hbaf_g_gguo�bo�jZaghklyo�bf_xl�ij_^_evgh�gba-
dhdj_fg_azfbkluc�b�\ukhdh]ebghazfbkluc�khklZ\��>ey�bo�khklZ-
\Z�hij_^_e_gh�gbadh_�kh^_j`Zgb_�lblZgZ� �^h� �����n��_���b�dZeby

�^h� ����n�� _����DjbklZeeu�bf_xl�g_hlqzleb\mx� ahgZevghklv��\u-
jZ`_ggmx� \� m\_ebq_gbb� kh^_j`Zgby� dj_fg_azfZ� b� gZljby� b

mf_gvr_gbb�dZevpby�hl�p_gljZ�a_jgZ�d�djZx��<�oehjblbabjh\Zg-
guo� Zfnb[heblZo� Zexfbgh�n_jjbq_jfZdbl� bf__l� qmlv� [he__

dj_fg_azfbkluc�b�f_g__�]ebghazfbkluc�khklZ\�

<�]jZgZl�Zfnb[he�oehjblh\hc�ihjh^_�^ey�khklZ\Z�Zexfbgh�

n_jjbq_jfZdblZ�oZjZdl_jgh�gZb[he__�\ukhdh_�kh^_j`Zgb_�dj_fg_-
a_fZ� �^h� �����n�� _��� � b� dZevpby� �^h� �����n�� _���� gbadh_� gZljby� �^h

0.12�n��_���b�h[s_]h�Zexfbgby��^h������n��_���—�lZ[ebpZ�����Khhlgh-
r_gb_�^\mo��lj_o\Ze_glguo�dZlbhgh\�\�ihabpbb�K�jZ\gh�����

N_jjbq_jfZdblu� Zih^bZ[Zah\uo� �"�� ]jZgZlh\uo� Zfnb[h-
eblh\�k_eygdbgkdhc�lhesb��dhiv������kms_kl\_ggh�dZeb_\u_��^h

�����n��_���b�\ukhdhlblZgh\u_��^h������n��_���

Ih�kjZ\g_gbx�k�Zexfbghq_jfZdblhfb�]jZgZl�phbablh\uo

Zfnb[heblh\� dZeb_\u_� n_jjbq_jfZdblu� bf_xl� [he__� \ukhdh_

kh^_j`Zgb_�dj_fg_azfZ��gbadh_�²�dZevpby�b�gZljby��agZqbl_evgh

gbadh_� ±� Zexfbgby� b�� khhl\_lkl\_ggh�� r_kl_jgh]h� Zexfbgby

�lZ[e�� ����� Khhlghr_gb_� ^\mo�� lj_o\Ze_glguo� dZlbhgh\� \

ihabpbb� K� hlghkblky� dZd� ����� J_]bkljbjm_lky� hlq_leb\Zy

ahgZevghklv��\ujZ`_ggZy�\�m\_ebq_gbb�dhebq_kl\Z�dj_fg_azfZ�b

mf_gvr_gbb� Zexfbgby�b�gZljby� hl�p_gljZ� a_jgZ� d� djZx�� A_jgZ

n_jjbq_jfZdblZ�\�fb]fZlbabjh\Zgguo� ]jZgZlh\uo�Zfnb[heblZo
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\� djZ_\uo� qZklyo� bf_xl� khklZ\� fZ]g_abh]hjg[e_g^blZ� ��� ����

144—145).
>ey� khklZ\Z� n_jjb�n_jjbn_jjhq_jfZdblh\� Zfnb[heblh\

bevf_gh]hjkdhc� b� \brg_\h]hjkdhc� lhes� j_]bkljbjm_lky� gZb[h-
e__� \ukhdh_� kh^_j`Zgb_� dj_fg_azfZ�� gbadh_� Zexfbgby� b� dZev-
pby�� Z�n_jjbq_jfZdblh\� ieZ]bh]g_ckh\�²� ijb� ZgZeh]bqghf� kh-
^_j`Zgbb�dj_fg_azfZ�b�dZevpby�k�\ur_hibkZggufb��kZfh_�gba-
dh_�dhebq_kl\h�hdlZw^jbq_kdh]h�Zexfbgby�b�gZljby��[he__�\ukh-
dh_�²�dZeby��lZ[e������

K_jby�jbol_jblZ�\�Bevf_gh]hjkdhf�dhfie_dk_�ij_^klZ\-
e_gZ�fbg_jZevgufb�\b^Zfb�²�jbol_jbl������²�����nlhjhjbo-
l_jbl������²�������²�����b�nlhjhdZebcjbol_jbl���������Lb-
ibqguc�Zfnb[he�n_gblh\��j_^dh�\klj_qZ_lky�\�i_]fZlbl_��GZoh-
^blky�\�ZkkhpbZpbb� k�n_jjhfZ]g_abh�n_jjblZjZfblhf��fZ]g_abh]Z-
klbg]kbl�²�]Zklbg]kblhf�b�dZebc]Zklbg]kblhf��n_jjb[ZjjmZablhf�

:fnb[heu�wlhc�k_jbb�ih�khhlghr_gbx�^\mo��lj_o\Ze_gl-
guo�dZlbhgh\�\�ihabpbb�K�\u^_eyxlky�\�^\_�]jmiiu�� ���k�khhl-
ghr_gb_f������lbibqguf�^ey�Zfnb[heh\�k_jbb�����k�khhlghr_gb-
_f� ����� g_lbibqguf� ^ey� gbo�� Jbol_jbl�nlhjhjbol_jblu� i_j\hc

]jmiiu� bf_xl� \ukhdh_� kh^_j`Zgb_� dj_fg_azfZ� �>�����n�_���� gZ-
ljby�\�ihabpbb�:�[he__� ����n��_��b�[he__�ihegh_� �������n��_���__

aZiheg_gb_��Kh^_j`Zgb_� hdlZw^jbq_kdh]h� Zexfbgby� gbadh_� �^h

����� n�� _��� b� g_agZqbl_evgh_� dhe_[Zgb_� dZevpby� ����²���� n�_���

:fnb[heu� \lhjhc� ]jmiiu� oZjZdl_jbamxlky� ij_^_evgh� gbadbf

kh^_j`Zgb_f� dj_fg_azfZ� ����²�����n�� _����GZljbc� \� ihabpbb�:

khklZ\ey_l�f_g__� ����n��_���ijb�dhe_[Zgbb�__� aZiheg_gby�hl� ����

^h������n��_��Ih�kh^_j`Zgbx�dZeby�hl������^h������n��_��hlghkblky

d�dZeb_\uf�jZaghklyf�

K_jby�dZlhnhjblZ�ij_^klZ\e_gZ�n_jjbfZ]g_abhdZlhnh-
jblhf������²����b�dZebcn_jjbfZ]g_abhdZlhnhjblhf� ������

������Fbg_jZevgu_� \b^u� wlhc� k_jbb� hij_^_e_gu� \� baf_g_gguo

Zfnb[heblZo�b�i_]fZlbl_��lZ[e������

>ey�bo�khklZ\Z�hij_^_e_g�²�^_nbpbl��^h������n��_���kmffu

dj_fg_azfZ�b�Zexfbgby�\�l_ljZw^jbq_kdbo�ihabpbyo��hlkmlkl\b_

hdlZw^jbq_kdh]h�Zexfbgby��dhebq_kl\h�gZljby�\�ihabpbb�:�f_-
g__�����n��_�

:fnb[heu� k_jbb� lZjZfblZ� hl\_qZxl� n_jjblZjZfblm

��� ��²���� ���²������ dZebn_jjblZjZfblm� ��� ��²���� ���²

228) b�n_jjbfZ]g_abhlZjZfblm� ��������LbibqgZy�k_jby�n_gblh\�

fbZkdblh\�b�kb_gblh\��N_jjbfZ]g_abh��n_jjblZjZfblu�ba�n_gblh\

hlebqZxlky� hl� n_jjblZjZfbl�dZebcn_jjblZjZfblh\� ba� fbZkdb-
lh\ [hevrbf�kh^_j`Zgb_f�dj_fg_azfZ��f_gvrbf�Zexfbgby��hd-
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lZw^jbq_kdh]h� Zexfbgby� b� dZeby� �lZ[e�� ����� Khhlghr_gb_� ^\mo�

lj_o\Ze_glguo�dZlbhgh\�\�ihabpbb�K�jZ\gh������hq_gv�j_^dh�����

K_jby�\bgqblZ�ij_^klZ\e_gZ�n_jjb\bgqblhf������²���;
mklZgh\e_g� \� `beZo� Zevibckdh]h� lbiZ� b� Zfnb[heh\hf� fbdjh-
d\Zjpbl_�� \� ZkkhpbZpbb� k�fZ]g_abhjb[_dblZfb��OZjZdl_jbam_lky

gbadbf� kh^_j`Zgb_f� ^h� ihegh]h� hlkmlkl\by� hdlZw^jbq_kdh]h

Zexfbgby�

K_jby� [ZjjmZablZ� ij_^klZ\e_gZ� n_jjb[ZjjmZablhf

�����²������������hlf_q_gguf�\�ibjhdk_g�Zfnb[heh\uo�b�Zf-
nb[heh\uo�n_gblZo�b�i_]fZlblZo� �lZ[e������\�ZkkhpbZpbb�k�fZ]-
g_abh]Zklbg]kblhf� b� nlhjhjbol_jblhf�� Hkh[_gghklvx� khklZ\Z

n_jjb[ZjjmZablZ� y\ey_lky� hq_gv� gbadh_� kh^_j`Zgb_� Zexfbgby;
^_nbpbl� dj_fg_azfZ�Zexfbgby� \� l_ljZw^jbq_kdbo� ihabpbyo�

khhlghr_gb_� ^\mo�� lj_o\Ze_glguo� dZlbhgh\� \� ihabpbb�K� khhl-
\_lkl\m_l�����

:fnb[heu� k_jbb� ]eZmdhnZg�jb[_dblZ� hl\_qZxl� fZ]g_-
abhjb[_dblm� ��� ���� ������GZc^_gu� \� n_gblZo� b� kb_gblZo�� ]^_

jZa\blu�\�\b^_�\hehdgbklh�b]hevqZluo�Z]j_]Zlh\�gZ�kl_gdZo�ih-
i_j_qguo� lj_sbg�� Ih� khklZ\m� [ebadb� d� gZljb_\uf� Zfnb[heZf

Zk[_klh\uo�f_klhjh`^_gbc��hlebqZxlky�qmlv�[he__�\ukhdbf�kh-
^_j`Zgb_f�hdlZw^jbq_kdh]h�Zexfbgby�b�dZevpby�

Ih^\h^y� blh]b� jZkkfhlj_gbx� khklZ\Z� Zfnb[heh\� Bevf_�

gh]hjkdh]h�dhfie_dkZ���hklZgh\bfky�gZ�dZq_kl\_�b�ij_^klZ\bl_evghklb

fZl_jbZeZ�� l�� d��fZkkb\� ^Zgguo� ih� Zfnb[heZf� kh[bjZ_lky� \� l_q_gb_

hq_gv�^ebl_evgh]h�\j_f_gb��rbjhdbf�djm]hf�bkke_^h\Zl_e_c�

Obfbq_kdbc�khklZ\�Zfnb[heZ�hij_^_e_g�jZagufb�f_lh^Z-
fb� b� ZgZeblbdZfb�� qlh� g_� iha\hebeh� ba[_`Zlv� hrb[hd�� AgZqb-
l_evgh_�dhebq_kl\h� �^h�������ijh[�Zfnb[heh\�k_jbc�lZjZfblZ�b

]Zklbg]kblZ�ba�n_gblh\�b�fbZkdblh\��]Zklbg]kblZ�Zfnb[heblh\�b

kZg^ublh\��kZ^ZgZ]ZblZ�ba�Zfnb[heblh\�b�nbjkblh\�ijb�i_j_kq_-
l_� khklZ\h\� Zfnb[heZ� gZ� djbklZeehobfbq_kdb_� dhwnnbpb_glu�

bf_xl�aZiheg_gb_�ihabpbb�:�[hevr_�����n��_��KhklZ\�Zfnb[heZ

hij_^_e_g� ba� fhghnjZdpbc� h[t_fhf� !���� ]jZffZ� klZg^Zjlguf

obfbq_kdbf�ZgZebahf��Dhgljhev�fhghnjZdpbc�Zfnb[heZ�gZ�qbk-
lhlm�\�bff_jkbhgghf�ij_iZjZl_�iha\hey_l�hij_^_eblv�hlkmlkl\b_

khkms_kl\mxsbo�k�Zfnb[hehf�^jm]bo�fbg_jZeh\��gh�g_�hij_^_-
ey_l�hlkmlkl\b_�beb�gZebqb_�kf_kb�Zfnb[heh\��hkh[_ggh�^ey�Zf-
nb[heh\� k� bgl_gkb\ghc� l_fgh�a_e_ghc� hdjZkdhc��<_jhylgh�� ob-
fbq_kdbc�khklZ\�^Zgguo�ijh[�hljZ`Z_l�kf_kv�g_kdhevdbo�Zfnb-
[heh\�beb�ahgZevguo�Zfnb[heh\�

<�ihke_^gb_�]h^u�obfbq_kdbc�khklZ\�fbg_jZevguo�\b^h\

k_jbc�`_^jblZ��dmffbg]lhgblZ��iZj]ZkblZ��q_jfZdblZ�b�lj_fheb-
lZ� hij_^_e_g�gZ�fbdjhZgZebaZlhj_� ©-HRO��6XSHUSUREH����ª�BFbg
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MjH� J:G� �Dhjbg_\kdbc�<� =�� ������ ������ ;Z`_gh\�:�� =�� b� ^j�
�������Ij_^klZ\eyy�gh\u_�^ey�Bevf_gh]hjkdh]h�dhfie_dkZ�\b^u

Zfnb[heh\��Z\lhju�g_�mdZau\Zxl�klZg^Zjl��bkihevah\Zgguc�ijb

ijh\_^_gbb� ZgZebaZ�� beb� ijb\h^blky� hq_gv� hjb]bgZevguc� ©wlZ-
ehgª� �"��� ©<� dZq_kl\_� wlZehgh\� ijbf_gyebkv� h[jZapu�� ex[_agh

ij_^hklZ\e_gggu_�(�� -DURVHZLFK�� ,��$��1HOHQ�� ,��1RUEHUJ�«ª� �Dh-
jbg_\kdbc�<��=���������klj�������Beb�`_� �\�dZq_kl\_�wlZehgh\�bk-
ihevah\Zgu���hkmfbebl��^ey�hij_^_e_gby�.��$O��6L���^bhikb^��&D�

0J���bevf_gbl��7L��)H���kdZihebl��1D��&O���jh^hgbl��0Q��b�ZiZlbl

�)���;Z`_gh\� �:��=��b�^j���������klj�������l��_��klZg^Zjl��hlebqZx-
sbcky� hl� Zfnb[heh\� ih� kljmdlmj_� b� kh^_j`Zgbx� we_f_glh\� gZ

ihjy^hd��GZkdhevdh� ijZ\bevgh� ijbf_g_gb_� lZdbo� wlZehgh\� ijb

hij_^_e_gbb�khklZ\Z�Zfnb[heZ"

>ey� dZevpb_\uo� Zfnb[heh\� k_jbb� lj_fheblZ� b� w^_gblZ�

gZljb_\h�dZevpb_\uo�²�lZjZfblZ��dZlZnhjblZ��jbol_jblZ��[ZjjmZab-
lZ� b� \bgqblZ�� j_]bkljbjm_lky� ^_nbpbl� dj_fg_azfZ� b� Zexfbgby� \

l_ljZw^jbq_kdbo� ihabpbyo� \� dhebq_kl\_� hl� ����� ^h� ����� n�� _�� >h

ihegh]h�aZiheg_gby�ihabpby�L�^hihegy_lky�lj_o\Ze_glguf�`_e_-
ahf�b�lblZghf��<oh`^_gb_�7L4+�b�)H3+�\�l_ljZw^jbq_kdb_�ihabpbb

wdki_jbf_glZevgh�g_�hij_^_e_gh�

>ey�hl^_evguo�fbg_jZevguo�\b^h\�Zfnb[heh\�hij_^_e_gh

g_lbibqgh_�khhlghr_gb_�^\mo�� lj_o\Ze_glguo�dZlbhgh\�\�ihab-
pbb�&��\�dZebciZj]Zkbl_�ba�]jZgZl�kdZihebl�Zfnb[heh\uo�ihjh^�

dZebcfZ]g_abh]Zklbg]kbl_� b� dZebc]Zklbg]kbl_� ba� ]jZgZl�

kdZihebl�Zfnb[heh\uo� ihjh^� b� ieZ]bh]g_ckh\�� ]Zklbg]kbl_�n_-
gblh\�khklZ\ey_l������Z�\�jbol_jbl_��nlhjhjbol_jbl_�b�n_jjb[Zj-
jmZabl_� n_gblh\� b� i_]fZlblh\� hl\_qZ_l� �����<_jhylgh�� ^ey� gbo

khojZgy_lky�kljmdlmjZ�i_j\bqgh]h�Zfnb[heZ�

Ij_^klZ\bl_evghklv� fZkkb\Z� ^Zgguo� ih� Zfnb[heZf�Bev-
f_gh]hjkdh]h�dhfie_dkZ�hp_g_gZ�gZfb�\�^\mo�Zki_dlZo�

1. Bf_xsbcky�nZdlbq_kdbc�fZl_jbZe�hljZ`Z_l�jZaghh[jZ-
ab_�fbg_jZevguo�\b^h\�Zfnb[heh\�\�ihjh^Zo�dhfie_dkZ�k�^hklZ-
lhqghc� iheghlhc� �obfbq_kdbc� khklZ\�� hilbq_kdb_� k\hckl\Z�� ^b-
njZdlh]jZffZ��iZjZf_lju�we_f_glZjghc�yq_cdb�b�^jm]b_�k\hckl-
\Z�� b� oZjZdl_jbam_l� dZ`^uc� fbg_jZevguc� \b^� Zfnb[heZ� b� bo

jZkijhkljZg_gb_�\�hkgh\guo�lbiZo�ihjh^�dhfie_dkZ�

���Bf_xsbcky�nZdlbq_kdbc�fZl_jbZe�g_�hljZ`Z_l�w\hex-
pbx�Zfnb[heh\�\�bklhjbb�ijhp_kkh\�fZ]fZlbafZ�b�f_lZfhjnba-
fZ� \� dhfie_dk_� ba�aZ� hlkmlkl\by� ^Zgguo� ih� khkms_kl\mxsbf

Zfnb[heZf� b� bo� ahgZevghklb�� lh]^Z� dZd� \� dZ`^hf� lbi_� ihjh^

dhfie_dkZ�ijbkmlkl\m_l�^\Z�b�[he__�fbg_jZevguo�\b^Z�Zfnb[h-
eZ��DZd�ke_^kl\b_�wlh]h��k\yav�hkh[_gghklb�khklZ\Z�Zfnb[heZ�±
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l_jfh^bgZfbq_kdb_� �b� ]_hobfbq_kdb_�iZjZf_lju�ijhp_kkh\�h[-
jZah\Zgby�b�ij_h[jZah\Zgby�ihjh^�jZkkfhlj_gZ�\�h[sbo�q_jlZo�

Hp_gdZ� l_jfh^bgZfbq_kdbo� b� ]_hobfbq_kdbo� mkeh\bc

f_lZfhjnbq_kdbo�ijhp_kkh\�\�dhfie_dk_�\�[hevrbgkl\_�kemqZ_\

ijb\h^bl�d�g_h^ghagZqguf�j_amevlZlZf��H[mkeh\e_gh�wlh�keh`-
ghc� b� ^ebl_evghc�� hl� Zjo_y� ^h� f_ahahy�� w\hexpb_c� ihjh^�� keZ-
]Zxsbo� Bevf_gh]hjkdbc� dhfie_dk�� Z� lZd`_� bkihevah\Zggufb

^ey�bo�hij_^_e_gby�f_lh^Zfb�

Hkh[_gghklb�khklZ\Z�Zfnb[heZ�²�kh^_j`Zgb_�lblZgZ��khhl-
ghr_gb_� l_ljZw^bq_kdh]h�b�hdlZw^jbq_kdh]h� Zexfbgby��`_e_ab-
klhklv� b� ^j�� bkihevah\Zebkv� jZg__�� b� ijbf_gyxlky� k_cqZk� ^ey

hij_^_e_gby�l_jfh^bgZfbq_kdbo�mkeh\bc�bo�h[jZah\Zgby�\�Bev-
f_gh]hjkdhf�dhfie_dk_�

Bkihevah\Zgb_�kh^_j`Zgby�lblZgZ�\�Zfnb[he_�ijb�mklZgh\e_-
gbb�_]h�nZpbZevghc�ijbgZ^e_`ghklb�g_dhjj_dlgh��l��d��\�[hevrbg-
kl\_� ijh[� khklZ\� Zfnb[heZ� hij_^_e_g� klZg^Zjlguf� obfbq_kdbf

f_lh^hf��Z�\�ihjh^_�\k_]^Z�ijbkmlkl\m_l�lblZgh\uc�fbg_jZe�

Hlg_k_gb_�Zfnb[heZ�d�hij_^_e_gghc�f_lZfhjnbq_kdhc�nZ-
pbb� ih� l_ljZw^jbq_kdhfm� b� hdlZw^jbq_kdhfm� Zexfbgbx� \� _]h

khklZ\_�ijbf_gy_lky�qZklh��gh�^he`gh�jZkkfZljb\Zlvky�^ey�Bev-
f_gh]hjkdh]h�dhfie_dkZ�k�mq_lhf�ijhy\e_gguo�iha^gbo�ijhp_k-
kh\��GZ�jbk����hljZ`_gh�jZkij_^_e_gb_�6L��$OIV) – AlVI�\�Zfnb[h-
eZo�dhfie_dkZ��G_�h[km`^Zy�jZkij_^_e_gb_� Zexfbgby�ih� l_ljZ-
w^jbq_kdhc�b�hdlZw^jbq_kdhc�ihabpbyf�^ey�\k_o�k_jbc� Zfnb[h-
eh\��ijb\_^zf�h^bg�ijbf_j��KZfh_�\ukhdh_�dhebq_kl\h�l_ljZw^-
jbq_kdh]h������²�����n��_���b�\ukhdh_�²�hdlZw^jbq_kdh]h������²

����n��_���Zexfbgby�\�ihe_� ]jZgmeblh\hc�nZpbb�hij_^_e_gh�^ey

kZ^ZgZ]Zblh\�ba�nbjkblh\�b�dZebciZj]Zkblh\�ba�]jZgZl�kdZihebl�

Zfnb[heh\uo�ihjh^��Gh�bo�h[jZah\Zgb_�k\yaZgh�k�iha^gbfb�ijh-
p_kkZfb��n_gblbaZpby��kdZiheblbaZpby�b�^j���

Hij_^_e_gb_� l_fi_jZlmju� h[jZah\Zgby� Zfnb[hekh^_j`Z-
sbo� ihjh^� ih� ]jZgZl�Zfnb[heh\hfm� ]_hl_jfhf_ljm� bf__l� jy^

h]jZgbq_gbc� �=e_[h\bpdbc�� ������ b� ijb� wlhf� ijh\h^blv� jZkq_l

ih�\Zeh\hfm�khklZ\m�khkms_kl\mxsbo�fbg_jZeh\� �]jZgZl±Zfnb-
[he��Zfnb[he±[bhlbl��]jZgZl±[bhlbl���^Z`_�ba�ijh[�[_a�\b^bfuo

ke_^h\� gZeh`_gguo� ijhp_kkh\�� g_dhjj_dlgh�� LZdbf� h[jZahf�

hp_gdZ� mkeh\bc� h[jZah\Zgby� Zfnb[hekh^_j`Zsbo� ihjh^� \� dhf-
ie_dk_�^he`gZ�[ulv�i_j_kfhlj_gZ�

Ijb�bamq_gbb�Bevf_gh]hjkdh]h�dhfie_dkZ�gZfb�ihemq_gu

g_dhlhju_�^Zggu_�ih�w\hexpbb��fbg_jZeh\�]jmiiu�Zfnb[heZ�

:fnb[heu� k_jbb� q_jfZdbl� ²� dZeb_\uc�n_jjbq_jfZdbl� ba

Zih^bZ[Zah\uo� �"��]jZgZlh\uo�Zfnb[heblZo�k_eygdbgkdhc�lhesb�b
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Zexfbghq_jfZdbl  �ba  �]jZgZl�phbablh\uo   Zfnb[heblh\�� Zkkhpbb-
jmxsbo��k��k_ji_gl_gblZfb��y\eyxlky�ij_^klZ\bl_eyfb�kZfuo�\ukh�

Jbk�����Khhlghr_gb_�Si4+–AlVI \�Zfnb[heZo�Bevf_gh]hjkdh]h
dhfie_dkZ��Mke��h[hag��kf���lZ[e����
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Jbk�����<ZjbZpbb�Si4+–ΣAl b�Ka–ΣAl (Z���Na–Ca b R–Ca��[���kj_^gb_
agZq_gby��\�Zfnb[heZo�Bevf_gh]hjkdh]h�dhfie_dkZ��Mke��h[hag��kf��lZ[e����

Ghf_jZ� k_jbb� Zfnb[heh\:� �� ²� iZj]ZkblZ�� �� ²� ]Zklbg]kblZ�

��²�kZ^ZgZ]ZblZ����²�]hjg[e_g^blZ����²�q_jfZdblZ����²�jbol_jblZ����²�dZlZnh-
jblZ����²�lZjZfblZ����²�[ZjjmZablZ�����²�w^_gblZ�
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dhl_fi_jZlmjguo�h[jZah\Zgbc��]jZgmeblh\hc�nZpbb��\�Bevf_gh]hj-
kdhf� dhfie_dk_��L_fi_jZlmjZ� h[jZah\Zgby� dZeb_\h]h�n_jjbq_jfZ-
dblZ�� jZkkqblZggZy� ih� ]jZgZl�Zfnb[heh\hfm� ]_hl_jfhf_ljm�� khhl-
\_lkl\m_l�^ey�p_gljZevguo�ahg�a_j_g������K��^ey�djZy������K��<Zeb-
a_j�I��F���F_^\_^_\Z�?��<��\�i_qZlb���>ey�Zexfbghq_jfZdblh\�l_f-
i_jZlmjZ� h[jZah\Zgby�� hij_^_e_ggZy� ih� ]jZgZl�Zfnb[heh\hfm� ]_h-
l_jfhf_ljm� jZ\gZ� ^ey� p_gljZevguo� ahg� a_j_g� ���²���� �K� �L1),
^ey� djZy� ���²���� �K� �L2��� >ey� bo� ij_h[jZah\Zgguo� jZaghkl_c

590—575��K��L3���<Zeba_j�I��F���F_^\_^_\Z�?��<���Dheh^dbgZ�?��<���\

i_qZlb��

Hkgh\gh_� jZaebqb_� \� khklZ\_� Zfnb[heh\: \ukhdh_� kh^_j-
`Zgb_�lblZgZ�������\_k������dZeby�������\_k�����\�dZeb_\hf�n_jjb-
q_jfZdbl_� b� gbadh_� ������ \_k�� ��� ����� \_k. % khhl\_lkl\_ggh�� \
Zeexfbghq_jfZdbl_��Ijb� wlhf� kh^_j`Zgb_� ^Zgguo� we_f_glh\� \

\Zeh\hf�khklZ\_�ihjh^�lZd`_�jZagh_��>ey�Zih^bZ[Zah\uo��"��]jZ-
gZlh\uo�Zfnb[heblh\�kh^_j`Zgb_� lblZgZ� khklZ\ey_l� ����\_k. %,
dZeby�²������\_k����� Z�\� ]jZgZl�phbablh\uo� Zfnb[heblZo� khhl-
\_lkl\_ggh����²����\_k��������²����\_k����

Ijb�fb]fZlbaZpbb� Zih^bZ[Zah\uo� ]jZgZlh\uo� Zfnb[heb-
lh\�gZ[ex^Z_lky�kf_gZ�fbg_jZevgh]h�\b^Z�Zfnb[heZ�hl�dZeb_\h-
]h�n_jjbq_jfZdblZ�d�n_jjbfZ]g_abh]hjg[e_g^blm��KhklZ\�Zfnb-
[heZ� klZgh\blky� [he__� dj_fg_azfbkluf�� kh^_j`bl�f_gvr_� Zex-
fbgby��hdlZw^jbq_kdh]h�Zexfbgby��lblZgZ�b�dZeby��@_e_abklhklv

Zfnb[heZ�ih\urZ_lky��g_agZqbl_evgh��lZ[e������jbk� �����Dhebq_-
kl\h�dZevpby�b�gZljby�\�ihabpbb�F��g_�f_gy_lky�

<�ijhp_kk_�ij_h[jZah\Zgby�]jZgZl�phbablh\uo�Zfnb[heb-
lh\� \� [eZklhfbehgblbabjh\Zggu_� Zfnb[heblu�� ijb� i_j_oh^_

Zexfbghq_jfZdblZ�\�fZ]g_abh]hjg[e_g^bl��^ey�khklZ\Z�Zfnb[h-
eZ�hlf_qZxlky�ZgZeh]bqgu_�baf_g_gby��Z�lZd`_�mf_gvr_gb_�dh-
ebq_kl\Z�gZljby�\�ihabpbb�:�

:fnb[heu�k_jbb�]hjg[e_g^blZ�\�ihjh^Zo�dhfie_dkZ�h[jZ-
ah\Zgu� \� j_amevlZl_� j_]j_kkb\guo� ijhp_kkh\� �fb]fZlbaZpbb� b

^j���\�mkeh\byo�Zfnb[heblh\hc�nZpbb��Z� lZd`_�ijb�ijh]j_kkb\-
ghf� f_lZfhjnbaf_� ihjh^� \� mkeh\byo� wib^hl�Zfnb[heblh\hc� b

Zfnb[heblh\hc�nZpbb�

Hkh[_gghklb� khklZ\Z� dZeb_\uo� n_jjbq_jfZdblh\–n_jjb-
fZ]g_abh]hjg[e_g^blh\�k�h^ghc�klhjhgu��b�Zexfbghq_jfZdblh\

–fZ]g_abh–n_jjbfZ]g_abh]hjg[e_g^blh\� k� ^jm]hc�� \� kh\hdmigh-
klb�k�hkh[_gghklyfb�fbg_jZevgh]h�b�obfbq_kdh]h�khklZ\Z�ihjh^�

\� dhlhjuo� hgb� ijbkmlkl\mxl�� oZjZdl_jbamxl� mkeh\by�nhjfbjh-
\Zgby� ^\mo� jZaguo� nhjfZpbc� dhfie_dkZ� ²� ©k\h_h[jZagh]h

kljmdlmjgh� b� \_s_kl\_ggh� i_j_jZ[hlZggh]h� fbdjhdhglbg_glZª

�DjZkgh[Z_\�:��:��b�^j���������b�hnbheblh\hc�
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=E:<:�4
Ghf_gdeZlmjguc�ZgZeba�g_dhlhjuo�k_jbc�]jmiiu

Zfnb[heh\�b�kjZ\gbl_evguc�ZgZeba�Zfnb[heh\

jZaguo�dhfie_dkh\

������K_jby�kZ^ZgZ]ZblZ

<� ����� ]h^m� gZ� l_jjblhjbb� Yihgbb� \� kdZjgZo� kj_^b� ba-
\_klgydh\� hibkZgu� Zfnb[heu� k� kh^_j`Zgb_f� dj_fg_azfZ� �6L�

f_g__�����n��_���Shimazaki et al., 1984����l��_��gb`_��q_f�m�ba\_klguo
Zfnb[heh\��Wlh�ihkem`beh�hkgh\Zgb_f�^ey�\u^_e_gby�^\mo�gh-
\uo�fbg_jZevguo�\b^h\��©kZ^ZgZ]ZblZª��\�ihabpbb�K�)H2+!0J��b

©fZ]g_abhkZ^ZgZ]ZblZª� �\�ihabpbb�K�0J!)H2+���;ZeZgk�dZlbhgh\

ihabpbb�L�\�gbo�^bkdj_lbabjm_lky�^h�6L5Al 3��H[Z�fbg_jZeZ�oZjZd-
l_jbamxlky�ij_h[eZ^Zgb_f�.�gZ^�1D�\�ihabpbb�$��H[sZy� � �nhj-
fmeZ� � ^ey� � gbo�� �.�1D�&D2(Fe2+,Mg,Al,Fe3+,Ti)5[(Si,Al)8O22(OH)2],
(Shimazaki et al., 1984)��>Zevg_crZy�ojhgheh]by�bamq_gby�Zfnb-
[heh\�k_jbb�kZ^ZgZ]ZblZ�\�jZaebqguo�j_]bhgZo�fbjZ�ke_^mxsZy�

²�\������]h^m�\�<hklhqguo�:eviZo�ih^�gZa\Zgb_f�©fZ]g_-
abhkZ^ZgZ]Zblª�hibkZgu�Zfnb[heu��koh^gu_�k�yihgkdbf�©fZ]g_-
abhkZ^ZgZ]Zblhfª��gh�\�ihabpbb�$�1D�ij_h[eZ^Z_l�gZ^�K (Moges-
sie et al., 1986);

²� \� ����� ]h^m� \�Bevf_gh]hjkdhf� dhfie_dk_� �MjZe�� Jhk-
kby��ih^�gZa\Zgb_f� ©kZ^ZgZ]Zblª�hibkZgu�Zfnb[heu��koh^gu_�k

yihgkdbf� ©kZ^ZgZ]Zblhfª��\�h^ghf�ba�ZgZebah\�\�ihabpbb�$�1D

ij_h[eZ^Z_l�gZ^�.��;Z`_gh\�b�^j���������

²� \� ����� ]h^m� \� Ijbhevohgv_� �AZiZ^gh_� Ijb[ZcdZev_�

Jhkkby�� ih^� gZa\Zgb_f� ©n_jjhkZ^ZgZ]Zblª� hibkZg� Zfnb[he�

koh^guc�k�yihgkdbf�©kZ^ZgZ]Zblhfª��\�ihabpbb�$�.�ij_h[eZ^Z_l

gZ^� 1D� �Fbg_jZeu��KijZ\hqgbd�� ������� qZklv� Zfnb[heh\� bf__l

dhebq_kl\h�6L�g_�lhevdh�f_g__�����n��_���gh�^Z`_�f_g__�����n��_��²

kf���gb`_;
²�\������]h^m�\�Bevf_gh]hjkdhf�dhfie_dk_�ih^�gZa\Zgb-

_f� ©fZ]g_abhkZ^ZgZ]Zblª� hibkZg� Zfnb[he�� koh^guc� k� yihgkdbf

©fZ]g_abhkZ^ZgZ]Zblhfª��gh�\�ihabpbb�$�1D�ij_h[eZ^Z_l�gZ^�K
�Iheydh\��;Z`_gh\��������

<�,0$���ijb\h^ylky�^\Z�dhg_qguo�qe_gZ�ghjfZlb\ghc�k_-
jbb�kZ^ZgZ]ZblZ��kZ^ZgZ]Zbl�1D&D2[Fe2+

3(Fe3+,Al)2](Si5Al3O22)(OH)2�b
fZ]g_abhkZ^ZgZ]Zbl� 1D&D2[Mg3(Fe3+,Al)2](Si5Al 3O22)(OH)2�� L_f

kZfuf��\�iheghf�khhl\_lkl\bb�k�ijbgpbiZfb�,0$����mqblu\Z_l-
ky� \ZjbZpby� lhevdh� dZlbhgh\� lbiZ� /� \� ihabpbb�K� �)H2+↔0J�� k

^bkdj_lbaZpb_c�ih�ijZ\bem� ������;ZeZgk�`_�dZlbhgh\�lbiZ�F�\
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h[hbo�fbg_jZeZo�� )H3+>Al. <f_kl_� k� l_f� ij_^mkfZljb\Z_lky� \Z-
jbZpby�dZlbhgh\�lbiZ�F�\�lhc�`_�ihabpbb��)H3+↔$O���l��_��[ZeZgk

Al > Fe3+��Wlh�^Zzl�hkgh\Zgb_�^ey�\\_^_gby� �\�ghjfZlb\gmx�k_-
jbx� kZ^ZgZ]ZblZ� _sz� ^\mo� dhg_qguo� qe_gh\� �\� khhl\_lkl\bb� k

ijZ\beZfb� h[jZah\Zgby� gZa\Zgbc� ,0$���� ZexfbghkZ^ZgZ]Zb-
lZ NaCa2[Fe2+

3(Al,Fe3+)2](Si5Al 3O22)(OH)2�b ZexfbghfZ]g_abhkZ^Z-
gZ]ZblZ�1D&D2[Mg3(Al,Fe3+)2](Si5Al 3O22)(OH)2.

LZdbf� h[jZahf�� ghf_gdeZlmjm� ghjfZlb\guo� Zfnb[heh\� k_-
jbb� kZ^ZgZ]ZblZ� fh`gh� ij_^klZ\blv� \� ke_^mxs_f� \b^_�� lZ[e� 12.
Bf_ggh� lZd�\�fZljbqghc�fh^_eb�ghf_gdeZlmju� Zfnb[heh\�\u]ey-
^bl�yq_cdZ�k_jbb�kZ^ZgZ]ZblZ� <�p_ehf�kZ^ZgZ]Zblu�djbklZeehobfb-
q_kdb���khhl\_lkl\mxl���lbim�51+R2+

2 (L3M2)(Si5Al3)O22(D
-)2.

GZ� hkgh\Zgbb� wlhc� ko_fu� �lZ[e�� ���� ijh\_^zg� ghf_gdeZ-
lmjguc�ZgZeba�him[ebdh\Zgguo�^Zgguo�ih�kZ^ZgZ]ZblZf��Z�lZd`_

ijh\_^_gu� ghf_gdeZlmjgu_� mlhqg_gby� Zfnb[heh\� Bevf_gh]hj-
kdh]h�s_ehqgh]h�dhfie_dkZ��ZgZebabjh\Zgguo�^h�hldjulby�kZ^Z-
gZ]ZblZ��lZ[e�����

LZ[ebpZ���

Ghf_gdeZlmjZ�ghjfZlb\guo�Zfnb[heh\�k_jbb�kZ^ZgZ]ZblZ

;ZeZgk�/

;ZeZgk�F Mg > Fe2+ Fe2+ > Mg

Al > Fe3+

:exfbghfZ]g_abhkZ^ZgZ-
]Zbl

(alumino-magnesiosada-
nagaite)

NaCa2(Mg3Al2)(Si5Al 3)-
O22(OH)2

:exfbghkZ^ZgZ]Zbl

(aluminosadanagaite)
NaCa2(Fe2+

3Al 2)(Si5Al 3)-
O22(OH)2

Fe3+ > Al

FZ]g_abhkZ^ZgZ]Zbl

(magnesiosadanagaite)
NaCa2(Mg3Fe3+

2)(Si5Al 3)-
O22(OH)2

KZ^ZgZ]Zbl

(sadanagaite)
NaCa2(Fe2+

3Fe3+
2)(Si5Al 3)-

O22(OH)2

Ijbf_qZgb_�� DZeb_\u_� ZgZeh]b� ghjfZlb\guo� Zfnb[heh\� k_jbb

kZ^ZgZ]ZblZ�oZjZdl_jbamxlky�ij_h[eZ^Zgb_f�dZeby�gZ^�gZljb_f�\�ihab-
pbb�:��bo�gZa\Zgby�h[jZamxlky�^h[Z\e_gb_f�ijbklZ\db�©dZebcª��©potas-
sicª�� d� gZa\Zgbx� khhl\_lkl\mxs_]h� ghjfZlb\gh]h� Zfnb[heZ�� dZebc-
ZexfbghfZ]g_abhkZ^ZgZ]Zbl� �potassic-alumino-magnesiosadanagaite), dZ-
ebcZexfbghkZ^ZgZ]Zbl� �potassic-aluminosadanagaite��� dZebcfZ]g_abhkZ-
^ZgZ]Zbl� �potassic-magnesiosadanagaite���dZebckZ^ZgZ]Zbl� �potassicsadana-
gaite).
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LZ[ebpZ� 13
KhklZ\u�ijbjh^guo�Zfnb[heh\�k_jbb�kZ^ZgZ]ZblZ

SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O H2O
+ F Σ

1 30.2 4.0 24.8 15.2 0.1 6.6 12.3 1.0 3.7 g_�hij� g_�hij� 97.9
2 29.9 4.3 22.6 17.4 0.3 6.1 11.9 0.6 3.7 g_�hij� g_�hij� 96.8
3 31.1 4.5 22.5 16.2 0.4 6.6 12.0 0.6 3.6 g_�hij� g_�hij� 97.5
4 32.1 3.2 22.0 13.7 0.1 8.0 12.5 0.7 3.8 g_�hij� g_�hij� 96.1
5 33.5 2.1 19.7 17.8 0.5 6.4 11.9 1.2 3.1 g_�hij� g_�hij� 96.2
6 29.5 4.0 23.2 16.4 0.3 7.7 11.9 0.7 3.5 g_�hij� g_�hij� 97.2
7 31.66 0.03 20.37 13.63 0.19 10.85 11.96 3.21 0.74g_�hij� g_�hij� 98.64
8 37.75 0.52 20.50 9.74 - 13.24 12.49 2.71 1.42 g_�hij� g_�hij� 98.09
9 37.41 0.45 22.10 5.13 - 15.47 12.87 3.35 0.02 g_�hij� g_�hij� 96.80
10 28.94 4.09 25.77 20.65 0.12 2.19 11.25 1.04 3.17g_�hij� g_�hij� 97.42
11 33.83 1.50 17.33 4.05 20.47 1.54 3.22 10.99 2.10 2.26g_�hij� g_�hij� 97.23
12 35.43 1.02 21.08 3.77 8.76 0.29 10.08 11.79 1.60 1.20 1.90 0.21 97.04
13 35.70 1.55 13.85 10.48 15.82 - 3.78 9.90 3.07 2.08g_�hij� g_�hij� 96.23
14 34.33 1.53 17.46 5.89 17.78 1.37 3.71 10.43 2.45 2.78 1.70 0.65 99.87

Ijbf_qZgby: :gZebau���²�����²�©kZ^ZgZ]Zblª�ba�kdZjgh\��h�\�X]_��Yihgby����Shimazaki et al., 1984); ��²�©fZ]g_abhkZ^ZgZ]Zblª�ba�kdZj-
gh\�� h�\�Fbh^abg� �Yihgby��� �Shimazaki et al., 1984); ��²� ©gbadhdj_fgb_\uc� Zfnb[he� k_jbb� w^_gbl�]Zklbg]kblª� �AlVI<Fe3+��� kdZjgu�� h�\�X]_
�Yihgby����Shimazaki et al., 1984); ��²�©fZ]g_abhkZ^ZgZ]Zblª�ba�f_lZ[ZablZ��^hebgZ�,lp��Lbjhevkdb_�:eviu��:\kljby����Mogessie et al., 1986); 8—
��²�©fZ]g_abhkZ^ZgZ]Zblª�ba�f_lZdZj[hgZlguo�ihjh^��^hebgZ�,lp��Lbjhevkdb_�:eviu��:\kljby����Mogessie et al., 1986); ���²�©n_jjhkZ^ZgZ]Zblª
ba�jh]h\bdh\hih^h[ghc�ihjh^u�kj_^b�fjZfhjh\��Ijbhevohgv_��AZiZ^gh_�Ijb[ZcdZev_��Jhkkby����Fbg_jZeu��KijZ\hqgbd�������� ���²�©kZ^ZgZ]Z-
blª�ba�nbjkblZ�� kdZevgh_� h[gZ`_gb_�[hjlZ� j��>_fb^h\dZ�� \hklhqguc� wdahdhglZdl�Bevf_gkdh]h�fbZkdblh\h]h� l_eZ��Bevf_gh]hjkdbc� dhfie_dk
�X`guc�MjZe����;Z`_gh\�b�^j��������� ���²�©fZ]g_abhkZ^ZgZ]Zblª�ba�dhjmg^kh^_j`Zs_]h�Zfnb[heblZ��ih^gh`b_�k_\_jgh]h�kdehgZ�KZ\_evdmev-
kdhc�khidb��Bevf_gh]hjkdbc�dhfie_dk��X`guc�MjZe����Iheydh\��;Z`_gh\�������� ���²�©]Zklbg]kblª�ba�nbjkblZ��rmjn��������jZaj_a�Rbjhdbc
eh]�²�ha��Kmgmdmev��<hklhqgh_�fbZkdblh\h_�l_eh��Bevf_gh]hjkdbc�dhfie_dk��X`guc�MjZe����E_\bg��������lZ[e������Zg�������; ���²�©]Zklbg]-
kblª�ba�fbZkdblZ��h[g�������@��kdZevgh_�h[gZ`_gb_�[hjlZ�j��>_fb^h\dZ��\hklhqguc�wdahdhglZdl�Bevf_gkdh]h�fbZkdblh\h]h�l_eZ��Bevf_gh]hj-
kdbc�dhfie_dk� �X`guc�MjZe����E_\bg��������lZ[e������Zg�������. Hij_^_e_gb_�khklZ\h\������²���²�fbdjhahg^h\uc�ZgZeba�������²���²

klZg^Zjlguc�kbebdZlguc�ZgZeba��©fhdjZyª�obfby��
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DjbklZeehobfbq_kdb_�nhjfmeu�Zfnb[heh\��ZgZebau�dhlh-
juo�ijb\_^_gu�\�lZ[e������ke_^mxsb_�

1. (K.71Na.29)1.0Ca2.01(Fe2+
1.55Mg1.50Mn.02)3.07(Al 1.07Ti.46Fe3+

.40)1.93-
(Si4.61Al 3.39)8.0O22(OH)2;

2. (K.74Na.16).90(Ca1.99Na.01)2.0(Fe2+
1.63Mg1.41Mn.04)3.08(Al .81Fe3+

.63-
Ti.50)1.94(Si4.66Al 3.34)8.0O22(OH)2;

3. (K.69Na.16).95(Ca1.97Na.03)2.0(Fe2+
1.60Mg1.52Mn.05)3.17(Al .85Ti.51-

Fe3+
.48)1.84(Si4.77Al 3.23)8.0O22(OH)2;

4. (K.75Na.22).97Ca2.07(Mg1.84Fe2+
1.37Mn.01)3.22(Al .94Fe3+

.39Ti.38)1.71-
(Si4.95Al 3.05)8.0O22(OH)2;

5. (K.62Na.37).99Ca2.0(Fe2+
1.94Mg1.48Mn.06)3.48(Al .88Fe3+

.39Ti.25)1.52-
(Si5.24Al 2.76)8.0O22(OH)2;

6. (K.68Na.20).88(Ca1.96Mg.04)2.0(Mg1.71Fe2+
1.13Mn.04)2.88(Fe3+

.97Al .71-
Ti.46)2.14(Si4.52Al 3.48)8.0O22(OH)2;

7. (Na.76K.14).90(Ca1.86Na.14)2.0(Mg2.35Fe2+
.87Mn.02)3.24(Al .94Fe3+

.79-
Ti.03)1.76(Si5.47Al 2.53)8.0O22(OH)2;

8. (Na.69K.26).95(Ca1.93Na.07)2.0(Mg2.85Fe2+
.55)3.40(Al .95Fe3+

.56-
Ti.09)1.60(Si5.46Al 2.54)8.0O22(OH)2;

9. Na.90(Ca1.97Na.03)2.0Mg3.29(Al 1.05Fe3+
.61Ti.05)1.71(Si5.34Al 2.66)8.0-

O22(OH)2;

10. (K.63Na.20).83(Ca1.88Na.12)2.0(Fe2+
2.19Mg.51Mn.02)2.72(Al 1.27Fe3+

.53-
Ti.48)2.28(Si4.52Al 3.48)8.0O22(OH)2;

11. (Na0.52K0.46)0.98(Ca1.87Na0.13)2.0(Fe2+
2.46Mg0.76Mn0.21)3.43(Fe3+

0.75-
Al 0.64Ti0.18)1.57(Si5.39Al 2.61)8.0O22(OH)2.0

12. (Na0.37K0.23)0.60(Ca1.90Na0.10)2.0(Mg2.26Fe2+
0.64Mn0.04)2.94(Al 1.05-

Fe3+
0.89Ti0.12)2.06(Si5.32Al 2.68)8.0O22(OH)2.0

13. (Na.51K.45).96(Ca1.86Na.14)2.0(Fe2+
2.04Mg.76Mn.01)3.01(Fe3+

1.18Al .64-
Ti.18)2.0(Si5.39Al 2.61)8.0O22(OH,O)2;

14. (K0.56Na0.52)1.08(Ca1.77Na0.23)2.0(Fe2+
2.22Mg0.88Mn0.18)3.28(Fe3+

0.83-
Al 0.70Ti0.18)1.71(Si5.44Al 2.56)8.0O22(OH,F)2.0.

Ijb�jZa\zjlu\Zgbb�nhjfme�bkihevah\Zgu�^Zggu_�i_j_kqz-
lZ�ZgZebah\�ba�khhl\_lkl\mxsbo�jZ[hl������²���²�gZ����ZlhfZ

H�������²�gZ����ZlhfZ��H���ihke_�i_j_kq_lZ�gZ����dZlbhgh\

nhjfmeu� ijbgpbibZevgh� g_� f_gyxlky��� :gZebau� ��� ��²��

i_j_kqblZgu�gZ� ���dZlbhgh\��Ghf_jZ�nhjfme�khhl\_lkl\mxl�gh-
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f_jZf�ZgZebah\�\�lZ[ebp_���� Ijb�i_j_kqzlZo�g_dhlhjuo�bevf_g-
kdbo�Zfnb[heh\�������������[ZeZgk�dZlbhgh\�ihabpbb�K�ijb\h-
^beky�d�/3M2��imlzf�i_j_\h^Z�qZklb�)H�ba�nhjfu�/�\�nhjfm�0�k

mqzlhf� kmffZjgh]h�dZlbhggh]h� aZjy^Z� ���� �lj_[h\Zgb_� we_dljh-
g_cljZevghklb��� Ij_\ur_gb_� kmffZjgh]h� dZlbhggh]h� aZjy^Z� \

wlbo�nhjfmeZo�dhfi_gkbjh\Zgh�\\_^_gb_f�ZgbhgZ�H2-�\�ihabpbx

'��_]h�dhebq_kl\h�g_�ij_\urZ_l���n��_���l��_��HG-�ij_h[eZ^Z_l��wlh

klZg^ZjlgZy� ijhp_^mjZ�� bkihevam_fZy� ijb� i_j_kqzl_� ZgZebah\

Zfnb[heh\��

:gZeba�djbklZeehobfbq_kdbo�nhjfme�ihdZau\Z_l��qlh�\k_

kZ^ZgZ]Zblu�ba�Yihgbb�b�HevohgZ�hlghkylky�d�dZeb_\uf� ZgZeh-
]Zf��Z�ba�:evi�b�Bevf_gkdbo�]hj�²�d�ghjfZlb\guf��Z�bf_ggh�

²� ©kZ^ZgZ]Zbluª�Yihgbb�� �Shimazaki et al., 1984�� ²� \k_

khhl\_lkl\mxl�dZebcZexfbghkZ^ZgZ]blm� ���� �—��� ��nhjfme�b

ZgZebah\�\�lZ[e��10);
²� ©fZ]g_abhkZ^ZgZ]Zbluª� Yihgbb�� �Shimazaki et al.,

1984�²� ^\mf� dhg_qguf� qe_gZf��dZebcZexfbghfZ]g_abhkZ^ZgZ�

]Zblm��� 4)�b�dZebcfZ]g_abhkZ^ZgZ]Zblm��� 6);
²�©fZ]g_abhkZ^ZgZ]Zbluª�ba�:evi�� �Mogessie et al., 1986)

²�ZexfbghfZ]g_abhkZ^ZgZ]Zblm���� 7—9);
²�©n_jjhkZ^ZgZ]Zblª�ba�Ijbhevohgvy�� �Fbg_jZeu��KijZ-

\hqgbd��������²�dZebcZexfbghkZ^ZgZ]blm��������

²�©kZ^ZgZ]Zblª�ba�Bevf_g���;Z`_gh\�b�^j���������²�kZ^Z-
gZ]Zblm��������

²� ©fZ]g_abhkZ^ZgZ]Zblª� ba� Bevf_g�� �Iheydh\�� ;Z`_gh\�

������²�ZexfbghfZ]g_abhkZ^ZgZ]Zblm��� 12).
G_h[oh^bfh� hlf_lblv�� qlh� \� ����� ]h^m� ih^� ©g_gZa\Zgghc

nZahcª�[ue�hibkZg�Zfnb[he�k�h��KZj^bgby�� �'RPHQHJKHWWL� HW� DO��

�������hl\_qZxsbc�ih�khklZ\m�ZexfbghfZ]g_abhkZ^ZgZ]Zblm�

J_\baby� ^Zgguo� ih� khklZ\Zf� Zfnb[heh\�Bevf_gkdbo� ]hj

\uy\beZ� _sz� ^\Z� ZgZebaZ�� hlg_kzgguo� \� k\hz� \j_fy� � Z\lhjhf� d

]Zklbg]kblm��E_\bg��������lZ[e������������������gh�ih�,0$���kh-
hl\_lkl\mxsbo� k_jbb� kZ^ZgZ]ZblZ� �lZ[e�� ���������²����� DZd

\b^gh� ba� djbklZeehobfbq_kdbo� nhjfme�� h^bg� ba� gbo� y\ey_lky

kZ^ZgZ]Zblhf��l��_��ghjfZlb\guf� ��������Z�\lhjhc�²�dZebckZ^Z-
gZ]Zblhf��l��_��dZeb_\uf�ZgZeh]hf�kZ^ZgZ]ZblZ��������

LZdbf� h[jZahf��ghf_gdeZlmjguc� ZgZeba� ba\_klguo� Zfnb-
[heh\�k_jbb�kZ^ZgZ]ZblZ�\uy\ey_l�ke_^mxs__�

���<�gZklhys__�\j_fy�\�ijbjh^_�ba\_klgu�r_klv�dhg_qguo

qe_gh\�k_jbb�kZ^ZgZ]ZblZ�

���GhjfZlb\gu_� Zfnb[heu� k_jbb� kZ^ZgZ]ZblZ�ij_^klZ\e_-
gu�lhevdh�^\mfy�dhg_qgufb�qe_gZfb�ba�q_lujzo��ZexfbghfZ]g_-
abhkZ^ZgZ]Zblhf� �:eviu� —���� �—9 \� lZ[e�� 10�� Bevf_gu� —
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�������b�kZ^ZgZ]Zblhf��Bevf_gu�—�������������>\Z�^jm]bo�dh-
g_qguo�qe_gZ� �ZexfbghkZ^ZgZ]Zbl�b�fZ]g_abhkZ^ZgZ]Zbl��g_�mk-
lZgh\e_gu�

���DZeb_\u_�ZgZeh]b�ghjfZlb\guo�Zfnb[heh\�k_jbb�kZ^Z-
gZ]ZblZ�ij_^klZ\e_gu�q_lujvfy�dhg_qgufb�qe_gZfb�

— dZebcZexfbghfZ]g_abhkZ^ZgZ]Zblhf��Yihgby —�� 4),
— dZebcZexfbghkZ^ZgZ]blhf� �Yihgby� —� ��� �—3, 5;

Ijbhevohgv_�—�������

— dZebcfZ]g_abhkZ^ZgZ]Zblhf��Yihgby�—������

— dZebckZ^ZgZ]Zblhf��Bevf_gu�—�������

���Bevf_gkdb_� kZ^ZgZ]Zblu�ij_^klZ\e_gu� lj_fy�dhg_qgu-
fb� qe_gZfb� ba�r_klb� ba\_klguo�� ^\Z� ²� ghjfZlb\gu_�� h^bg� ²

dZeb_\uc�ZgZeh]��Ijbqzf�^\Z�ba�gbo�ba\_klgu�lhevdh�\�Bevf_gZo —
kZ^ZgZ]Zbl�b�dZebckZ^ZgZ]Zbl�

5. DZd� m`_� hlf_qZehkv� ijb� hibkZgbb� fZljbqghc� fh^_eb
ghf_gdeZlmju� Zfnb[heh\�� \� klZlv_� ©KZ^ZgZ]Zblª� ijb\h^ylky

^\Z� ZgZebaZ� ©n_jjhkZ^ZgZ]ZblZª� �Fbg_jZeu��KijZ\hqgbd�� �����

klj������������b�����oZjZdl_jbamxsb_ky�kh^_j`Zgb_f�Si < 4.5 n��_�
Lh� _klv� [ZeZgk� dZlbhgh\� ihabpbb� L� \� gbo� ^bkdj_lbabjm_lky� ^h

\b^Z�Si4Al4. IMA97 g_�jZkkfZljb\Z_l� lZdhc�[ZeZgk�dZlbhgh\�ih-
abpbb�L��H^gZdh�\�fZljbqghc�fh^_eb�lZdhc�[ZeZgk�dZlbhgh\�ij_-
^mkfhlj_g��b�hg�gZoh^blky�aZ�ij_^_eZfb�ihey�ba\_klguo�Zfnb[h-
eh\��Ih�\b^bfhfm�� wlb�^\Z�ZgZebaZ�hldju\Zxl�k_jbx�gh\uo�Zf-
nb[heh\�� jZkrbjyy� l_f� kZfuf� ihe_� ijbjh^guo� Zfnb[heh\�

B^_Zebabjh\ZggZy� � nhjfmeZ� wlbo� gh\uo� Zfnb[heh\� bf__l� \b^�

R1+R2+
2(L2M3)(Si4Al 4)O22(D)2.

:fnb[heu� k_jbb� kZ^ZgZ]ZblZ� \� Bevf_gh]hjkdhf� s_-
ehqghf� dhfie_dk_� mklZgh\e_gu� \� ke_^mxsbo� ]_heh]bq_kdbo� mk-
eh\byo�

²�:exfbghfZ]g_abhkZ^ZgZ]Zbl�²�\�Zfnb[heblZo�ih�dk_-
gheblm�hkgh\ghc�ba\_j`_gghc�ihjh^u��\�ZkkhpbZpbb�k�dhjmg^hf

b�ribg_evx��mkeh\by�[ebadb_�d�<hklhqguf�:eviZf���Mogessie et
al., 1986).

²� KZ^ZgZ]Zbl� ²� h^bg� ba� hkgh\guo� ihjh^hh[jZamxsbo

Zfnb[heh\�nbjkblh\��Nbjkbl�²� ]jZgZlkh^_j`Zsbc� �]jhkkmeyj�

Zfnb[heh\uc� kb_gbl�� k� g_n_ebghf� b� [_a� g_]h�� JZkiheZ]Z_lky

\^hev� dhglZdlZ�fbZkdblh\h]h�fZkkb\Z� k� \f_sZxsbfb� lhesZfb�

JZkkfZljb\Z_lky�dZd�s_ehqghc�f_lZfhjnbah\Zgguc�kb_gbl��"��

²�DZebckZ^ZgZ]Zbl�²� hlf_q_g� \� Zfnb[heh\hf�fbZkdbl_

[eba�dhglZdlZ�_]h�k�nbjkblhf�

>ey�fbZkdblh\� oZjZdl_jgu� Zfnb[heu�� ]Zklbg]kbl��n_jjblZ-
jZfbl��dZebckZ^ZgZ]Zbl�\�ahg_�dhglZdlZ�k�nbjkblhf��Z�lZd`_�dZebc-
n_jjblZjZfbl� \�`bevguo� l_eZo��KZ^ZgZ]Zbl� y\ey_lky� ihjh^hh[jZ-



76

amxsbf�fbg_jZehf�nbjkblh\�� JZaebqb_� khklZ\h\� Zfnb[heh\�fbZ-
kdblh\�b�nbjkblh\�fh`_l� k\b^_l_evkl\h\Zlv� h� jZaebqbb�J�L� mkeh�

\bc� h[jZah\Zgby� wlbo� ihjh^� ijb� nhjfbjh\Zgbb� fbZkdblh\h]h

dhfie_dkZ�

4. ���K_jby�]hjg[e_g^blZ

L_jfbg� ©jh]h\Zy� h[fZgdZª� \i_j\u_� ihy\beky� \� jmkkdhf

i_j_\h^_�:��D��L_jg[_j]Z�klZlvb�B��G��F_g]_��F_g]_��������²�lZd

\�kibkd_�fbg_jZeh\�Bevf_gkdbo�]hj�i_j_\_^_gh�g_f_pdh_�gZa\Z-
gb_� Zfnb[heZ� ©hornblendeª�� <gh\v� wlhl� l_jfbg� ihy\ey_lky� \
����� ]h^m� \� i_j_\h^_� jZ[hlu�=��Jha_� �Jha_�� ������Rose�� ������b
\ihke_^kl\bb�aZdj_iey_lky�\�jmkkdhyauqghc�ghf_gdeZlmj_�fbg_-
jZeh\��<����\_d_�\�fbg_jZeh]bb�[ueb�jZkijhkljZg_gu�©h[fZgdbª�

©[e_kdbª��©riZluª�b�^j��Ihkl_i_ggh��\�k\yab�k�[he__�^_lZevguf

bamq_gb_f� fbg_jZeh\�� jZa\blb_f� deZkkbnbdZpbb� fbg_jZeh\� b

kh\_jr_gkl\h\Zgb_f� ghf_gdeZlmju�� ijZdlbq_kdb� \k_� hgb� [ueb

\ul_kg_gu�ba�ghf_gdeZlmju�beb�ijbh[j_eb�klZlmk�l_jfbgh\�k\h-
[h^gh]h� ihevah\Zgby� �ihe_\u_�riZlu��� ©Jh]h\Zy� h[fZgdZª�� ih�

\b^bfhfm��_^bgkl\_gguc�ba�khojZgb\rboky�l_jfbgh\�wlh]h�lbiZ

\�jmkkdhyauqghc�ghf_gdeZlmj_�fbg_jZeh\�

=jZgbpu�ijbf_g_gby�l_jfbgZ�©hornblendeª�\�dZq_kl\_�dhjg_-
\h]h�gZa\Zgby�dhgdj_lguo�dZevpb_\uo�Zfnb[heh\��Z�lZd`_�bo�k\yav�k

^jm]bfb�Zfnb[heZfb��[ueb�hij_^_e_gu�b�mlhqg_gu�\�ghf_gdeZlmj_

fbg_jZeh\�]jmiiu�Zfnb[heh\��j_dhf_g^h\Zgghc�FF:�d�bkihevah-
\Zgbx� �Leake�� �������H^gZdh� \� kijZ\hqgbd_� ©Fbg_jZeuª� �������L�
III ��dg�����wlZ�ghf_gdeZlmjZ�ijZdlbq_kdb�g_�ijbgylZ��ohly�kkuedb�gZ
g_z�_klv��Wlh�ijb\_eh�d�agZqbl_evghfm�mkeh`g_gbx�jy^Z�gZa\Zgbc

Zfnb[heh\�\�jhkkbckdbo�im[ebdZpbyo�b�imlZgbp_�\�ghf_gdeZlmj_�

GZijbf_j��\�mihfygmlhf�kijZ\hqgbd_�iylv�©gZa\Zgbcª�k�h[sbf�dh-
ebq_kl\hf ��� keh\� � khhl\_lkl\mxl� � h^ghfm� Zfnb[hem —
©PDJQHVLRKRUQEOHQGHª��ih�/HDNH���������jh]h\Zy�h[fZgdZ� �j�h���Zdlb-
gheblh\Zy��j��h��fZ]g_abZevgZy��j��h��fZ]g_abZevgh�`_e_abklZy�h[ud-
gh\_ggZy��j��h��h[udgh\_ggZy��j��h��lj_fheblh\Zy�

Jmkkdbc�i_j_\h^�IMA97��Ebd�b�^j���������khojZgy_l�l_jfbg
©jh]h\Zy�h[fZgdZª�\�dZq_kl\_�dhjg_\h]h�gZa\Zgby�^ey�dhg_qguo

qe_gh\�bahfhjngh]h�jy^Z��jh]h\Zy�h[fZgdZ�fZ]g_abZevgZy�↔�jh-
]h\Zy� h[fZgdZ� `_e_abklZy�� l_f� kZfuf� \klmiZy� \� ijhlb\hj_qb_

�beb�gZjmr_gb_��k�ijbgylufb�FF:�ijZ\beZfb�h[jZah\Zgby�gZ-
a\Zgbc�Zfnb[heh\�hl�dhjg_\h]h�keh\Z�k�ijb[Z\e_gb_f�khhl\_lkl-
\mxs_c�ijbklZ\db��Ihiuldhc�jZaj_rblv�wlh�ijhlb\hj_qb_�fh`-
gh� jZkp_gblv� ihy\e_gb_� \� J_n_jZlb\ghf�@mjgZe_� �lhf� ©=_heh-
]byª��lZdbo�l_jfbgh\��dZd� ©n_jjhjh]h\Zy�h[fZgdZª�beb� ©n_jjb-
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n_jjhjh]h\Zy�h[fZgdZª��GZ�gZr�\a]ey^�wlh�g_�kZfuc�emqrbc�\Z-
jbZgl�jZaj_r_gby�ijh[e_fu�l_jfbgZ�©jh]h\Zy�h[fZgdZª�

;he__�m^Zqguf�\ZjbZglhf�^ey�kgylby�wlhc�ijh[e_fu�ij_^-
klZ\ey_lky� ©Keh\Zjv�fbg_jZevguo� \b^h\ª�F��Ne_cr_jZ� \�i_j_-
\h^_�k�Zg]ebckdh]h�F��=��=hjkdhc��Ne_cr_j���������A^_kv�l_jfbg

©KRUQEOHQGHª�i_j_\_^zg�gZ�jmkkdbc�yaud�dZd�©]hjg[e_g^blª�b�bk-
ihevah\Zg�lhevdh�\�dZq_kl\_�dhjg_\h]h�gZa\Zgby��Bgufb�keh\Zfb

²�Zfnb[heZ��dZd�fbg_jZevgh]h�\b^Z��k�lZdbf�gZa\Zgb_f�g_�kms_-
kl\m_l��lh�_klv�g_l�imlZgbpu�k�gZa\Zgb_f�]hjghc�ihjh^u�\�i_ljh-
]jZnbb�²�]hjg[e_g^bl���Dhg_qgu_�`_�qe_gu�bahfhjnguo�jy^h\

i_j_\_^_gu�� PDJQHVLRKRUQEOHQGH� ²� fZ]g_abh]hjg[e_g^bl�

Z� ferroKRUQEOHQGH�²�n_jjh]hjg[e_g^bl��Bf_ggh�wlhl�\ZjbZgl�i_-
j_\h^Z�bkihevah\Zg�\�gZklhys_c�jZ[hl_�\�dZq_kl\_�hkgh\gh]h�^ey

h[hagZq_gby� dhg_qguo� qe_gh\� k_jbb� ]hjg[e_g^blZ�� lZd� dZd� hg

gZb[he__� khhl\_lkl\m_l�ijZ\beZf�i_j_\h^Z�gZa\Zgbc�fbg_jZeh\�

ijb_fe_f�^ey�jmkkdh]h�yaudZ��iha\hey_l�hi_jbjh\Zlv�jZaebqgu-
fb�ijbklZ\dZfb�d�dhjg_\hfm�gZa\Zgbx�(kh]eZkgh�ijZ\be�FF:).

H[sZy� nhjfmeZ� ghjfZlb\guo� Zfnb[heh\� k_jbb

]hjg[e_g^blZ� fh`_l� [ulv� ij_^klZ\e_gZ� \� \b^_�� []Ca2(L4M)(Si7Al)-
O22(OH)2��]^_�L = Mg, Fe2+; M = Al, Fe3+.�DZd�\b^gh�ba�nhjfmeu��\
Zfnb[heZo�wlhc�k_jbb�fh]ml�[ulv�j_Zebah\Zgu�^\Z�kh]eZkh\Zgguo

bahfhjnguo�jy^Z�[_a�baf_g_gby�jZkij_^_e_gby�aZjy^h\�ih�ihabpb-
yf�� I_j\uc� ²� ih� dZlbhgZf� lbiZ� L: Mg ↔ Fe2+�� \lhjhc� ²� ih

dZlbhgZf�lbiZ�F��$O�↔ Fe3+��Wlh�hagZqZ_l��qlh�\�k_jbb�]hjg[e_g^blZ

^he`gu�ijbkmlkl\h\Zlv�q_luj_�dhg_qguo�qe_gZ��<�,0$���ijb\h^yl-
ky�lhevdh�^\Z�ba�gbo��fZ]g_abh]hjg[e_g^bl��Mg > Fe2+��b�n_jjh]hjg-
[e_g^bl� �Fe2+ > Mg��� h[Z� oZjZdl_jbamxlky� ij_h[eZ^Zgb_f� $O� gZ^
Fe3+��Ij_h[eZ^Zgb_�)H3+ gZ^�$O��ih�\b^bfhfm��ij_^mkfhlj_gh��gh�g_

jZa\zjgmlh��<�fZljbqghc�fh^_eb� k_jby� ]hjg[e_g^blZ� ^hihegy_lky

_sz� ^\mfy� dhg_qgufb� qe_gZfb� �gZa\Zgby� ^Zgu� \� khhl\_lkl\bb� k

ijZ\beZfb�FF:��

n_jjbn_jjh]hjg[e_g^bl (Fe3+ >�$O�ijb�)H2+ > Mg��b
n_jjbfZ]g_abh]hjg[e_g^bl��Fe3+ >�$O�ijb�0J�> Fe2+).
GZa\Zgb_�i_j\h]h�ba�gbo�him[ebdh\Zgh�jZg__�\�k\yab�k�gh-

\uf�bkke_^h\Zgb_f�©dbj\ZgblZª��Nowaz et al., 1989���<lhjh_�gZ-
a\Zgb_�lZd`_�him[ebdh\Zgh�jZg__ (Gbd_ev��FZg^Zjbgh������)��hgh
\\_^_gh�\�ghf_gdeZlmjm�\�k\yab�k�mlhqg_gb_f�\Zcgr_gdblZ��wein-
schenkite��� Hlf_lbf�� qlh� n_jjbfZ]g_abh]hjg[e_g^bl� y\ey_lky
jZkijhkljZgzgguf�gZ�MjZe_�Zfnb[hehf�

<�lZ[ebp_����ij_^klZ\e_gZ hkgh\ZggZy�gZ�fZljbqghc�fh^_-
eb�ghf_gdeZlmjZ�Zfnb[heh\�k_jbb�]hjg[e_g^blZ�
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<� lZ[ebp_� ���^ey� q_lujzo� dhg_qguo� qe_gh\� k_jbb� ]hjg[-
e_g^blZ�ijb\h^blky�ih�^\Z�obfbq_kdbo�ZgZebaZ�ba�him[ebdh\Zg-
guo�bklhqgbdh\�

LZ[ebpZ����

Ghf_gdeZlmjZ�Zfnb[heh\�k_jbb�]hjg[e_g^blZ

;ZeZgk�/

;ZeZgk�F

Mg > Fe2+ Fe2+ > Mg

Al > Fe3+

FZ]g_abh]hjg[e_g^bl

(magnesiohornblende)
[]Ca2(Mg4Al)(Si7Al)O22-(OH)2

N_jjh]hjg[e_g^bl

(ferrohornblende)
[]Ca2(Fe2+

4Al)(Si7Al)O22-
(OH)2

Fe3+ > Al

N_jjbfZ]g_abh]hjg[e_g^bl

(ferri-magnesiohornblende)
[]Ca2(Mg4Fe3+)(Si7Al)O22-

(OH)2

N_jjbn_jjh]hjg[e_g^bl

(ferri-ferrohornblende)
[]Ca2(Fe2+

4Fe3+)(Si7Al)O22-
(OH)2

LZ[ebpZ���

Obfbq_kdb_�khklZ\u�Zfnb[heh\�k_jbb�]hjg[e_g^blZ

�ih�him[ebdh\Zgguf�^Zgguf)
FZ]g_abh]hjg�

[e_g^bl

N_jjh]hjg�

[e_g^bl

N_jjbfZ]g_abh�

]hjg[e_g^bl

N_jjbn_jjh�

]hjg[e_g^bl

1 2 3 4 5* 6 7 8**

SiO2 44.80 46.52 43.67 43.43 43.83 44.50 45.35 49.54

Al2O3 13.01 10.77 10.95 10.62 9.97 9.31 5.20 4.22

TiO2 0.83 0.98 0.95 0.91 1.43 1.59 - 0.08

Fe2O3 3.04 4.04 7.65 7.97 4.93 5.38 2.46

FeO 11.07 9.65 21.55 20.21 14.37 14.19 29.20
}31.32

MnO 0.28 0.24 0.33 1.25 0.34 0.38 2.60 1.07

MgO 11.26 12.29 0.97 1.33 9.95 9.66 2.28 3.40

CaO 10.45 11.29 8.24 8.28 11.37 10.62 10.97 10.75

Na2O 2.11 1.74 1.42 1.60 1.33 2.06 0.35 0.44

K2O 0.07 0.07 1.55 1.77 0.32 1.04 0.40 0.31

H2O
+ 2.06 2.37 2.88 2.10 2.30 1.20 1.45 -

H2O
- - - - - - - - -

F 0.28 0.02 0.05 0.06 -

Cl
}0.07

-
}0.01 }0.21

- - - -

i�i�i� - - - - - - - -

Σ 99.88 100.42 99.66 99.68 100.28 99.97 100.34 97.59

Ijbf_qZgby:�
²�\�ZgZeba_�i_j\hbklhqgbdZ�ijb\h^blky�lZd`_

P2O5  0.�������

�²�\�ZgZeba_�i_j\hbklhqgbdZ�ijb\h^ylky�lZd`_��Cr2O3

0.03 ���b�1L2��������
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OZjZdl_jbklbdZ�ijh[�

1��Khkkxjbl�jh]h\hh[fZgdh\uc�[eZklhdeZabl��h[j�����������j�g

ihk��IhdZi��Kj��MjZe��©jh]h\Zy�h[fZgdZª��Ydh\e_\Z�b�^j���������ijbe��I—
II ���������

���KeZg_p�ieZ]bhdeZa�jh]h\hh[fZgdh\uc��h[j��������]��DZqdZgZj�

Kj��MjZe��©jh]h\Zy�h[fZgdZª��Ydh\e_\Z�b�^j���������ijbe��I—II ���������

���Kb_gbl�fb]fZlbl�MnZe_ckdh]h�dhfie_dkZ��h[g�� ����\� �����f�

gZ�X�<�hl�Dbabevkdh]h�[jh^Z�q_j_a�j��Mnm��<_jog_mnZe_ckdbc�j�g��Kj�

MjZe��©n_jjh]Zklbg]kblª��;_edh\kdbc�b�^j���������ijbe��,²,,��Zg�����);
4. Cb_gbl�fb]fZlbl�MnZe_ckdh]h�dhfie_dkZ��h[g�� ����\� �����f�

gZ�X�<�hl�Dbabevkdh]h�[jh^Z�q_j_a�j��Mnm��<_jog_mnZe_ckdbc�j�g��Kj�

MjZe��©n_jjh]Zklbg]kblª��;_edh\kdbc�b�^j���������ijbe��,²,,��Zg�����);
��� DjbklZeebq_kdb_� keZgpu�� ijhnbev������� ²� kj_^gyy� qZklv

Bevf_gkdbo� ]hj��X�� MjZe� �©jh]h\Zy� h[fZgdZª�� >hfbgbdh\kdbc�� �����

lZ[e�����Zg������

��� ;m^bgZ� ]jZgZlh\h]h� Zfnb[heblZ� \� ]g_ckZo� <brg_\h]hjkdhc

lhesb�� h[j���B����������Bevf_gkdb_� ]hju��X�� MjZe� �©fZ]g_abZevgZy

jh]h\Zy�h[fZgdZª��;Z`_gh\�b�^j���������

���KdZjgu� Eyg]Zjkdh]h� f_klhjh`^���GmjZlbgkdbc� oj��� Kj��:aby

�©n_jjblj_fheblª��Fykgbdh\��������

8. <gh\v�bkke_^h\Zgguc�©dbj\Zgblª��gZa\Zgb_�������]h^Z��ba�K_\�
BjeZg^bb���©n_jjbn_jjh]hjg[e_g^blª��Nawaz et al., 1989);

DjbklZeehobfbq_kdb_�nhjfmeu�Zfnb[heh\��ZgZebau�dhlh-
juo�ijb\_^_gu�\�lZ[e������ke_^mxsb_��i_j_kqzl�gZ����dZlbhgh\��

FZ]g_abh]hjg[e_g^bl

1. (Na.23K.02).25(Ca1.63Na.37)2.0[(Mg2.44Fe2+
1.35Mn.04)3.83(Al .75Fe3+

.33-
Ti.09)1.17]5.0 (Si6.53Al 1.47)8.0O22(OH1.98F.02)2.0

2. (Na.24K.02).26(Ca1.75Na.25)2.0[(Mg2.66Fe2+
1.18Mn.03)3.87(Al .59Fe3+

.43-
Ti.11)1.13]5.0 (Si6.74Al 1.26)8.0O22(OH1.91F.09)2.0

N_jjh]hjg[e_g^bl

3. K.31(Ca1.39Na.43)1.82[(Fe2+
3.22Mg.20Mn.10)3.52(Al .90Fe3+

.48Ti.10)1.48]5.0-
(Si6.90Al 1.10)8.0O22(OH)2.0

4. K.36(Ca1.40Na.49)1.89[(Fe2+
3.05Mg.30Mn.20)3.55(Al .80Fe3+

.55Ti.10)1.45]5.0-
(Si6.80Al 1.20)8.0O22(OH)2.0

N_jjbfZ]g_abh]hjg[e_g^bl

5. (Na.19K.06).25(Ca1.81Na.19)2.0[(Mg2.18Fe2+
1.78Mn.04)4.0(Fe3+

.55Al .29-
Ti.16)1.00]5.0 (Si6.52Al 1.48)8.0O22(OH)2.0

6. (Na.28K.21).49(Ca1.69Na.31)2.0[(Mg2.14Fe2+
1.77Mn.05)3.96(Fe3+

.61Al .25-
Ti.18)1.04]5.0 (Si6.62Al 1.38)8.0O22(OH)2.0

N_jjbn_jjh]hjg[e_g^bl

7. K.08(Ca1.83Na.11)1.94[(Fe2+
3.06Mg.53Mn.34)3.93(Fe3+

1.03Al .04)1.07]5.0-
(Si7.08Al .92)8.0O22(OH)2.0

8. K.06(Ca1.73Na.13)1.86[(Fe2+
3.21Mg.76Mn.13)4.10(Fe3+

.72Al .17Ti.01).90]5.0-
(Si7.42Al .58)8.0O22(OH)2.0



80

KjZ\gbl_evgZy�oZjZdl_jbklbdZ�\b^h\h]h�khklZ\Z�Zfnb[heh\

K_jbb�Zfnb[heh\ Bevf_gh]hjkdbc�dhfie_dk

L K K_jby ghjfZlb\gu_ ZgZeh]b

Lj_fhebl�

ZdlbgheblZ

Lj_fhebl

N_jjhZdlbghebl

Dmffbg]lhgbl

:glhnbeeblL5

Jbol_jblZ

Jbol_jbl Nlhjhjbol_jbl

NlhjhdZebcjbol_jbl

<bgqblZ N_jjb\bgqbl

L4M Wd_jfZggbl�

Zjn\_^khgblZ

NlhjhfZ]g_abhZjn-
\_^khgbl

Si8

L3M2 =eZmdhnZg�

jb[_dblZ

FZ]g_abhjb[_dbl

L5 W^_gblZ W^_gbl

N_jjhw^_gbl Nlhjhn_jjhw^_gbl

=hjg[e_g^blZ

FZ]g_abh]hjg[e_g-
^bl

N_jjbfZ]g_abh]hjg�

[e_g^blL4M

DZlhnhjblZ N_jjbfZ]g_abhdZlh�

nhjbl

DZebcn_jjbfZ]g_-
abhdZlhnhjbl

;ZjjmZablZ N_jjb[ZjjmZabl

Si7Al

L3M2

Gb[zblZ

L4M
IZj]Zkbl�

]Zklbg]kblZ

IZj]Zkbl

FZ]g_abh]Zklbg]kbl

=Zklbg]kbl

DZebciZj]Zkbl

DZebcn_jjhiZj]Zkbl

DZebcfZ]g_abh]Zk�

lbg]kbl

DZebc]Zklbg]kbl

NlhjhdZebc]Zklbg]-
kbl

Q_jfZdblZ :exfbghq_jfZdbl

N_jjbq_jfZdbl

N_jjbn_jjhq_jfZdbl

@_^jbl

Si6Al2

L3M2

LZjZfblZ N_jjblZjZfbl

N_jjbfZ]g_abhlZjZ-
fbl

DZebcn_jjblZjZfbl

Si5Al3 L3M2 KZ^ZgZ]ZblZ :exfbghfZ]g_abhkZ-
^ZgZ]Zbl

KZ^ZgZ]Zbl

DZebckZ^ZgZ]Zbl
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Bevf_gh]hjkdh]h�dhfie_dkZ��Ob[bgkdh]h�b�Eh\hazjkdh]h�fZkkb\h\

Ob[bgu Eh\ha_jh

ghjfZlb\gu_ ZgZeh]b ghjfZlb\gu_ ZgZeh]b

DZebcjbol_jbl

NlhjhdZebcjbol_jbl

Nlhjhjbol_jbl

Nlhjhn_jjhjbol_jbl

:jn\_^khgbl

FZ]g_abhZjn\_^kh-
gbl

N_jjhwd_jfZggbl

FZ]g_abhZjn\_^-
khgbl

:jn\_^khgbl

DZebcfZ]g_abhZjn-
\_^khgbl

NlhjhfZ]g_abhZjn-
\_^khgbl

NlhjhdZebcfZ]g_-
abhZjn\_^khgbl

Nlhjhw^_gbl

N_jjbfZ]g_abhdZ-
lhnhjbl

N_jjbdZlhnhjbl

Nlhjhn_jjbfZ]g_-
abhdZlhnhjbl

NlhjhdZebcn_jjbfZ-
]g_abhdZlhnhjbl

N_jjbfZ]g_abhdZ-
lhnhjbl

N_jjb[ZjjmZabl

N_jjbn_jjhgb[zbl N_jjbgb[zbl DZebcn_jjbgb[zbl

=Zklbg]kbl D_jkmlbl

N_jjbfZ]g_abhlZ-
jZfbl
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Ijb�jZkqzl_�g_dhlhjuo�ZgZebah\�kmffZjguc�dZlbhgguc�aZjy^

ijb\_^zg�d�����beb�[ebadhf�d�g_fm��[ZeZgkbjh\dhc�Fe2+ ↔ Fe3+).

LZdbf�h[jZahf�

— ba�ghf_gdeZlmju�fbg_jZeh\�]jmiiu�Zfnb[heh\�\�fZljbq-
ghc�fh^_eb�bkdexqzg�l_jfbg�©jh]h\Zy�h[fZgdZª�b�aZf_gzg

gZ�©]hjg[e_g^blª�k�bkihevah\Zgb_f�_]h�lhevdh�\�dZq_kl\_

dhjg_\h]h�gZa\Zgby�^ey�k_jbb�]hjg[e_g^blZ�

— \�fZljbqghc�fh^_eb�k_jby�]hjg[e_g^blZ�^hiheg_gZ�^\mfy
dhg_qgufb� qe_gZfb�� hljZ`Zxsbfb� \ZjbZpbx� dZlbhgh\

lbiZ�F� \�ihabpbb�K��n_jjbn_jjh]hjg[e_g^blhf�b�n_j-
jbfZ]g_abh]hjg[e_g^blhf.

4.3��KjZ\gbl_evgZy�oZjZdl_jbklbdZ�\b^h\h]h�khklZ\Z
Zfnb[heh\�Bevf_gh]hjkdh]h�dhfie_dkZ��Ob[bgkdh]h�b

Eh\hazjkdh]h�fZkkb\h\

<� ]eZ\_� ��ihdZaZgh��dZd�ijh\h^beky�ghf_gdeZlmjguc� ZgZ-
eba�Zfnb[heh\�Bevf_gh]hjkdh]h�dhfie_dkZ��Lhqgh�lZd�`_ ^hklZ-
lhqgh� hi_jZlb\gh� fh`gh� kbkl_fZlbabjh\Zlv� Zfnb[heu� ex[h]h

^jm]h]h�dhfie_dkZ�beb�fZkkb\Z��Ihemq_ggu_�lZdbf�h[jZahf�^Zg-
gu_�fh]ml�[ulv�ij_^klZ\e_gu�\�dhfiZdlghc�b�gZ]ey^ghc�lZ[ebq-
ghc�nhjf_��^ey�ex[h]h�dhebq_kl\Z�fZkkb\h\��b� wlb�fZkkb\u� kh-
\k_f�g_h[yaZl_evgh�^he`gu�[ulv�h^gh]h� lbiZ�� Z�fh]ml�[ulv� kZ-
fufb�jZaghjh^gufb�

GZ�hkgh\_�^Zgguo��ijb\_^zgguo�\�^\mo�k\h^guo�fhgh]jZ-
nbyo� �Fbg_jZeh]by�Ob[bgkdh]h�fZkkb\Z�� ������K_fzgh\�� ������

ijh\_^zg�ghf_gdeZlmjguc� ZgZeba� Zfnb[heh\�Ob[bgkdh]h�b�Eh-
\hazjkdh]h� fZkkb\h\� �Dhevkdbc� i�h\��� Wlb� fhgh]jZnbb� ba^Zgu

[he__����lb�e_l�gZaZ^�b�aZ�ijhr_^r__�\j_fy��gZ\_jgh_��gZdhibeky

[hevrbc�h[tzf�k\_^_gbc�ih�Zfnb[heZf�ba�wlbo�fZkkb\h\��L_f�g_

f_g__�� wlh]h� ^hklZlhqgh� ^ey� lh]h�� qlh[u� ihdZaZlv�� dZd� fh`gh

ijh\_klb�kjZ\g_gb_�jZaguo�h[t_dlh\��J_amevlZl�ghf_gdeZlmjgh]h

ZgZebaZ�Zfnb[heh\�mihfygmluo�fZkkb\h\��\�kjZ\g_gbb�k�bevf_g-
kdbfb��ij_^klZ\e_g�\�lZ[e�� ����KljmdlmjZ�lZ[ebpu�\�k\_l_�ij_^-
klZ\e_gbc�fZljbqghc�fh^_eb�ghf_gdeZlmju�Zfnb[heh\�ijhklZ�b

ihgylgZ��BgnhjfZpbhggmx� gZ]jmadm� lZdhc� lZ[ebpu�fh`gh� m\_-
ebqblv��gZijbf_j��rjbnlhf�\u^_eblv�ihjh^hh[jZamxsb_�Zfnb-
[heu�� beb� Zfnb[heu�� oZjZdl_jgu_� ^ey� dZdbo�lh� lbih\� ihjh^� b

l��^���lh]^Z�kjZ\gbl_evgZy�oZjZdl_jbklbdZ�[m^_l�[he__�^_lZevghc�
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AZdexq_gb_

Ih�Zfnb[heZf�Bevf_gh]hjkdh]h�dhfie_dkZ�ijh\_^_gZ�j_-
\baby�^Zgguo��gZdhie_gguo�\�l_q_gb_�ihke_^gbo�iylb^_kylb�e_l�

<�hkgh\m�lZdhc�j_\babb�iheh`_gZ�jZajZ[hlZggZy�Z\lhjZfb�deZk-
kbnbdZpbhggZy�ko_fZ�fbg_jZeh\�]jmiiu�Zfnb[heh\ — ©FZljbq-
gZy�fh^_evª��<�j_amevlZl_�mklZgh\e_gh�

— \�him[ebdh\Zgghc�ih�Bevf_gh]hjkdhfm�dhfie_dkm�eb-
l_jZlmj_�d�Zfnb[heZf�aZ�bklhjbx�bo�bamq_gby�ijbf_g_gh����gZ-
a\Zgbc�

— ghf_gdeZlmjguc� ZgZeba� ihdZaZe�� qlh� kh\j_f_gghc� gh-
f_gdeZlmj_� khhl\_lkl\mxl� lhevdh� ��� gZa\Zgbc�� hklZevgu_� y\ey-
xlky�eb[h�baebrgbfb� �l_jfbgu�h[s_]h�ihevah\Zgby��^bkdj_^b-
lbjh\Zggu_�b�ij����eb[h��k�ihabpbc�^_ckl\mxs_c�ghf_gdeZlmju�

ijbf_g_gu�g_\_jgh�

— ^hihegbl_evgh� \uy\e_gh� _sz� ��� Zfnb[heh\�� [hevrZy
qZklv�ba�dhlhjuo�[ueZ�hibkZgZ�jZg__��gh�bgl_jij_lZpby�bo�\�Z\-
lhjkdbo� jZ[hlZo� g_� khhl\_lkl\m_l� kh\j_f_gghc� ghf_gdeZlmj_;
ijbqzf�h^bg�ba�gbo��kZ^ZgZ]Zbl��hibkZg�jZgvr_��q_f�hldjuluc�\

Yihgbb�b�ml\_j`^_gguc�FF:� \� dZq_kl\_�gh\h]h�fbg_jZevgh]h

\b^Z�

<� gZklhys__� \j_fy� ^ey� Bevf_gh]hjkdh]h� dhfie_dkZ� ba-
\_klgh� ���fbg_jZeh\�]jmiiu�Zfnb[heh\��\u^_e_gguo�\�khhl\_l-
kl\bb�k�kh\j_f_gghc�ghf_gdeZlmjhc�

<�p_ehf� him[ebdh\Zggu_� ^Zggu_�ih� khklZ\Zf� Zfnb[heh\

Bevf_gh]hjkdh]h� dhfie_dkZ� oZjZdl_jbamxlky� ke_^mxsbfb� hkh-
[_gghklyfb�

— agZqbl_evgZy� qZklv� ZgZebah\� \uiheg_gZ� klZg^Zjlgufb
kbebdZlgufb�f_lh^bdZfb�

— ^ey�fgh]bo�ZgZebah\�g_�ijb\_^_gZ�lhqgZy�ijb\yadZ�f_k-
lZ�hl[hjZ�ijh[���l��_��g_l�\hafh`ghklb�ih\lhjgh]h�hl[hjZ�ijh[�b

ijh\_^_gby�[he__�^_lZevguo�bkke_^h\Zgbc�bgl_j_kguo�\�lhf�beb

bghf�hlghr_gbb�Zfnb[heh\�

— ^ey�qZklb�ZgZebah\��\uiheg_gguo�fbdjhahg^h\ufb�f_-
lh^Zfb�� g_� ijb\h^blky� oZjZdl_jbklbdZ� klZg^Zjlh\� �wlZehgh\��� \

k\yab� k� wlbf� hlkmlkl\m_l� \hafh`ghklv� hp_gdb� dhjj_dlghklb� hi-
j_^_e_gby�l_o�beb�bguo�dhfihg_glh\�

— j_adh�jZaebqZ_lky�bamq_gghklv�Zfnb[heh\�ba�jZaebqguo
lbih\�ihjh^� ±�^ey�g_dhlhjuo�ihjh^�dhebq_kl\h� ZgZebah\� Zfnb-
[heh\�ij_^klZ\bl_evgh��^ey�^jm]bo�ZgZebau�_^bgbqgu�beb�\hh[-
s_�hlkmlkl\mxl�

— \h�fgh]bo�i_j\hbklhqgbdZo�ih^qzjdb\Z_lky��qlh�ijh[u
^ey� bamq_gby� Zfnb[heh\� hl[bjZebkv� ba� ihjh^� k� fbgbfZevguf
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jZa\blb_f�gZeh`_gguo�ijhp_kkh\��ihjh^u�`_�k�bgl_gkb\gh�ijh-
y\e_ggufb� gZeh`_ggufb� ijhp_kkZfb�� k� khkms_kl\mxsbfb� jZa-
gufb�Zfnb[heZfb��k�ahgZevgufb�Zfnb[heZfb�hdZaZebkv�bamq_g-
gufb� agZqbl_evgh� keZ[__�� \� j_amevlZl_� \hijhku� w\hexpbb� dhf-
ie_dkZ�k�bkihevah\Zgb_f�Zfnb[heh\�hk\_s_gu�njZ]f_glZjgh�

<�j_amevlZl_�ZgZebaZ�^Zgguo�ih�Zfnb[heZf�gZf_q_gu�ke_-
^mxsb_� l_g^_gpbb�jZkij_^_e_gby�b� w\hexpbb� Zfnb[heh\� \�ih-
jh^Zo�Bevf_gh]hjkdh]h�dhfie_dkZ:

— :fnb[heu�k_jbb�q_jfZdblZ�ij_^klZ\eyxl�gZb[he__�\u-
khdhl_fi_jZlmjgu_��]jZgmeblh\u_��h[jZah\Zgby�\�dhfie_dk_�

— :fnb[heu�k_jbb�]hjg[e_g^blZ�h[jZah\Zgu�\�j_amevlZl_
j_]j_kkb\guo��fb]fZlbaZpby��[eZklhfbehgblbaZpby�b�^j���b�ijh-
]j_kkb\guo�f_lZfhjnbq_kdbo�ijhp_kkh\�\�mkeh\byo�Zfnb[heblh-
\hc�b�wib^hl�Zfnb[heblh\hc�nZpbc�

— :fnb[heu� k_jbb� lZjZfblZ� y\eyxlky� lbihfhjngufb
^ey�fbZkdblh\�

— :fnb[heu� k_jbc�iZj]ZkblZ�]Zklbg]kblZ�� kZ^ZgZ]ZblZ�b
qZklb�jbol_jblZ�oZjZdl_jgu�^ey�ihjh^� �n_gblu��kb_gblu�b�^j���

ij_h[jZah\Zgguo� \� j_amevlZl_� gZeh`_gguo� f_lZkhfZlbq_kdbo

ijhp_kkh\��ieZ]bh��b�dZeb_\Zy�]jZgblbaZpby��n_gblbaZpby��kdZih-
eblbaZpby�b�ij���

— :fnb[heu�k_jbc�lj_fheblZ��qZklb�jbol_jblZ��\bgqblZ�
dZlhnhjblZ�� [ZjjmZablZ� b� ]eZmdhnZgZ�jb[_dblZ� ij_^klZ\eyxl

gZb[he__�iha^gb_�gbadhl_fi_jZlmjgu_�h[jZah\Zgby��oZjZdl_jgu_

^ey�i_]fZlblh\�b�`be�Zevibckdh]h�lbiZ�

Ijh\_^_gh�kjZ\g_gb_�\b^h\h]h�khklZ\Z�Zfnb[heh\�Bevf_-
gh]hjkdh]h� dhfie_dkZ� k�Ob[bgkdbf� b�Eh\hazjkdbf�s_ehqgufb

fZkkb\Zfb��Ghf_gdeZlmjguc�ZgZeba�Zfnb[heh\�Ob[bg�b�Eh\ha_-
jZ� ijh\_^zg� gZ� kms_kl\_ggh� f_gvr_f� fZkkb\_� ^Zgguo� b� ghkbl

bkdexqbl_evgh� ij_^\Zjbl_evguc� oZjZdl_j�� l_f� g_�f_g__� hkgh\-
gu_�q_jlu�jZaebqby�fh`gh�hlf_lblv�

:fnb[heu�Ob[bg�b�Eh\ha_jZ�\�hkgh\ghf�hlghkylky�d�gba-
dh]ebghazfbkluf�k_jbyf��K_jbb�k�ihabpb_c�L�\b^Z�6L5Al 3�b�6L6Al 2

g_� hlf_q_gu�� <� Bevf_gh]hjkdhf� dhfie_dk_� Zfnb[heu� bf_ggh

wlbo��\ukhdh]ebghazfbkluo��k_jbc�oZjZdl_jgu�^ey�fbZkdblh\�

GZljb_\u_� Zfnb[heu� �k_jbb� wd_jfZggbl�Zjn\_^khgblZ�

gb[zblZ�� ]eZmdhnZg�jb[_dblZ�� \�Bevf_gh]hjkdhf� dhfie_dk_� y\-
eyxlky�j_^dbfb��l� d��hgb�\klj_qZxlky�\�g_[hevrbo�dhebq_kl\Zo
\�fZehfhsguo�ijh`bedZo��oZjZdl_jbamxsbo�kZfu_�iha^gb_�klZ-
^bb�klZgh\e_gby�dhfie_dkZ��:fnb[heu�k_jbb�gb[zblZ�g_�hlf_q_-
gu�\hh[s_��<�fZkkb\Zo�`_�Ob[bg�b�Eh\ha_jZ�Zfnb[heu�wlbo�k_-
jbc�ij_^klZ\e_gu�rbjhdh��g_dhlhju_�ba�gbo�y\eyxlky�ihjh^hh[-
jZamxsbfb��Zjn\_^khgbl���Ijbkmlkl\mxl�\�wlbo�fZkkb\Zo�Zfnb-
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[heu�k_jbb�gb[zblZ�— \�gZklhys_c�jZ[hl_�\i_j\u_�hlf_qZxl-
ky ^ey�Jhkkbb��Fh`gh�hlf_lblv��qlh�gb[zbl�\�Eh\ha_j_�fh]�[ulv
hldjul�gZfgh]h�jZgvr_��q_f��ml\_j`^zgguc�FF:�

Hp_gblv�kms_kl\mxsb_�ij_^klZ\e_gby�b�fh^_eb�jZa\blby

Bevf_gh]hjkdh]h� dhfie_dkZ� \hafh`gh� ijb� ^_lZevghf� bamq_gbb

Zfnb[heh\� kh\j_f_ggufb� f_lh^Zfb�� hkh[_ggh� baf_gzgguo� Zf-
nb[heh\��ahgZevguo�b�l��i��Lhevdh�lh]^Z�fh`gh�ihemqblv�oZjZd-
l_jbklbdb�gZijZ\e_gghklb�ijhp_kkh\�b�[he__�dhjj_dlgh�ij_^klZ-
\blv�w\hexpbx�dhfie_dkZ�
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Ebl_jZlmjZ

1. ;Z`_gh\�:��=���>hfbgbdh\kdbc�=��=��Dmffbg]lhgbl�ba�Bevf_gkdbo

]hj� ��� Fbg_jZeu� jm^guo� f_klhjh`^_gbc� b� i_]fZlblh\� MjZeZ�

K\_j^eh\kd��MN:G� KKKJ�� ������ <ui�� ���� K�� ��²��� �dmffbg]lh-
gbl��

2.  ;Z`_gh\�:��=���B\Zgh\�;��G��Jbol_jbl�b�neh]hibl�ba�n_gblh\�Bev-
f_gh]hjkdh]h� dhfie_dkZ�� ���Ijh[e_fu� fbg_jZeh]bb�MjZeZ��K\_j^-
eh\kd��MGP�:G�KKKJ��������<ui������K�����²�����jbol_jbl��

3. ;Z`_gh\�:��=���B\Zgh\�;��G���Ihklh_\�D��B��:ghjlblh\u_�Zfnb[heb-
lu�Bevf_gh]hjkdh]h�dhfie_dkZ� ���FZ]fZlbaf�b�f_lZfhjnbaf�mevl-
jZhkgh\guo�b�s_ehqguo�ihjh^�MjZeZ��K\_j^eh\kd��MGP�:G�KKKJ�

������ K�� ���²���� �h[f�� jh]�� iZj]Zkblh\Zy�� h[f�� jh]�� w^_�

gblh\Zy��

4. ;Z`_gh\�:��=���B\Zgh\�;��G���Dhr_\hc�X��G���Ml_gdh\�<��:��Ihke_-
fbZkdblh\u_� Zfnb[hekh^_j`Zsb_� ]jZgblgu_� i_]fZlblu� k_\_jghc

qZklb�Bevf_gkdbo�]hj� ���Fbg_jZeh]by�b�i_ljh]jZnby�X`gh]h�MjZ-
eZ�� K\_j^eh\kd�� MGP� :G� KKKJ�� ������ K�� ��²��� �n_jjbn_jjh]Z-
klbg]kbl��

5. ;Z`_gh\�:��=���B\Zgh\�;��G���Dml_ih\Z�E��:��Jh]h\u_� h[fZgdb� ba

Zfnb[heblh\�bevf_gh]hjkdh]h�dhfie_dkZ� ���:fnb[heu�f_lZfhjnb-
q_kdbo� dhfie_dkh\� MjZeZ�� K\_j^eh\kd�� MGP� :G� KKKJ�� �����

K����²����jh]. h[f��n_jjhq_jfZdblh\Zy��jh]��h[f��q_jfZdblh\Zy��
6. ;Z`_gh\�:��=���B\Zgh\�;��G��N_jjh]Zklbg]kbl�ba�]jZgblguo�i_]fZ-

lblh\�Bevf_gkdbo�]hj����LZf�`_��K����²����n_jjh]Zklbg]kbl��

7. ;Z`_gh\�:��=���Dml_ih\Z�E��:���S_j[Zdh\Z�?��I��D�kbkl_fZlbd_�Zf-
nb[heh\�bevf_gh]hjkdh]h�dhfie_dkZ� ���Fbg_jZeh]bq_kdb_�bkke_^h-
\Zgby� wg^h]_gguo� f_klhjh`^_gbc� MjZeZ�� K\_j^eh\kd�� MGP� :G

KKKJ�� ������ K�� ��²��� �]Zklbg]kbl�� [ZjjmZabl�� djhdb^hebl�� dmf-
fbg]lhgbl�� fZ]g_abh]Zklbg]kbl�� fZ]g_abhjb[_dbl�� fZ]g_abhn_jjb-
dZlZnhjbl��jbol_jbl��jh]. h[f��n_jjhw^_gblh\Zy��jh]��h[f��iZj]Zkb-
lh\Zy��jh]��h[f��q_jfZdblh\Zy��jh]��h[f��n_jjhw^_gblh\Zy��jh]��h[f�

n_jjhq_jfZdblh\Zy�� n_jjb[ZjmZabl�� n_jjblZjZfbl�� n_jjhiZj]Zkbl�

w^_gbl��

8. ;Z`_gh\�:��=��GZljb_\h�dZevpb_\u_�Zfnb[heu�s_ehqgh]h�dhfie_d-
kZ� Bevf_gkdbo� ]hj� ��� Gh\u_� b� fZehbamq_ggu_� fbg_jZeu� b� fbg_-
jZevgu_� ZkkhpbZpbb�MjZeZ��Bgnhjf��fZl_j��K\_j^eh\kd��MGP�:G

KKKJ��������K����²����n_jjhn_jjblZjZfbl��

9. ;Z`_gh\�:��=���;Z`_gh\Z�E��N���Iheydh\�<��H��KZ^ZgZ]Zbl�ba�s_ehq-
gh]h� dhfie_dkZ� Bevf_gkdbo� ]hj� ��� AZi�� <FH�� ������ Q�� ����

<ui�����K����²����kZ^ZgZ]Zbl��

10. ;Z`_gh\�:��=��LZjZfbl�ba�`bevgh]h�fbZkdblZ�Bevf_gkdh]h�fbZkdb-
lh\h]h�fZkkb\Z����FZl_jbZeu�d�fbg_jZeh]bb�jm^guo�jZchgh\�MjZeZ�

K\_j^eh\kd��MGP�:G�KKKJ��������K����²����lZjZfbl��

11. ;Z`_gh\�:��=��G_^hk_dh\Z�B��E��NlhjZfnb[heu� \�s_ehqghf� dhf-
ie_dk_� Bevf_gkdbo�<brg_\uo� ]hj� ��� J_]bhgZevgZy� fbg_jZeh]by

MjZeZ�� L_a. ^hde�� II � j_]bhg�� kh\_s�� ©Fbg_jZeh]by� MjZeZª�� L�� I.
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K\_j^eh\kd�� MjH� :G� KKKJ�� ������ K�� ��²���� �nlhjfZ]g_abh�

Zjn\_^khgbl��nlhjjbol_jbl��

12. ;Z`_gh\� :�� =�� H� [h]Zluo� nlhjhf� jh]h\uo� h[fZgdZo� kbebdZlgh�

dZj[hgZlguo�ihjh^�s_ehqgh]h�dhfie_dkZ�Bevf_gkdbo�]hj� ���Fbg_-
jZeu� b� fbg_jZevgh_� kujv_� MjZeZ�� K\_j^eh\kd�� MjH� J:G�� �����

K�� ��²��� �h[f�� jh]. dZeb_\Zy� nlhjfZ]g_abh]Zklbg]kblh\Zy�� h[f�
jh]��nlhjn_jjbw^_gblh\Zy��

13. ;Z`_gh\� :�� =�� H� gZoh^d_� nlhjfZ]g_abhZjn\_^khgblZ� \� n_gblZo

Bevf_gh]hjkdh]h�s_ehqgh]h�dhfie_dkZ�b�h�ijh[e_f_�Zjn\_^khgblZ�

]eZmdhnZgZ�� jb[_dblZ� \� s_ehqghf� dhfie_dk_� Bevf_gkdbo�

<brg_\uo�]hj� ���Fbg_jZeu�b�fbg_jZevgh_�kujv_�MjZeZ��?dZl_jbg-
[mj]��MjH�J:G��������K����²����nlhjfZ]g_abhZjn\_^khgbl��

14. ;Z`_gh\� :�� =��� G_^hk_dh\Z� B�� E��� I_l_jk_g� W�� M�� Nlhjjbol_jbl

Na2Ca(Mg,Fe2+)5[Si8O22](F,OH)2²gh\uc� fbg_jZe� \� ]jmii_� Zfnb[h-
eh\����AZi��<FH��������Q�������� 3. K����²������nlhjjbol_jbl��

15. ;Z`_gh\�:�� =��Gh\u_� Zfnb[heu�� h[gZjm`_ggu_� \�s_ehqghf� dhf-
ie_dk_�Bevf_gkdbo�]hj�ihke_������]h^Z����Fbg_jZeh]by�MjZeZ��L� I.
GZmqg��ba^���FZl_j�� III- ]h� j_]bhgZevg��Kh\_s��FbZkk��BFBG�MjH
J:G�� ������K�� ��²��� �gZljhkZ^ZgZ]Zbl�� n_jjbZgZeh]� kZ^ZgZ]ZblZ�

dZebclZjZfbl��nlhjjbol_jbl��nlhjfZ]g_abhZjn\_^khgbl��h[f��nlhj-
jh]h\Zy��nlhj]hjg[e_g^bl��

16. ;Z`_gh\�:��=���;Z`_gh\Z�E��N���Djbgh\Z�L��<���O\hjh\�I��<��DZebc-
n_jjbkZ^ZgZ]Zbl� � �K,Na)Ca2(Fe2+,Mg)3(Fe3+,Al)2[Si5Al 3O22](OH)2—
gh\uc� fbg_jZevguc� \b^� \� ]jmii_� Zfnb[heh\� �Bevf_gkdb_� ]hju�

MjZe�� ���AZi��<FH�� ������Q� ������� ���K�� ��²��� �dZebcn_jjbkZ^Z�

gZ]Zbl��

17. ;Z`_gh\�:��=���Fbjhgh\�:��;���O\hjh\�I��<���Qmjbg�?��B��N_jjhZdlb-
ghebl�ba�s_ehqgh]h�dhfie_dkZ�Bevf_gkdbo�]hj����MjZevkdbc�]_heh-
]bq_kdbc�`mjgZe��?dZl_jbg[mj]�����������������K����²���

18. ;_edh\kdbc�:��B���Ebl\bg�:��E���HklZi_gdh�K��K���I_ljmgbgZ�:��:�

AZdhghf_jghklb� baf_g_gby� khklZ\Z� b� kljmdlmju� n_jjh]Zklbg]kblZ

ba�kb_gbl�fb]fZlblh\�b�s_ehqguo�kb_gblh\�MnZe_ckdh]h�dhfie_d-
kZ� //�:fnb[heu� f_lZfhjnbq_kdbo� dhfie_dkh\�MjZeZ��K\_j^eh\kd�
MGP�:G�KKKJ��������K����²���

19. ;_eygdbg�>��K. Hq_jdb�bklhjbb�Bevf_gkdbo�]hj� ���Ba\��KI[�Iheb-
l_og��bg�lZ��������<ui������K�����²�����h[f��jh]. fbZkdblh\Zy��h[f�
jh]���a_e_gh\Zlh�[mjZy��

20. ;hdbc�=��;��DjbklZeehobfby��F���ba^��F=M������������k�

21. >hfbgbdh\kdbc�=��=� I_ljh]jZnby�djbklZeebq_kdbo�keZgp_\�kj_^g_c
qZklb�Bevf_gkdbo�]hj����K[��Bevf_gkdbc�dhfie_dk�fZ]fZlbq_kdbo�b

f_lZfhjnbq_kdbo�ihjh^��L��,��F_lZfhjnbq_kdb_�lhesb��K\_j^eh\kd�

MN:G�KKKJ��������<ui�����K�����²�����h[f��jh]h\Zy��

22. AZ\Zjbpdbc�:��G��=_heh]bq_kdbc�b�i_ljh]jZnbq_kdbc�hq_jd�Bevf_g-
kdh]h� fbg_jZeh]bq_kdh]h� aZih\_^gbdZ� b� _]h� dhi_c��F�� Ba^�� =eZ\�

Mij��ih�aZih\_^gbdZf��������<ui���������������k���Zfnb[heu��]eZm-
dhnZgu��h[f��jh].  ]Zklbg]kblh\Zy��h[f��jh]��s_ehqgZy��
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23. Aheh_\�D��D� :k[_kl����<�dg��=_heh]by�KKKJ��L�XII ��F���Ba^��©G_^jZª�

������K�������djhdb^hebl�Zk[_kl��

24. B\Zgh\�;��G���;Z`_gh\�:��=���Dml_ih\Z�E��:���Dhr_\hc�X��G��:fnb-
[he�b�ibjhdk_gkh^_j`Zsb_�n_gblu�b�kb_gblu�p_gljZevghc�s_ehq-
ghc�ihehku�\�k_\_jghc�qZklb�Bevf_gkdbo�]hj� ���I_ljh]jZnby�mevl-
jZhkgh\guo�b�s_ehqguo�ihjh^�MjZeZ��K\_j^eh\kd��MGP�:G�KKKJ�

������K����²����h[f��jh]���h[f��jh]. ]Zklbg]kblh\Zy��
25. B\Zgh\�;��G���;Z`_gh\�:��=���Dhr_\hc�X��G��I_ljh]jZnby�b�i_ljh-

obfby�]jZgblguo�i_]fZlblh\�Bevf_gkdh]h�s_ehqgh]h�dhfie_dkZ� ��

S_ehqgu_� ihjh^u� b� ]jZgblhb^u�X`gh]h� MjZeZ�� Lj�� B=A�� <ui�

XXIV �� K\_j^eh\kd�� MGP� :G� KKKJ�� ������ K�� ��²��� �]Zklbg]kbl�

h[f��jh]h\Zy��

26. Dh[yr_\�X��K���Iheydh\�<��H��Fbg_jZeu�Bevf_gkdbo� ]hj�� ����� ]�

?dZl_jbg[mj]�� B=A� MjH� J:G�� ������ ��� k�� �fZ]g_abhZglhnbeebl�

fZ]g_abh`_^jbl�� fZ]g_abhZjn\_^khgbl�� fZ]g_abh]hjg[e_g^bl�� lj_-
fhebl� ojhfh\uc�� n_jjh]hjg[e_g^bl�� nlhjn_jjh]hjg[e_g^bl�� q_j-
fZdbl��

27. Dhjbg_\kdbc�<��=� I_j\Zy�gZoh^dZ�`_^jblh\uo�ihjh^�\�Bevf_gkdbo
]hjZo����FZ]fZlbaf��f_lZfhjnbaf�b�]em[bggh_�kljh_gb_�MjZeZ��L_a.
^hde�� VI MjZevkd�� i_ljh]jZnbq�� kh\_s�� ?dZl_jbg[mj]�� MjH� J:G�
������Q�����K�����²�����`_^jbl��

28. Dhjbg_\kdbc� <�� =��� Dhjbg_\kdbc� ?�� <�� ;ehdb� qm`_jh^guo� ihjh^� \
Bevf_gkdhf� f_lZfhjnbq_kdhf� dhfie_dk_� ��� LZf� `_�� K�� ���²���

�`_^jbl��iZj]Zkbl��

29. Dhjbg_\kdbc�<��=� IZj]Zkbl�ba�Bevf_gkdbo�]hj� ���MjZevkdbc�fbg_-
jZeh]bq_kdbc�k[hjgbd������FbZkk��MjH�J:G��������K����²����iZj-
]Zkbl��

30. Dhjbg_\kdbc�<��=���<Zeba_j�G��B���Dhjbg_\kdbc�?��<��I_j\u_�gZoh^db

q_jfZdblh\�\�f_lZfhjnblZo�Bevf_g����Fbg_jZeh]by�MjZeZ��L��I��FZ-
l_j��III- ]h�j_]bhg��kh\_s��FbZkk��BFbg�MjH�J:G��������K�����²���

�q_jfZdbl��

31. DjZkgh[Z_\�:��:���E_gguo�<��B���@^Zgh\Z�K��G���Oheh^gh\�<��<��J_-
ebdlu� ]jZgmeblh\h\]h� f_lZfhjnbafZ� \� ihjh^Zo� Bevf_gh]hjkdh]h

dhfie_dkZ� �X`guc�MjZe�� //�>hde��:G�KKKJ��������L������������K�

1193—1196.
32. Dml_ih\Z�E��:���B\Zgh\�;��G���;Z`_gh\�:��=��Hihjguc�jZaj_a�q_j_a

Bevf_gh]hjkdbc�dhfie_dk� �kj_^gyy�qZklv�Bevf_gkdbo� ]hj���K\_j^-
eh\kd��MGP�:G�KKKJ�����������k�

33. E_\Zgh\�:��:��Fbg_jZeh]by�]jZgblguo�i_]fZlblh\�KZ\_evdmevkdh]h
`bevgh]h�ihey�Bevf_gkdbo� ]hj� ���Fbg_jZeu�b�fbg_jZevgh_� kujv_

MjZeZ��?dZl_jbg[mj]��MjH�J:G��������K���²����h[f��jh]. Zdlbgheb-
lh\Zy��

34. E_\bg�<��Y��S_ehqgZy�ijh\bgpby�Bevf_gkdbo�<brg_\uo�]hj� �nhj-
fZpby�g_n_ebgh\uo� kb_gblh\�MjZeZ���F���GZmdZ�� ������223 k�� �]Zk-
lbg]kbl�� dZlZnhjbl�� fZ]g_abh]Zklbg]kbl�� fZ]g_abhdZlZnhjbl�� h[f�

jh]. h[udgh\_ggZy��
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35. E_\bg�<��Y���;Z`_gh\�:��=��Nbjkblu�ba�Bevf_gh]hjkdh]h�s_ehqgh]h

fZkkb\Z� ���S_ehqgu_��hkgh\gu_�b�mevljZhkgh\gu_�dhfie_dku�MjZ-
eZ��Lj��B=A��<ui� XV ��K\_j^eh\kd��MGP�:G�KKKJ��������K����²��

�]Zklbg]kbl��

36. Ebd� ;�� ?�� b� ^j�—kf���� ��� Ghf_gdeZlmjZ� Zfnb[heh\«� ��� A<FH�

�����������K����²����

37. FZdZjhqdbg� ;�� :���FZdZjhqdbgZ�F�� K�� DeZkkbnbdZpby� fbg_jZeh\

Bevf_gkdh]h�]hkm^Zjkl\_ggh]h�aZih\_^gbdZ����DjZ_\_^q_kdb_�aZibk-
db��Q_ey[bgkd��Dg��ba^���������<ui�����K�����²�����djhdb^hebl��

38. FZeZoh\�<��F��MdZaZl_ev�f_klhjh`^_gbc�fbg_jZeh\��\klj_qZxsboky

\�]hjghaZ\h^kdbo�hdjm]Zo�oj_[lZ�MjZevkdh]h��FbZkkdbc�aZ\h^�������

L��III ��K����²����lj_fhebl��

39. F_g]_�B��G��Fbg_jZeh]bq_kdb_�gZ[ex^_gby�k^_eZggu_�B��G��F_g]_�

^_ckl\bl_evguf�qe_ghf��\h�\j_fy�iml_r_kl\by�ih�MjZevkdbf�]hjZf

��� Lj�� fbg_j�� h[s��� ������ Q�� ��� K�� ���²���� �jmkkdbc� i_j_\h^

:��D��Lj_g[_j]Z���h[f��jh]���

40. Fbg_jZeh]by� Ob[bgkdh]h� fZkkb\Z� �� ?�� ?�� Dhklue_\Z�EZ[mgph\Z�
;��?��;hjmpdbc��F��G��Khdheh\Z�b�^j��F���GZmdZ�� ������L�� ��� ����k��

L���������k�

41. Fykgbdh\� <�� K��Fbg_jZeu� kdZjgh\� Eyg]Zjkdh]h� f_klhjh`^_gby� \

Kj_^g_c�:abb��Ba^��:G�KKKJ�����������k�

42. GbdZg^jh\�K��G���<Zeba_j�I��F���Dh[yr_\�X��K��FZljbqgZy�fh^_ev

ghf_gdeZlmju�Zfnb[heh\� ���Ba\��Q_ey[��gZmq��p_gljZ��������<ui����

K����²���

43. Gbd_ev�W���FZg^Zjbgh�>.�Ihjy^hd�jZkkfhlj_gby�fZl_jbZeh\��ij_^-
klZ\e_gguo�\�Dhfbkkbx�ih�gh\uf�fbg_jZeZf�b�gZa\Zgbyf�fbg_jZ-
eh\�ijb�F_`^mgZjh^ghc�Fbg_jZeh]bq_kdhc�:kkhpbZpbb��b�g_dhlh-
ju_�\hijhku�fbg_jZeh]bq_kdhc�ghf_gdeZlmju�//�Fbg_j. ̀ mjg�������

�����K����²����

44. Ghf_gdeZlmjZ� Zfnb[heh\�� ^hdeZ^� ih^dhfbl_lZ� ih� Zfnb[heZf� dh-
fbkkbb�ih�gh\uf�fbg_jZeZf�b�gZa\Zgby�fbg_jZeh\�f_`^mgZjh^ghc

fbg_jZeh]bq_kdhc� ZkkhpbZpbb� �DGFG�FF:�� ��� AZi�� <FH�� �����

Q������������K����²����

45. Iheydh\�<��H���;Z`_gh\�:��=��I_j\Zy�gZoh^dZ�fZ]g_abhkZ^ZgZ]ZblZ�\

Jhkkbb����MjZevkdbc�fbg_jZeh]bq_kdbc�k[hjgbd������FbZkk��BFbg

MjH�J:G��������K�����²�����fZ]g_abhkZ^ZgZ]Zbl��

46. Ihih\�<��:��Kibkhd�fbg_jZeh\�Bevf_gkdbo�]hj�gZ������]�����Bevf_g-
kdbc� aZih\_^gbd� �k[�� klZl_c���Q_ey[bgkd��X`gh�MjZevkdh_� dgb`g�

ba^�\h�� ������K�� ��²��� �Ca-Al�Zjn\_^khgbl�� [Zjd_\bdbl�� dZjbglb�
gbl�� dZlZnhjbl�� fZ]g_abh[Zjd_\bdbl�� fZ]g_abhdmffbg]lhgbl�� n_j�

jhn_jjb]eZmdhnZg��

47. JZkkdZah\Z�:��>���E_gguo�<��B��FZ]g_lblh\u_� d\Zjpblu�Bevf_gh-
]hjkdh�<brg_\h]hjkdh]h� dhfie_dkZ� �X`guc�MjZe�� ���Fbg_jZeu�b

fbg_jZevgh_� kujv_� ]hjghijhfure_gguo� jZchgh\� MjZeZ�� K\_j^-
eh\kd��MjH�:G�KKKJ��������K����²�����h[f��jh]���

48. JZkkdZah\Z�:��>��Dmffbg]lhgbl� b� Zdlbghebl�f_lZfhjnblh\� k_eyg-
dbgkdh]h�[ehdZ�Bevf_gh�<brg_\h]hjkdh]h�dhfie_dkZ� ���J_]bhgZev-
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Ijbeh`_gb_�I
Lbibqgu_�Zfnb[heu�Bevf_gh]hjkdh]h�dhfie_dkZ

Obfbq_kdbc�khklZ\�lbibqguo�Zfnb[heh\�Bevf_gh]hjkdh]h�dhfie_dkZ
��i�i� SiO2 Al2O3 TiO2 Fe2O3 FeO MnO MgO CaO Na2O K2O H2O+ F KmffZ

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 57.68 - - 1.75 10.08 - 28.20 0.68 - - 2.15 - 100.54
2 43.93 14.85 0.18 18.78 0.50 15.94 0.50 1.22 0.02 - - 95.92
3 54.07 0.58 0.01 0.92 21.15 0.53 18.00 1.46 0.25 0.10 1.68 0.19 99.49**
4 54.08 2.51 0.09 2.54 1.32 0.31 22.70 11.84 2.38 0.58 2.40 - 100.75
5 44.15 8.16 0.29 17.78 0.52 11.07 9.98 2.70 1.61 - 0.58 96.84
6 40.93 8.08 1.08 8.78 21.98 1.76 0.93 9.92 2.20 1.36 2.18 0.34 99.56
7 42.30 7.68 1.25 6.95 13.90 0.5 9.73 11.30 3.10 1.64 0.52 2.32 101.19
8 45.24 12.64 0.40 2.16 5.77 G_�hij� 16.04 12.34 2.53 - 2.68 - 99.80
9 41.16 18.15 0.81 10.60 0.25 11.58 12.23 1.83 0.98 - - 97.59
10 76.60 18.61 1.64 17.99 - 7.71 12.58 0.85 2.30 - - 98.40
11 36.67 18.24 1.50 18.06 - 7.73 12.64 1.01 2.26 - - 98.23
12 41.86 9.68 2.48 6.13 12.19 0.33 10.62 12.52 2.12 1.43 0.20 - 100.29*
13 41.92 10.92 1.68 6.27 11.97 0.26 10.22 11.47 1.84 1.58 1.42 0.53 100.08
14 39.04 12.73 0.68 7.11 14.39 0.68 10.06 10.09 2.07 1.94 0.21 0.98 100.34*
15 41.50 8.64 1.20 7.30 18.35 0.59 6.35 10.44 2.56 1.97 1.00 1.10 100.45
16 38.92 11.21 1.52 7.46 15.32 0.94 7.26 10.91 2.00 1.83 1.96 0.34 99.67
17 38.87 12.38 1.43 8.77 14.31 0.80 6.88 8.64 3.05 2.52 - - 100.0*
18 39.13 12.97 1.28 6.56 17.69 0.51 5.52 10.12 1.63 2.26 1.88 0.31 99.86
19 40.38 10.18 0.86 7.39 17.67 0.77 6.50 9.61 2.12 1.67 1.58 1.02 100.2
20 40.12 10.03 0.76 7.85 15.30 1.49 6.84 9.36 2.78 2.55 1.27 2.28 100.63
21 35.43 21.08 1.02 3.77 8.76 0.29 10.08 11.79 1.60 1.20 1.90 0.21 97.13
22 33.83 17.33 1.50 4.05 20.47 1.54 3.22 10.99 2.10 2.26 - - 97.29
23 33.73 17.84 1.07 11.26 16.58 2.03 2.14 9.02 2.27 3.26 1.36 0.58 100.32
24 33.24 18.25 1.58 9.25 16.13 1.83 2.31 10.04 1.78 3.20 1.30 0.80 99.71
25 34.33 17.46 1.53 5.89 17.78 1.37 3.71 10.43 2.45 2.78 1.70 0.65 100.08
26 54.62 2.26 0.20 1.50 1.60 0.30 22.51 12.34 1.95 0.54 2.27 - 100.20*
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Ijh^he`_gb_�ijbeh`_gby�I
1 2 3 4 5 6 7 8 9 10 11 12 13 14
27 53.53 - 0.73 4.29 8.32 1.04 18.05 12.59 0.65 0.33 0.11 - 100.97*
28 49.84 2.07 0.04 22.88 1.87 8.65 11.16 0.61 0.35 - 0.22 97.71**
29 45.91 10.34 1.19 2.17 13.20 0.23 11.67 12.18 1.39 0.46 1.17 0.05 99.96
30 46.60 9.63 0.90 5.19 5.75 0.24 15.66 12.03 1.47 0.14 2.10 - 99.71
31 45.44 6.44 0.27 18.21 0.77 11.41 12.10 0.85 0.37 - 0.01 95.97
32 42.33 18.57 0.61 1.93 7.92 0.37 12.09 11.86 2.01 0.18 - 0.11 97.85**
33 39.74 20.18 0.60 12.69 - 11.03 12.49 1.71 0.43 - - 98.87
34 43.30 12.21 1.33 4.01 12.21 - 11.25 10.73 2.06 0.63 - - 97.73
35 42.77 11.31 1.96 4.12 13.18 0.17 10.54 11.10 1.70 0.75 1.95 0.01 99.54
36 37.65 11.69 1.93 9.03 23.76 0.38 0.79 9.38 1.59 1.56 1.91 0.34 100.01
37 51.70 2.59 0.40 9.06 10.24 0.79 12.16 6.43 4.87 0.79 0.48 - 100.21*
38 50.22 2.38 1.16 5.20 14.90 0.97 10.56 6.29 5.00 1.57 1.10 1.90 100.45
39 54.84 1.50 0.25 3.80 2.51 0.49 19.84 7.08 5.22 1.73 0.63 2.50 99.38
40 53.98 1.19 0.05 3.33 5.35 0.68 18.31 8.23 4.20 1.11 0.99 3.30 101.19
41 49.46 3.31 0.61 7.79 13.08 1.14 9.48 7.15 3.85 1.59 1.12 1.6 99.51
42 50.83 2.70 0.98 7.49 9.43 0.32 13.39 6.40 5.00 1.49 1.30 1.01 100.34
43 5.78 3.01 0.89 7.49 8.80 0.39 13.91 6.10 4.60 1.20 0.57 1.70 99.79
44 48.96 5.21 0.77 6.08 10.07 1.02 14.02 8.37 3.71 1.54 0.21 - 100.79*
45 40.47 9.92 1.22 12.97 14.24 1.52 4.42 6.43 4.61 2.10 - - 99.98*
46 39.05 10.46 0.96 13.06 15.01 1.83 4.31 7.39 4.40 2.00 1.29 0.74 100.19
47 37.68 14.70 0.83 10.30 15.59 0.61 4.90 8.34 3.45 2.28 1.44 0.72 100.54
48 37.84 12.39 1.22 12.96 14.73 2.62 2.82 7.02 4.07 2.24 1.07 0.70 99.44
49 40.51 10.17 0.86 8.23 14.40 1.77 8.12 9.02 3.08 1.82 0.89 0.50 99.16
50 54.52 2.33 0.08 9.33 8.08 0.61 13.67 4.44 4.75 0.63 1.53 0.75 99.90
51 51.76 2.42 0.31 6.31 10.09 0.29 14.16 8.85 2.67 0.75 0.94 0.36 99.34**
52 48.24 4.40 0.56 6.32 11.68 1.11 13.99 8.80 3.38 0.30 0.08 - 99.96*
53 50.48 2.91 1.24 7.47 11.49 0.40 12.41 7.10 3.33 1.08 1.14 0.90 99.57
54 56.76 1.47 0.51 5.76 0.79 0.29 20.10 2.86 7.50 1.62 0.84 2.80 99.78*
55 52.35 2.13 0.18 14.61 10.78 0.70 8.59 2.12 5.62 0.56 1.70 0.90 99.86
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Ijbf_qZgby:* �±�\�ijh[_�hij_^_e_gh�i��i��i��������²����������²����������²����������²���������²���������²���������²������

45— 2.08;  52— 1.10;  54— 0.98. ** —�\�ijh[_�hij_^_ezg�Cl��� 3— 0.55; 28— 0.02; 32— 0.06; 51— 0.43.

DjbklZeehobfbq_kdb_�nhjfmeu�lbibqguo�Zfnb[heh\�Bevf_gh]hjkdh]h�dhfie_dkZ

:glhnbeebl

1. ��0J5.72Fe2+
1.04Ca0.10Fe3+

0.14)7..0(Si7.85Fe3+
0.15)8.0O22(OH)2.0

@_^jbl

2. Na0.34(Mg3.49Fe2+
1.36Ca0.08Mn0.06Na0.01)5.0(Al 1.03Fe3+

0.95Ti0.02)2.0(Si6.46Al 1.54)8.0O22(OH)2
Dmffbg]lhgbl

3. (Na0.07K0.02)0.09(Mg3.95Fe2+
2.41Ca0.23Mn0.07Fe3+

0.29Al .05)7.0(Si7.95Al 0.05)8.0O22(OH)2
W^_gbl

4. (Na0.43K0.10)0.53(Ca1.76Na0.24)2.0(Mg4.67Fe2+
0.06Mn0.03Fe3+

0.23Ti0.01)5.0(Si7.46Al 0.42Fe3+
0.12 )8.0O22(OH)2

5. (Na0.41K0.31)0.72(Ca1.62Na0.38)2.0(Mg2.50Fe2+
2.25Mn0.07Al 0.15Ti0.03)5.0(Si6.69Al 1.31)8.0O22(OH)2.0

N_jjhw^_gbl

6. (Na0.45K0.29)0.74(Ca1.75Na0.25)2.0(Fe2+
3.75Mg0.23Mn0.24Fe3+

0.36Al 0.29Ti0.13)5.0(Si6.73Al 1.27)8.0O22(OH,F)2.0

Nlhjhn_jjhw^_gbl

7. (Na0.80K0.32)1.12(Ca1.87Na0.13)2.0(Fe2+
2.37Mg2.24Mn0.07Fe3+

0.24Ti0.08)5.0(Si6.54Al 1.40Ti0.06)8.0O22(F1.13OH0.87)2.0

IZj]Zkbl

8. Na0.59(Ca1.89Na0.11)2.0(Mg3.42Fe2+
0.69)4.11(Al 0.62Fe3+

0.23Ti0.04)0.89(Si6.48Al 1.52)8.0O22(OH)2.0

9. (Na0.42K0.18)0.60(Ca1.90Na0.10)2.0(Mg2.50Fe2+
1.02Mn0.03)3.55(Al 1.09Fe3+

0.27Ti0.09)1.45(Si5.98Al 2.02)8.0O22(OH)2.0

DZebciZj]Zkbl

10. (K0.44Na0.25Ca0.03)0.72Ca2.0(Mg1.73Fe2+
1.54)3.27(Al 0.83Fe3+

0.72Ti0.18)1.73(Si5.52Al 2.48)8.0O22(OH)2.0

DZebcn_jjhiZj]Zkbl

11. (K0.44Na0.30Ca0.05)0.79Ca2.0(Fe2+
1.75Mg1.74)3.49(Al 0.81Fe3+

0.53Ti0.17)1.51(Si5.55Al 2.45)8.0O22(OH)2.0
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FZ]g_abh]Zklbg]kbl

12. (Na0.62K0.28Ca0.03)0.93Ca2.0(Mg2.39Fe2+
0.97Mn0.04)3.40(Fe3+

1.27Al 0.05Ti0.28)1.60(Si6.33Al 1.67)8.0O22(OH)2.0

13. (Na0.39K0.31)0.70(Ca1.85Na0.15)2.0(Mg2.28Fe2+
1.51Mn0.04)3.84(Fe3+

0.71Al 0.26Ti0.19)1.16(Si6.32Al 1.68)8.0O22(OH,F)2.0

DZebcfZ]g_abh]Zklbg]kbl

14. (K0.37Na0.21)0.58(Ca1.61Na0.39)2.0(Mg2.23Fe2+
0.73Mn0.09)3.05(Fe3+

1.84Al 0.03Ti0.08)1.95(Si5.80Al 2.20)8.0O22(OH,F)2.0

=Zklbg]kbl

15. (Na0.51K0.38)0.89(Ca1.74Na0.26)2.0(Fe2+
2.39Mg1.47Mn0.08)3.94(Fe3+

0.86Ti0.14Al 0.06)1.06(Si6.48Al 1.52)8.0O22(OH,F)2.0

16. (Na0.42K0.36)0.78(Ca1.82Na0.18)2.0(Fe2+
2.0Mg1.69Mn0.12)3.81(Fe3+

0.87Al 0.14Ti0.18)1.19(Si6.08Al 1.92)8.0O22(OH)2.0

DZebc]Zklbg]kbl

17. (K0.50Na0.45)0.95(Ca1.54Na0.46)2.0(Fe2+
1.85Mg1.59Mn0.10)3.54(Fe3+

1.01Al 0.28Ti0.17)1.46(Si6.02Al 1.98)8.0O22(OH)2.0

18. (K0.45Na0.17)0.62(Ca1.68Na0.32)2.0(Fe2+
2.29Mg1.28Mn0.07)3.64(Fe3+

0.77Al 0.44Ti0.15)1.36(Si6.08Al 1.92)8.0O21.79(OH)2.0

19. (K0.33Na0.25)0.58(Ca1.60Na0.40)2.0(Fe2+
2.29Mg1.49Mn0.10)3.88(Fe3+

0.87Al 0.15Ti0.10)1.12(Si6.28Al 1.72)8.0O22(OH,F)2.0

NlhjhdZebc]Zklbg]kbl

20. (K0.51Na0.43)0.94(Ca1.58Na0.42)2.0(Fe2+
2.01Mg1.60Mn0.20)3.81(Fe3+

0.93Al 0.17Ti0.09)1.19(Si6.31Al 1.69)8.0O22(F1.13OH0.87)2.0

:exfbghfZ]g_abhkZ^ZgZ]Zbl

21. (Na0.37K0.23)0.60(Ca1.90Na0.10)2.0(Mg2.26Fe2+
0.64Mn0.04)2.94(Al 1.05Fe3+

0.89Ti0.12)2.06(Si5.32Al 2.68)8.0O22(OH)2.0

KZ^ZgZ]Zbl

22. (Na0.52K0.46)0.98(Ca1.87Na0.13)2.0(Fe2+
2.46Mg0.76Mn0.21)3.43(Fe3+

0.75Al 0.64Ti0.18)1.57(Si5.39Al 2.61)8.0O22(OH)2.0

DZebckZ^ZgZ]Zbl

23. (K0.65Na0.21)0.86(Ca1.52Na0.48)2.0(Fe2+
2.02Mg0.50Mn0.27)2.79(Fe3+

1.49Al 0.59Ti0.13)2.21(Si5.29Al 2.71)8.0O22(OH,F)2.0

24. (K0.65Na0.27)0.92(Ca1.72Na0.28)2.0(Fe2+
2.34Mg0.55Mn0.25)3.14(Fe3+

0.92Al 0.75Ti0.19)1.86(Si5.31Al 2.69)8.0O22(OH,F)2.0

25. (K0.56Na0.52)1.08(Ca1.77Na0.23)2.0(Fe2+
2.22Mg0.88Mn0.18)3.28(Fe3+

0.83Al 0.70Ti0.18)1.71(Si5.44Al 2.56)8.0O22(OH,F)2.0

Lj_fhebl

26. (Na0.36K0.10)0.46(Ca1.84Na0.16)2.0(Mg4.65Fe2+
0.18Mn0.04Fe3+

0.13)5.0(Si7.58Al 0.37Ti0.02Fe3+
0.03)8.0O22(OH)2.0

27. (Na0.09K0.06)0.15(Ca1.91Na0.09)2.0(Mg3.80Fe2+
0.77Mn0.12Fe3+

0.31)5.0(Si7.56Fe3+
0.36Ti0.08)8.0O22(OH)2.0
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N_jjhZdlbghebl

28. K0.06(Ca1.82Na0.18)2.0(Fe2+
2.15Mg1.96Mn0.24Fe3+

0.65)5.0(Si7.53Al 0.37Fe3+
0.10)8.0O22(OH)2.0

FZ]g_abh]hjg[e_g^bl

29. (Na0.29K0.09)0.38(Ca1.90Na0.10)2.0(Mg2.53Fe2+
1.55Mn0.03)4.11(Al 0.46Fe3+

0.30Ti0.13)0.89(Si6.68Al 1.32)8.0O22(OH)2.0

N_jjbfZ]g_abh]hjg[e_g^bl

30. (Na0.25K0.03)0.28(Ca1.85Na0.15)2.0(Mg3.33Fe2+
0.53Mn0.03)3.89(Fe3+

0.73Al 0.29Ti0.09)1.11(Si6.67Al 1.33)8.0O22(OH)2.0

31. (Na0.21K0.07)0.28(Ca1.96Na0.04)2.0(Mg2.57Fe2+
1.26Mn0.09)3.92(Fe3+

0.95Al 0.02Ti0.03)1.08(Si6.87Al 1.13)8.0O22(OH)2.0

:exfbghq_jfZdbl

32. (Na0.37K0.03)0.40(Ca1.81Na0.19)2.0(Mg2.57Fe2+
0.71Mn0.04)3.32(Al 1.16Fe3+

0.45Ti0.07)1.68(Si6.04Al 1.96)8.0O22(OH)2.0

33. (Na0.38K0.08)0.46(Ca1.91Na0.09)2.0(Mg2.35Fe2+
0.65)3.0(Al 1.06Fe3+

0.86Ti0.06)2.0(Si5.68Al 2.32)8.0O22(OH)2.0

N_jjbq_jfZdbl

34. (Na0.26K0.11)0.37(Ca1.68Na0.32)2.0(Mg2.46Fe2+
1.0)3.46(Fe3+

0.93Al 0.46Ti0.15)1.54(Si6.35Al 1.65)8.0O22(OH)2.0

35. (Na0.24K0.14)0.38(Ca1.76Na0.24)2.0(Mg2.33Fe2+
1.04Mn0.02)3.39(Fe3+

1.06Al 0.33Ti0.22)1.61(Si6.34Al 1.66)8.0O22(OH)2.0

N_jjbn_jjhq_jfZdbl

36. (Na0.32K0.12)0.44(Ca1.62Na0.38)2.0(Fe2+
3.18Mg0.19Mn0.06)3.43(Fe3+

1.08Al 0.26Ti0.23)1.57(Si6.04Al 1.96)8.0O22(OH,F)2.0

Jbol_jbl

37. (Na0.38K0.15)0.53(Ca1.0Na1.0)2.0(Mg2.64Fe2+
1.37Mn0.10Fe3+

0.87Ti0.02)5.0(Si7.53Al 0.45Ti0.02)8.0O22(OH)2.0

38. (Na0.46K0.30)0.76(Ca1.01Na0.99)2.0(Mg2.36Fe2+
1.96Mn0.12Fe3+

0.50Ti0.06)5.0(Si7.53Al 0.40Ti0.07)8.0O22(OH,F)2.0

Nlhjhjbol_jbl

39. (Na0.51K0.32)0.83(Ca1.08Na0.92)2.0(Mg4.19Fe2+
0.30Mn0.06Fe3+

0.41Al 0.02Ti0.02)5.0(Si7.77Al 0.23)8.0O22(F1.12OH0.88)2.0

40. (Na0.44K0.20)0.64(Ca1.27Na0.73)2.0(Mg3.93Fe2+
0.64Mn0.08Fe3+

0.35)5.0(Si7.78Al 0.20Ti0.01Fe3+
0.01)8.0O22(F1.50OH0.50)2.0

NlhjhdZebcjbol_jbl

41. (K0.31Na0.29)0.60(Ca1.16Na0.84)2.0(Mg2.14Fe2+
1.65Mn0.14Fe3+

0.88Al 0.13Ti0.06)5.0(Si7.55Al 0.45)8.0O22(F0.77O0.67OH0.56)2.0

N_jjbfZ]g_abhdZlhnhjbl

42. (Na0.40K0.20)0.60(Ca1.0Na1.0)2.0(Mg2.93Fe2+
1.13Mn0.04)4.10(Fe3+

0.80Ti0.10)0.90(Si7.50Al 0.50)8.0O22(OH,F)2.0
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43. (Na0.43K0.26)0.69(Ca1.11Na0.87Mn0.02)2.0(Mg3.03Fe2+
1.07Mn0.03)4.13(Fe3+

0.77Ti0.10)0.87(Si7.42Al 0.51Fe3+
0.07)8.0O22(OH,F)2.0

DZebcn_jjbfZ]g_abhdZlhnhjbl

44. (K0.28Na0.27)0.55(Ca1.29Na0.71)2.0(Mg3.0Fe2+
1.21Mn0.12)4.33Fe3+

0.67 (Si7.04Al 0.88Ti0.08)8.0O22(OH)2.0

N_jjblZjZfbl

45. (Na0.49K0.42)0.91(Ca1.09Na0.91)2.0(Fe2+
1.87Mg1.03Mn0.20)3.10(Fe3+

1.53Al 0.23Ti0.14)1.90(Si6.39Al 1.61)8.0O22(OH)2.0

46. (Na0.60K0.40)1.0(Ca1.25Na0.75)2.0(Fe2+
1.98Mg1.02Mn0.24)3.24(Fe3+

1.55Ti0.11Al 0.10)1.76(Si6.17Al 1.83)8.0O22(OH,F)2.0

DZebcn_jjblZjZfbl

47. (K0.45Na0.39)0.84(Ca1.36Na0.64)2.0(Fe2+
2.02Mg1.23Mn0.07)3.22(Fe3+

1.17Al 0.52Ti0.09)1.78 (Si5.84Al 2.16)8.0O22(OH,F)2.0

48. (K0.45Na0.44)0.89(Ca1.19Na0.81)2.0(Fe2+
1.96Mg0.67Mn0.35)2.98(Fe3+

1.55Al 0.33Ti0.14)2.02 (Si6.0Al 2.0)8.0O22.52(OH,F)1.48

N_jjbfZ]g_abhlZjZfbl

49. (Na0.39K0.35)0.74(Ca1.48Na0.52)2.0(Mg1.85Fe2+
1.34Mn0.23)3.42(Fe2+

1.45Ti0.10Al 0.03)1.58(Si6.20Al 1.80)8.0O22.0(OH,F)2.0

N_jjb\bgqbl

50. K0.11(Ca0.68Na1.32)2.0(Mg2.79Fe2+
0.97Mn0.07)3.83(Fe3+

1.0Al 0.16Ti0.01)1.17(Si7.76Al 0.24)8.0O22(OH,F)2. 0

51. (K0.14Na0.13)0.27(Ca1.38Na0.62)2.0(Mg3.07Fe2+
1.23Mn0.03)4.33Fe3+

0.67(Si7.54Al 0.42Ti0.03Fe3+
0.1)8.0O22(OH)2. 0

N_jjb[ZjjmZabl

52. (Na0.31K0.06)0.37(Ca1.36Na0.64)2.0(Mg3.0Fe2+
0.60Mn0.13)3.73(Fe3+

1.21Ti0.06)1.27(Si6.96Al 0.75Fe3+
0.29)8.0O22(OH)2.0

53. (Na0.07K0.20)0.27(Ca1.12Na0.88)2.0(Mg2.71Fe2+
1.15Mn0.05)3.91(Fe3+

1.04Ti0.05)1.09(Si7.41Al 0.50Ti0.09)8.0O22(OH,F)2.0

NlhjhfZ]g_abhZjn_^khgbl

54. (Na0.44K0.29)0.73(Ca0.43Na1.57)2.0(Mg4.14Fe2+
0.09Mn0.03)4.26(Fe3+

0.60Al 0.09Ti0.05)0.74(Si7.85Al 0.15)8.0O22(F1.22OH0.78)2.0

FZ]g_abhjb[_dbl

55. K0.10(Ca0.33Na1.60)1.93(Mg1.88Fe2+
1.33Mn0.07)3.28(Fe3+

1.62Al 0.08Ti0.02)1.72(Si7.71Al 0.29)8.0O22(OH,F)2.0
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Ijbeh`_gb_�II
Obfbq_kdbc�khklZ\��fZk�����Zfnb[heh\�Bevf_gh]hjkdh]h�dhfie_dkZ

� SiO2 Al2O3 TiO2 Fe2O3 FeO MnO MgO CaO Na2O K2O H2O+ H2O- F �

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
:glhnbeebl

56 58.32 0.23 0.05 0.16 8.58 0.36 29.50 0.46 0.10 0.01 2.22 99.83
@_^jbl

57 50.35 8.03 0.31 0.85 16.72 0.47 19.49 0.58 0.56 0.02 2.27 0.02 99.67
Dmffbg]lhgbl

58 51.22 4.5 0.16 0.83 19.47 0.25 18.46 0.39 0.43 0.01 1.84 0.02 97.58

59 54.63 1.33 0.08 0.7 16.98 0.55 20.62 0.81 0.11 0.01 1.84 0.02 97.58

60 52.31 2.84 0.62 2.28 19.57 0.39 18.22 0.79 1.35 0.82 0.23 100.43

IZj]Zkbl

61 39.10 20.79 0.52 – 14.12 – 9.18 12.49 1.74 0.51 – – – 98.45
DZebciZj]Zkbl

62 37.93 17.55 1.54 18.49 7.59 12.51 0.41 1.92 98.17
63 36.89 17.63 1.75 18.16 7.89 12.65 1.26 2.07 98.28

64 37.24 18.10 1.66 17.14 8.42 12.30 1.30 2.07 98.03

65 36.78 18.32 1.40 18.33 7.55 12.81 0.81 2.17 98.30

FZ]g_abh]Zklbg]kbl

66 37.00 17.32 1.77 20.36 6.99 12.65 1.08 1.09 97.94

67 40.42 10.65 1.69 6.91 12.44 0.45 9.52 9.94 3.25 1.85 2.11 0.45 99.42
68 42.58 9.23 0.88 6.33 11.24 0.79 12.96 11.16 2.57 1.62 0.34 100.18



99

Ijh^he`_gb_�ijbeh`_gby II
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
69 40.24 13.48 1.19 4.49 15.61 0.28 8.87 12.07 1.70 0.96 0.47 0.08 99.59
70 40.15 9.74 1.29 9.38 7.46 0.31 12.43 10.70 2.26 0.95 3.26 98.97

DZebcfZ]g_abh]Zklbg]kbl

71 37.46 17.48 1.54 – 18.50 – 7.97 12.34 0.82 1.92 – – – 98.26
72 37.43 17.65 1.61 18.19 8.05 12.58 0.93 1.96 98.11

73 39.04 12.73 0.68 7.11 14.39 0.68 10.06 10.09 2.07 1.94 0.21 0.38 100.14
=Zklbg]kbl

74 40.15 10.50 1.55 7.72 13.67 0.26 7.95 11.65 2.66 0.96 2.12 99.19
75 41.02 8.37 0.70 7.73 18.59 0.86 6.36 9.98 2.16 1.67 1.46 0.98 99.47
76 38.01 11.92 0.89 10.05 15.00 1.25 6.22 9.52 2.84 1.92 1.54 0.87 99.66
77 38.82 11.48 1.35 9.55 14.73 1.34 6.64 9.48 2.84 2.09 1.49 0.51 100.11
78 34.90 14.75 1.26 10.72 16.33 2.34 2.44 9.73 2.53 2.16 3.15 0.43 100.62
79 38.40 13.63 1.56 6.85 12.93 0.46 8.18 9.76 3.36 3.00 0.64 1.05 99.38
80 35.70 13.85 1.55 10.48 15.82 – 3.78 9.90 3.07 2.08 96.23
81 40.11 10.40 1.40 9.10 14.97 0.70 6.10 9.06 3.29 2.56 100.64
82 37.66 12.70 1.88 9.16 13.02 1.05 6.64 9.80 3.58 2.88 1.00 100.62
83 40.53 9.00 1.31 6.38 19.04 1.55 4.69 10.43 3.90 1.47 1.60 0.38 100.17
84 35.37 14.67 1.28 8.69 13.60 0.96 6.24 9.73 3.70 2.31 3.02 0.20 1.06 100.38

DZebc]Zklbg]kbl

85 40.03 10.10 1.49 6.46 18.50 0.83 6.41 10.15 1.91 1.65 1.51 1.26 99.76
86 38.79 11.72 1.69 7.42 19.04 0.52 4.58 10.81 1.70 1.80 1.06 0.36 99.33
87 34.90 14.57 1.26 10.72 16.33 2.34 2.44 9.73 2.59 2.16 3.15 0.43 100.62

KZ^ZgZ]Zbl

88 34.33 16.64 1.29 8.34 13.73 0.45 6.13 10.13 3.73 2.29 2.16 – 0.94 99.97
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Ijh^he`_gb_�ijbeh`_gby II
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

N_jjhZdlbghebl

89 51.88 0.78 – – 21.17 1.79 10.32 12.26 0.43 0.16 – – – 98.79
90 50.88 1.01 0.03 – 23.88 1.94 7.86 11.63 0.28 0.15 – – – 97.68

FZ]g_abh]hjg[e_g^bl

91 47.90 10.86 0.51 12.28 – 13.21 12.12 1.15 0.22 98.25
92 49.32 9.24 0.36 12.04 – 13.94 12.28 0.75 0.15 98.08
93 47.09 12.14 0.36 12.90 – 12.81 11.84 0.78 0.27 98.19
94 48.90 9.84 0.12 12.30 – 13.81 12.21 0.96 0.16 98.30
95 50.15 7.45 0.14 12.38 – 14.42 12.57 0.85 0.15 98.11
96 46.73 12.12 0.46 12.60 – 12.92 11.99 1.15 0.35 98.32
97 49.00 9.67 0.27 11.90 – 14.04 12.24 1.00 0.14 98.26
98 46.52 12.17 0.50 12.54 – 12.96 11.95 1.19 0.40 98.23
99 47.32 10.96 0.37 12.87 – 13.04 12.49 1.00 0.33 98.38
100 49.27 9.72 – 7.65 – 16.95 12.11 2.38 – 98.08
101 51.70 7.56 – 7.65 – 17.63 12.29 1.33 – 98.16
102 49.50 10.19 – 8.48 – 16.03 12.09 1.77 – 98.05
103 49.95 9.29 – 7.64 – 17.44 12.23 1.65 – 98.21
104 49.32 10.22 – 7.75 – 16.68 11.84 2.19 – 98.01
105 46.76 13.25 – 8.52 – 15.43 11.72 2.38 – 98.05
106 50.19 9.17 – 7.41 – 17.18 12.00 2.04 – 97.99
107 49.15 9.78 – 7.99 – 16.89 12.18 2.13 – 98.12
108 49.00 10.64 – 7.79 – 16.62 11.87 2.04 – 97.96
109 51.39 7.85 – 7.28 – 17.64 12.22 1.78 – 98.16
110 50.64 8.80 – 7.34 – 17.27 12.29 1.56 – 97.90
111 51.00 8.41 – 7.44 – 17.24 12.21 1.91 – 98.21
112 50.97 9.05 – 7.07 – 17.25 11.75 1.76 – 97.85
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Ijh^he`_gb_�ijbeh`_gby II
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

113 48.82 11.10 – 7.73 – 16.75 11.83 1.93 – 98.21
114 48.55 11.41 – 7.59 – 16.49 11.96 2.12 – 98.12
115 49.01 11.08 – 7.63 – 16.47 11.79 2.26 – 98.24
116 48.78 11.34 – 8.08 – 16.11 12.16 1.61 – 98.08
117 49.65 10.61 – 7.50 – 16.53 11.95 2.05 – 98.29
118 48.76 10.99 – 7.72 – 16.39 11.98 2.19 – 98.03
119 52.05 7.91 – 6.34 – 17.84 12.58 1.42 – 98.14
120 49.52 10.20 – 7.01 – 16.90 11.85 2.61 – 98.09
121 49.49 11.22 – 6.63 – 16.49 12.12 2.23 – 98.18
122 50.62 9.43 – 6.66 – 17.61 12.21 1.56 – 98.09
123 51.18 8.55 – 6.82 – 17.42 12.41 1.83 – 98.21
124 52.67 7.26 – 6.20 – 18.28 12.42 1.22 – 98.05
125 52.98 7.12 – 6.10 – 18.33 12.57 1.14 – 98.24
126 53.48 6.09 – 6.15 – 18.93 12.49 0.88 – 98.02
127 53.28 6.38 – 6.34 – 18.39 12.56 1.31 – 98.25
128 52.85 6.87 – 6.38 – 18.28 12.46 1.16 – 98.00
129 47.10 11.70 0.34 12.60 – 12.91 12.35 1.12 0.26 98.38

N_jjbfZ]g_abh]hjg[e_g^bl

130 49.06 8.80 0.25 12.70 – 14.12 12.58 0.50 0.16 98.17
131 47.28 11.48 0.21 1.39 7.27 0.22 16.83 11.95 1.62 0.22 1.14 0.5 99.66
132 46.03 10.54 0.72 2.54 8.35 0.20 15.41 12.06 2.00 0.21 1.73 99.79
133 54.08 2.51 0.09 2.54 1.32 0.31 22.70 11.84 2.38 0.58 2.4 100.75
134 44.46 11.00 1.95 2.83 15.80 0.37 9.75 10.46 1.26 0.93 1.36 0.42 99.72
135 43.99 11.00 0.89 3.19 16.04 0.19 9.43 11.30 1.35 0.75 1.38 0.05 99.56
136 44.34 10.81 1.72 3.14 11.10 0.19 12.36 11.35 1.50 0.90 1.94 0.05 99.40
137 43.83 9.97 1.43 4.93 14.37 0.34 9.95 11.37 1.33 0.32 2.30 0.02 100.16
138 44.50 9.43 1.59 5.38 14.19 0.38 9.66 10.62 1.04 1.20 1.20 0.05 99.97
139 44.56 9.21 1.38 3.21 12.93 – 10.20 11.17 2.80 2.70 100.30
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Ijh^he`_gb_�ijbeh`_gby II
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

140 45.46 9.19 1.53 19.07 0.18 9.92 10.89 1.12 0.84 98.20
141 44.84 9.45 1.23 19.58 0.22 10.15 10.90 0.84 1.10 98.31
142 44.56 9.82 1.54 19.48 0.06 9.54 10.78 0.85 1.20 98.23
143 44.69 9.64 1.28 19.92 0.16 9.33 11.57 0.68 1.07 98.34
144 44.32 9.94 1.43 19.86 0.16 9.33 11.24 0.91 1.11 98.30
145 44.45 9.36 1.37 21.16 0.21 9.06 11.07 0.22 1.23 98.13

:exfbghq_jfZdbl

146 40.29 18.07 0.49 3.82 10.24 0.08 10.20 11.83 1.99 0.44 1.40 0.03 98.98
147 41.99 18.89 0.72 2.36 9.68 0.18 10.11 12.22 1.24 0.62 0.10 98.14
148 39.66 19.42 0.52 13.98 0.06 9.06 11.91 1.89 0.43 0.03 96.93
149 40.55 18.54 0.54 13.49 0.06 10.22 11.94 2.00 0.45 0.03 97.74
150 41.22 16.54 0.47 13.15 0.06 11.02 11.74 2.09 0.44 0.03 96.73
151 41.51 16.88 0.43 14.25 0.11 10.23 11.71 1.67 0.45 97.24
152 39.94 20.96 0.62 12.29 – 10.47 12.75 1.28 0.47 98.78
153 39.49 21.30 0.65 12.24 – 10.78 12.59 1.30 0.37 98.72
154 39.64 20.03 0.38 15.01 – 9.29 11.81 1.82 0.45 98.43
155 38.91 21.22 0.29 14.52 – 9.15 12.21 1.58 0.50 98.38
156 38.75 21.38 0.48 14.51 – 9.06 12.31 1.34 0.53 98.36
157 38.81 21.00 0.14 15.04 – 8.87 11.95 1.40 0.61 97.82
158 38.59 20.74 0.36 14.21 – 9.64 12.06 1.50 0.66 97.76
159 40.97 18.32 0.29 13.12 – 11.70 11.76 1.36 0.45 97.97
160 38.96 19.23 0.33 17.37 – 8.23 11.89 1.42 0.50 97.93
161 40.95 19.38 0.61 11.26 – 11.90 12.40 1.28 0.31 98.09
162 41.82 18.99 0.52 10.91 – 11.83 12.64 1.22 0.24 98.17
163 41.05 19.21 0.59 10.95 – 12.39 12.44 1.16 0.27 98.06
164 41.02 17.67 – 15.00 – 10.15 11.93 1.47 0.47 97.71
165 41.18 17.69 – 14.69 – 10.29 11.64 1.88 0.51 97.89
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Ijh^he`_gb_�ijbeh`_gby II
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

166 41.18 17.46 – 14.13 – 10.75 11.77 1.81 0.48 97.59
167 42.25 17.94 – 12.12 – 11.32 12.71 0.94 0.26 97.53
168 41.18 18.90 – 11.57 – 11.70 11.95 2.05 0.38 97.73
169 42.06 17.79 – 12.40 – 11.53 12.36 0.99 0.26 97.40
170 41.35 18.73 – 11.96 – 11.11 12.30 1.22 0.40 97.08
171 41.20 18.77 – 11.88 – 11.25 12.21 1.49 0.46 97.26
172 41.19 19.16 – 12.12 – 11.23 11.92 1.00 0.34 96.96
173 40.96 19.37 – 11.91 – 11.09 12.23 1.39 0.43 97.38
174 41.26 18.63 – 11.87 – 11.21 12.23 1.24 0.38 96.84
175 42.65 17.92 – 12.88 – 11.01 12.38 0.43 0.18 97.45
176 42.38 17.54 – 12.54 – 11.01 12.40 1.05 0.17 97.09

N_jjbq_jfZdbl

177 38.67 20.75 0.45 14.15 9.59 12.32 1.41 0.52 97.86
178 39.60 19.13 0.38 14.58 10.19 11.88 1.41 0.55 97.72
179 39.32 19.44 0.35 14.79 10.01 11.97 1.48 0.62 97.98
180 39.77 19.19 0.40 13.77 10.93 11.83 1.60 0.54 98.03
181 40.02 19.22 0.51 13.54 10.90 11.86 1.50 0.39 97.94
182 38.65 20.03 0.40 16.08 8.99 12.12 1.31 0.41 97.99
183 40.76 18.32 0.30 12.99 11.59 11.77 1.76 0.52 98.01
184 40.25 18.53 0.42 13.94 10.90 11.89 1.54 0.46 97.93
185 40.48 18.52 0.35 13.16 11.38 12.02 1.68 0.43 98.02
186 39.79 18.84 0.28 15.05 10.35 12.10 1.28 0.47 98.16
187 39.53 19.08 0.39 15.01 10.00 12.12 1.52 0.34 97.99
188 41.68 18.13 0.12 12.45 11.97 12.21 1.42 0.16 98.14
189 41.82 16.14 15.11 11.01 12.04 1.43 0.45 98.01
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Ijh^he`_gb_�ijbeh`_gby II
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

190 41.74 16.54 14.56 11.14 11.38 1.66 0.44 97.47
191 39.60 12.67 1.18 4.44 14.01 0.37 9.30 12.63 0.79 0.37 2.60 0.02 98.12
192 41.59 14.63 0.45 16.29 0.10 9.78 11.77 1.66 0.49 96.77
193 41.39 12.13 1.98 4.41 16.52 0.20 7.77 10.81 1.64 1.10 1.40 0.05 99.40

DZeb_\uc�n_jjbq_jfZdbl

194 40.54 13.18 2.32 20.18 0.10 7.94 11.03 1.18 1.79 98.26
195 40.80 13.22 2.19 19.85 0.18 8.23 11.04 1.14 1.74 98.39
196 40.93 12.35 2.22 20.39 0.15 7.96 11.36 1.08 1.76 98.20
197 41.29 12.22 2.30 19.92 0.21 8.66 11.03 1.02 1.72 98.37
198 40.74 12.68 2.44 20.22 0.19 8.26 11.00 1.24 1.71 98.46
199 40.99 12.78 2.34 19.62 0.07 8.44 10.94 1.14 1.97 98.29
200 41.41 11.84 1.80 20.35 0.25 8.62 11.18 1.15 1.66 98.26
201 41.46 12.48 2.19 19.52 0.20 8.65 11.05 0.85 1.80 98.20
202 40.80 13.15 2.03 20.04 0.20 8.45 10.91 0.91 1.79 98.28
203 40.67 13.09 2.14 19.74 0.21 8.37 10.81 1.17 1.97 98.17
204 41.59 11.98 1.99 19.95 0.35 8.66 11.01 1.05 1.76 98.34
205 43.04 10.36 1.42 21.48 0.34 8.38 10.84 1.10 1.22 98.18
206 42.01 11.71 1.80 21.11 0.35 8.04 10.75 1.08 1.41 98.26
207 42.15 11.32 1.56 21.44 0.43 8.00 10.84 0.95 1.41 98.10
208 39.95 12.92 2.41 20.61 0.20 8.14 11.09 1.02 1.94 98.28
209 40.96 12.82 2.43 19.82 0.30 8.36 11.22 0.76 1.73 98.40
210 43.29 9.89 1.42 20.74 0.17 9.00 11.52 0.83 1.31 98.17
211 43.99 12.20 1.36 3.43 15.45 0.15 9.02 10.24 1.53 1.04 1.47 0.52 100.18
212 42.30 10.13 1.00 6.83 14.69 0.65 8.41 10.68 1.62 1.25 2.13 0.33 99.88
213 42.32 10.76 0.87 7.57 11.31 0.48 10.18 10.92 1.25 1.25 2.25 0.10 99.52
214 43.34 11.92 0.79 5.74 9.95 0.26 12.85 11.71 1.14 1.08 0.28 0.02 100.04
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HdhgqZgb_�ijbeh`_gby II
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

N_jjbn_jjhq_jfZdbl

215 41.93 12.13 1.98 4.41 0.20 7.77 10.81 1.64 1.1 1.40 0.05 99.40
Nlhjhjbol_jbl

216 54.84 1.50 0.25 3.80 2.51 0.49 19.84 7.08 5.22 1.73 0.63 2.5 99.37
217 52.20 1.72 0.65 6.78 11.64 1.61 10.98 4.59 6.00 2.08 0.37 2.75 100.21
218 51.78 2.54 1.13 6.63 9.90 0.54 13.27 5.37 5.33 1.57 0.71 1.50 99.64
219 51.85 2.03 0.44 6.49 12.58 0.59 11.44 6.59 5.24 1.33 0.40 1.85 100.05

DZebcn_jjbfZ]g_abhdZlhnhjbl

220 50.26 3.70 0.80 6.93 9.43 0.66 13.40 7.40 3.88 1.77 1.20 2.00 100.25
N_jjblZjZfbl

221 38.54 11.24 1.14 12.51 15.13 1.49 4.18 7.44 4.40 2.00 1.56 0.66 100.01
222 39.44 11.32 0.88 10.48 14.22 0.65 7.09 8.18 4.00 2.00 1.52 0.85 100.27
223 37.96 11.16 1.04 13.50 16.16 1.56 2.72 7.16 4.90 2.07 1.52 99.75
224 36.81 13.06 1.39 12.94 13.72 2.99 3.47 7.89 4.00 2.00 1.56 0.78 100.27
225 38.94 11.12 0.84 11.49 13.56 0.83 6.36 8.57 3.76 2.00 2.00 0.83 99.36
226 40.89 9.92 1.40 13.33 14.09 1.48 3.68 7.16 4.94 1.77 1.69 100.35

DZebcn_jjblZjZfbl

227 37.00 12.57 1.21 11.45 15.84 2.90 2.82 7.87 3.76 2.32 1.90 0.69 100.02
228 37.01 13.04 0.74 5.84 22.15 1.77 2.60 7.52 3.74 2.88 0.97 0.35 99.87

N_jjb[ZjjmZabl

229 50.78 3.01 0.89 7.49 8.80 0.39 13.91 6.10 4.60 1.20 0.57 1.70 99.79
FZ]g_abhjb[_dbl

230 53.02 1.93 0.12 11.34 11.96 0.78 9.40 2.56 5.62 0.75 1.38 1.70 99.85
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Ijbeh`_gb_�III
We_f_glu�b�ijhba\h^gu_�\_ebqbgu�\�djbklZeehobfbq_kdhc

nhjfme_�Zfnb[heh\
�

i�i

Si4+ AlVI fMg fAl CaB NaA ∑A F Ca–
comp

1 2 3 4 5 6 7 8 9 10
1 7.85 – 0.79 – 0.10 – – 18.90 –
2 6.46 1.03 0.71 0.52 0.08 0.34 0.34 40.40 –
3 7.95 0.05 0.47 0.15 0.23 0.07 0.09 41.20 –
4 7.46 – 0.98 – 1.76 0.43 0.53 8.60 69.60
5 6.69 0.15 0.62 0.16 1.62 0.41 0.72 48.10 59.60
6 6.73 0.29 0.07 0.19 1.75 0.45 0.74 95.20 63.90
7 6.54 – 0.55 – 1.87 0.80 1.12 53.90 59.90
8 6.48 0.62 0.86 0.60 1.89 0.59 0.59 21.20 73.00
9 5.98 1.09 0.72 0.72 1.90 0.42 0.60 34.60 73.10
10 5.52 0.83 0.53 0.54 2.00 0.25 0.72 56.60 74.60
11 5.55 0.81 0.50 0.54 2.00 0.30 0.79 56.70 73.50
12 6.33 0.05 0.70 0.04 2.00 0.62 0.93 48.80 69.30
13 6.32 0.26 0.59 0.23 1.85 0.39 0.70 49.70 68.50
14 5.80 0.03 0.73 0.02 1.61 0.21 0.58 54.40 62.40
15 6.48 0.06 0.37 0.06 1.74 0.51 0.89 69.40 60.20
16 6.08 0.14 0.46 0.11 1.82 0.42 0.78 63.90 65.50
17 6.02 0.29 0.45 0.20 1.54 0.45 0.95 65.00 52.20
18 6.08 0.45 0.38 0.28 1.68 0.17 0.62 70.90 64.10
19 6.28 0.14 0.43 0.09 1.60 0.25 0.58 68.50 62.00
20 6.31 0.17 0.42 0.14 1.58 0.43 0.94 66.20 53.70
21 5.32 1.05 0.79 0.50 1.90 0.37 0.60 40.70 73.10
22 5.39 0.64 0.23 0.37 1.87 0.52 0.98 81.80 62.90
23 5.29 0.59 0.18 0.27 1.52 0.21 0.86 88.30 53.10
24 5.31 0.75 0.19 0.37 1.72 0.27 0.92 86.40 58.90
25 5.44 0.70 0.26 0.44 1.77 0.52 1.08 78.60 57.50
26 7.58 – 0.96 – 1.84 0.36 0.46 7.50 74.80
27 7.56 – 0.81 – 1.91 0.09 0.15 29.10 88.80
28 7.53 – 0.45 – 1.81 – 0.06 60.60 87.90
29 6.68 0.46 0.60 0.50 1.90 0.39 0.38 44.80 77.00
30 6.67 0.29 0.82 0.30 1.85 0.25 0.28 27.90 81.10
31 6.87 0.02 0.66 0.02 1.96 0.21 0.28 47.20 86.00
32 6.04 1.16 0.76 0.73 1.81 0.37 0.40 31.00 74.30
33 5.68 1.06 0.76 0.53 1.91 0.38 0.46 39.10 77.60
34 6.35 0.46 0.71 0.30 1.68 0.26 0.37 44.20 70.40
35 6.34 0.33 0.67 0.22 1.76 0.24 0.38 47.60 74.00
36 6.04 0.26 0.06 0.16 1.62 0.32 0.44 95.80 66.40
37 7.53 – 0.66 – 1.00 0.38 0.53 47.00 39.50
38 7.52 – 0.54 – 1.01 0.46 0.76 52.10 36.60
39 7.77 0.02 0.90 0.06 1.08 0.51 0.83 15.40 38.30
40 7.78 – 0.84 – 1.27 0.44 0.64 21.60 48.10
41 7.55 0.13 0.50 0.13 1.16 0.29 0.60 55.80 44.60
42 7.50 – 0.71 – 1.00 0.40 0.60 39.60 38.50
43 7.42 – 0.73 – 1.11 0.43 0.69 38.20 41.30
44 7.04 – 0.77 – 1.29 0.27 0.55 40.00 50.60
45 6.39 0.23 0.33 0.12 1.09 0.49 0.91 77.80 37.50
46 6.17 0.10 0.29 0.12 1.25 0.60 1.00 78.80 41.60
47 5.84 0.52 0.37 0.26 1.36 0.39 0.84 74.30 47.90
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Ijh^he`_gb_�ijbeh`_gby�III
1 2 3 4 5 6 7 8 9 10
48 6.00 0.33 0.22 0.16 1.19 0.44 0.89 85.30 41.20
49 6.20 0.03 0.54 0.02 1.48 0.39 0.74 62.00 54.00
50 7.76 0.16 0.74 0.09 0.68 – 0.11 42.20 32.40
51 7.54 – 0.71 – 1.38 0.13 0.27 38.60 60.80
52 6.96 – 0.82 – 1.36 0.30 0.36 42.60 57.60
53 7.38 – 0.72 – 1.11 0.05 0.25 45.40 49.30
54 7.85 0.09 0.97 0.12 0.43 0.44 0.73 14.80 15.80
55 7.71 0.06 0.61 0.04 0.33 – 0.03 61.70 16.20
56 6.89 – – – – –
57 7.28 0.28 0.51 0.85 – 0.17 0.26 34.10 –
58 6.59 – – 0.54 – – –
59 6.96 – – 0.11 – – –
60 6.74 – – – 0.11
61 5.68 1.24 0.63 0.70 1.95 0.44 0.53 46.30 77.10
62 5.70 0.81 0.53 0.50 2.00 0.12 0.50 57.70 80.00
63 5.58 0.72 0.52 0.53 2.00 0.37 0.82 56.10 70.90
64 5.58 0.78 0.57 0.52 1.98 0.36 0.76 53.40 71.70
65 5.56 0.82 0.51 0.55 2.00 0.24 0.74 57.60 73.00
66 5.58 0.66 0.50 0.41 2.00 0.32 0.57 61.80 77.80
67 6.23 0.16 0.57 0.14 1.64 0.61 0.97 53.00 55.20
68 6.27 – 0.74 – 1.76 0.49 0.79 43.50 63.10
69 6.02 0.40 0.56 0.28 1.94 0.43 0.61 55.70 74.30
70 6.17 – 0.80 – 1.76 0.43 0.62 42.30 67.20
71 5.63 0.73 0.55 0.45 1.99 0.23 0.60 56.50 76.50
72 5.62 0.74 0.54 0.49 2.00 0.27 0.67 55.90 74.90
73 5.80 0.03 0.75 0.02 1.61 0.21 0.58 54.40 62.40
74 6.29 0.23 0.45 0.28 1.95 0.76 0.95 59.50 66.10
75 6.43 – 0.39 – 1.68 0.34 0.67 70.00 62.90
76 5.94 0.14 0.43 0.09 1.60 0.46 0.84 69.50 56.30
77 6.02 0.12 0.44 0.08 1.58 0.46 0.87 67.4 55.00
78 5.64 0.45 0.18 0.26 1.68 0.50 0.94 86.8 57.10
79 5.87 0.33 0.50 0.25 1.60 0.59 1.18 58.60 50.30
80 5.80 0.44 0.26 0.31 1.73 0.70 1.14 79.10 55.10
81 6.32 0.25 0.37 0.22 1.53 0.53 1.05 68.80 50.20
82 5.93 0.29 0.44 0.20 1.65 0.73 1.29 65.30 50.20
83 6.50 0.20 0.32 0.13 1.79 1.00 1.30 7.64 54.20
84 5.63 0.38 0.45 0.22 1.66 0.34 1.27 66.70 50.80
85 6.22 0.07 0.42 0.05 1.69 0.27 0.60 68.70 65.00
86 6.10 0.27 0.30 0.20 1.82 0.34 0.70 76.20 67.40
87 5.64 0.45 0.18 0.26 1.68 0.44 0.94 86.80 57.10
88 5.46 0.55 0.45 0.30 1.70 0.85 1.30 66.70 51.80
89 7.72 – 0.48 – 1.96 0.08 0.11 55.40 92.90
90 7.75 – 0.38 – 1.90 – 0.03 64.90 94.50
91 6.84 0.67 0.72 0.66 1.86 0.18 0.22 34.20 83.80
92 7.02 0.57 0.74 0.60 1.87 0.08 0.11 32.60 88.60
93 6.69 0.72 0.76 0.51 1.80 0.20 0.06 36.10 87.40
94 6.95 0.60 0.74 0.59 1.86 0.13 0.16 33.30 86.10
95 7.18 0.44 0.71 0.65 1.93 0.17 0.20 32.50 87.70
96 6.67 0.71 0.74 0.57 1.83 0.15 0.21 35.40 82.80
97 6.97 0.59 0.74 0.61 1.86 0.14 0.17 32.20 85.70
98 6.64 0.69 0.75 0.55 1.83 0.16 0.23 35.20 82.10
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Ijh^he`_gb_�ijbeh`_gby III
1 2 3 4 5 6 7 8 9 10
99 6.78 0.63 0.70 0.63 1.92 0.20 0.26 35.60 85.00
100 6.94 0.55 0.84 0.73 1.83 0.48 0.48 26.10 73.80
101 7.21 0.45 0.86 0.60 1.84 0.20 0.20 19.60 83.60
102 6.96 0.65 0.82 0.79 1.82 0.30 0.30 22.80 79.10
103 6.96 0.49 0.89 0.52 1.83 0.27 0.27 19.70 80.60
104 6.92 0.61 0.85 0.66 1.78 0.38 0.38 20.70 74.80
105 6.57 0.77 0.86 0.61 1.76 0.41 0.41 23.60 73.00
106 7.03 0.54 0.87 0.61 1.80 0.35 0.35 19.60 76.60
107 6.91 0.53 0.85 0.62 1.83 0.41 0.41 21.00 75.90
108 6.86 0.62 0.87 0.60 1.78 0.33 0.33 20.80 76.40
109 7.18 0.48 0.85 0.71 1.83 0.31 0.31 18.80 79.20
110 7.09 0.54 0.86 0.67 1.84 0.26 0.26 19.30 81.40
111 7.14 0.53 0.83 0.78 1.83 0.35 0.35 19.50 77.90
112 7.11 0.60 0.87 0.67 1.76 0.24 0.24 24.10 78.60
113 6.80 0.62 0.90 0.55 1.77 0.31 0.31 20.50 76.60
114 6.79 0.67 0.87 0.64 1.79 0.37 0.37 20.60 75.50
115 6.85 0.68 0.86 0.68 1.77 0.38 0.38 20.60 74.40
116 6.83 0.70 0.86 0.64 1.82 0.26 0.26 21.90 80.50
117 6.94 0.69 0.84 0.75 1.79 0.35 0.35 20.20 76.20
118 6.85 0.67 0.85 0.70 1.80 0.40 0.40 20.80 75.00
119 7.26 0.56 0.84 0.93 1.88 0.26 0.26 16.70 83.20
120 6.96 0.65 0.83 0.87 1.78 0.49 0.49 18.80 71.50
121 6.93 0.78 0.82 0.94 1.82 0.42 0.42 18.50 75.20
122 7.04 0.58 0.89 0.58 1.82 0.24 0.24 17.40 81.20
123 7.16 0.57 0.83 0.69 1.86 0.36 0.36 23.30 78.80
124 7.31 0.50 0.87 0.76 1.85 0.18 0.18 16.00 84.80
125 7.34 0.50 0.86 0.82 1.87 0.18 0.18 16.00 85.80
126 7.40 0.39 0.90 0.59 1.85 0.09 0.09 15.40 88.50
127 7.40 0.45 0.85 0.88 1.87 0.22 0.22 16.30 84.20
128 7.36 0.48 0.86 0.79 1.86 0.17 0.17 21.10 85.70
129 6.74 0.71 0.71 0.65 1.89 0.11 0.25 35.50 84.00
130 6.99 0.47 0.75 0.48 1.92 0.06 0.09 33.60 91.90
131 6.57 0.45 0.87 0.45 1.78 0.21 0.24 23.20 79.50
132 6.58 0.36 0.86 0.30 1.84 0.39 0.42 28.10 76.00
133 7.46 – 0.96 – 1.75 0.39 0.49 8.90 70.30
134 6.52 0.42 0.64 0.25 1.64 – 0.19 52.00 74.90
135 6.53 0.45 0.57 0.34 1.80 0.19 0.33 53.20 77.30
136 6.51 0.38 0.74 0.29 1.78 0.20 0.38 39.10 74.80
137 6.53 0.27 0.61 0.19 1.81 0.19 0.24 51.90 80.80
138 6.62 0.25 0.56 0.21 1.69 0.28 0.49 53.20 67.90
139 6.85 0.48 0.58 0.48 1.89 0.72 1.25 46.60 58.20
140 6.70 0.29 0.60 0.21 1.72 0.04 0.20 52.00 78.20
141 6.58 0.21 0.64 0.14 1.72 – 0.17 52.30 79.30
142 6.55 0.25 0.63 0.16 1.71 – 0.18 52.40 78.40
143 6.61 0.30 0.56 0.23 1.84 0.03 0.23 54.60 82.50
144 6.57 0.30 0.57 0.22 1.80 0.06 0.26 54.60 79.60
145 6.57 0.20 0.59 0.12 1.75 – 0.04 57.00 85.80
146 5.91 1.04 0.68 0.60 1.86 0.42 0.50 43.00 74.40
147 6.08 1.30 0.65 0.78 1.89 0.24 0.36 40.00 80.10
148 5.85 1.22 0.62 0.69 1.88 0.42 0.50 46.50 75.20
149 5.90 1.08 0.68 0.62 1.86 0.42 0.50 42.80 74.40
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Ijh^he`_gb_�ijbeh`_gby III
1 2 3 4 5 6 7 8 9 10

150 6.06 0.92 0.71 0.58 1.85 0.45 0.49 40.20 74.30
151 6.07 0.98 0.68 0.57 1.83 0.30 0.39 44.00 76.60
152 5.71 1.24 0.73 0.66 1.95 0.31 0.40 39.70 81.20
153 5.62 1.18 0.79 0.58 1.92 0.28 0.35 38.80 81.70
154 5.73 1.15 0.67 0.58 1.83 0.34 0.42 47.50 75.60
155 5.63 1.25 0.67 0.62 1.89 0.33 0.42 47.00 79.10
156 5.60 1.24 0.50 0.60 1.91 0.29 0.39 47.20 79.90
157 5.64 1.24 0.67 0.59 1.86 0.26 0.37 48.70 78.50
158 5.60 1.15 0.72 0.56 1.88 0.30 0.42 45.10 77.70
159 5.84 0.92 0.76 0.54 1.80 0.18 0.26 38.50 79.60
160 5.72 1.04 0.61 0.52 1.87 0.27 0.36 54.20 79.20
161 5.83 1.08 0.83 0.56 1.89 0.24 0.30 34.70 82.20
162 5.95 1.13 0.79 0.65 1.93 0.27 0.31 34.10 83.60
163 5.82 1.02 0.88 0.52 1.89 0.21 0.26 33.20 83.60
164 5.96 0.98 0.69 0.52 1.86 0.23 0.36 45.30 78.80
165 5.97 0.99 0.70 0.55 1.81 0.34 0.43 44.40 74.50
166 5.98 0.97 0.72 0.55 .183 0.34 0.43 42.50 75.30
167 6.08 1.12 0.73 0.67 1.96 0.23 0.28 37.60 86.00
168 5.91 1.11 0.78 0.62 1.84 0.41 0.45 35.70 75.10
169 6.07 1.09 0.76 0.60 1.91 0.19 0.22 38.10 86.10
170 5.98 1.17 0.74 0.66 1.91 0.25 0.32 37.60 82.30
171 5.95 1.15 0.75 0.65 1.89 0.31 0.39 37.10 79.10
172 5.91 1.15 0.80 0.58 1.83 0.11 0.17 37.70 84.30
173 5.90 1.19 0.76 0.64 1.89 0.28 0.36 37.50 80.10
174 5.97 1.15 0.76 0.63 1.89 0.24 0.31 37.10 81.80
175 6.10 1.12 0.77 0.57 1.90 0.02 0.04 39.70 93.10
176 6.13 1.12 0.72 0.66 1.92 0.21 0.24 38.90 85.70
177 5.61 1.16 0.70 0.50 1.92 0.32 0.42 45.40 79.30
178 5.73 1.00 0.76 0.49 1.84 0.24 0.34 44.40 78.60
179 5.70 1.01 0.73 0.50 1.86 0.28 0.40 45.30 77.50
180 5.72 0.97 0.81 0.47 1.82 0.26 0.36 41.40 77.10
181 5.74 0.99 0.81 0.48 1.82 0.24 0.31 41.00 78.80
182 5.62 1.08 0.68 0.50 1.89 0.26 0.34 50.00 80.80
183 5.84 0.94 0.84 0.49 1.81 0.30 0.40 38.70 75.40
184 5.80 0.94 0.78 0.48 1.84 0.27 0.35 41.80 78.30
185 5.81 0.94 0.80 0.50 1.85 0.32 0.40 39.30 77.10
186 5.74 0.94 0.76 0.46 1.87 0.23 0.32 44.90 80.60
187 5.73 0.99 0.72 0.50 1.88 0.31 0.37 45.80 79.30
188 5.93 0.97 0.83 0.50 1.86 0.25 0.28 36.80 81.60
189 6.05 0.80 0.78 0.41 187 0.27 0.35 43.30 79.60
190 6.03 0.85 0.74 0.45 1.76 0.23 0.31 42.40 76.20
191 6.08 0.37 0.60 0.26 2.00 0.24 0.39 52.60 83.70
192 6.18 0.74 0.62 0.50 1.88 0.36 0.45 48.20 76.70
193 6.25 0.41 0.51 0.26 1.75 0.23 0.44 59.90 71.70
194 6.09 0.42 0.54 0.25 1.77 0.10 0.44 58.80 72.50
195 6.10 0.43 0.55 0.25 1.77 0.10 0.43 57.90 72.80
196 6.11 0.42 0.52 0.27 1.82 0.13 0.46 59.10 74.00
197 6.16 0.31 0.61 0.17 1.76 0.06 0.22 56.70 79.30
198 6.10 0.33 0.56 0.19 1.76 0.12 0.44 58.10 72.10
199 6.14 0.39 0.56 0.21 1.76 0.09 0.45 58.70 71.80
200 6.21 0.31 0.56 0.20 1.80 0.13 0.45 57.20 73.50
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HdhgqZgb_�ijbeh`_gby III
1 2 3 4 5 6 7 8 9 10

201 6.19 0.38 0.58 0.23 1.77 0.02 0.36 56.20 75.00
202 6.08 0.38 0.60 0.21 1.74 – 0.34 57.20 74.40
203 6.09 0.39 0.57 0.22 1.73 0.07 0.44 57.20 70.90
204 6.21 0.32 0.58 0.19 1.76 0.06 0.36 56.70 74.60
205 6.43 0.25 0.54 0.18 1.74 0.06 0.29 59.20 76.00
206 6.27 0.33 0.54 0.19 1.72 0.03 0.30 60.00 74.80
207 6.31 0.31 0.54 0.18 1.74 0.02 0.29 60.40 76.00
208 6.01 0.30 0.56 0.17 1.79 0.09 0.46 58.90 72.80
209 6.11 0.36 0.57 0.20 1.79 0.01 0.34 57.40 76.50
210 6.48 0.22 0.55 0.16 1.85 0.09 0.54 56.50 79.00
211 6.47 0.58 0.60 0.34 1.60 0.04 0.24 53.80 71.40
212 6.43 0.24 0.53 0.17 1.74 0.11 0.42 59.00 71.90
213 6.36 0.27 0.72 0.15 1.60 – 0.20 50.50 72.70
214 6.26 0.29 0.81 0.18 1.81 0.13 0.33 40.30 77.70
215 6.28 0.44 0.48 0.29 1.76 0.24 0.46 61.10 71.50
216 7.77 0.02 0.90 0.06 1.08 0.51 0.82 15.40 38.30
217 7.76 0.06 0.56 0.09 0.73 0.46 0.85 49.90 25.60
218 7.56 – 0.71 – 0.84 0.35 0.64 41.00 31.80
219 7.70 0.06 0.56 0.14 1.05 0.56 0.81 48.30 37.40
220 7.36 – 0.71 – 1.16 0.26 0.59 40.50 44.80
221 6.16 0.28 0.29 0.18 1.28 0.64 1.05 78.80 42.00
222 6.13 0.21 0.48 0.14 1.36 0.56 0.96 65.70 46.00
223 6.16 0.29 0.19 0.18 1.24 0.78 1.21 86.60 38.60
224 5.90 0.37 0.25 0.21 1.35 0.59 1.00 82.30 45.00
225 6.11 0.17 0.42 0.12 1.44 0.58 0.98 68.50 48.30
226 6.47 0.42 0.30 0.21 1.23 0.76 1.12 80.0 39.4
227 5.99 0.39 0.20 0.24 1.36 0.44 0.92 85.50 46.60
228 5.92 0.38 0.19 0.22 1.29 0.45 1.05 86.3 42.3
229 7.42 – 0.74 – 0.95 0.25 0.47 39.00 38.50
230 7.78 0.11 0.62 0.07 0.40 – 0.14 57.80 18.70

Ihykg_gby�d�ijbeh`_gbyf�,�±�,,,

1. WgklZlbl�Zglhnbeeblh\Zy� ihjh^Z�� ]�� KZ\_evdmevkdZy� �KZ\_ev�

dmevkdh_� f�gb_� Zglhnbeebl�Zk[_klZ��� x�\� [_j_]� ha�� ;�� FbZkkh\h

�Zglhnbeebl��Kbfhgh\�:��B���������

2. ;bhlblh\u_�djbklZeehkeZgpu��ij��BD±���±����ba�f_lZfhjnbq_kdbo

ihjh^� Aujygh\kdh]h� [ehdZ�� DurlufkdZy� lhesZ�� ha�� ;��FbZkkh\h�

Fbdjhahg^h\�� ZgZeba�� ZgZeblbd� Qmjbg� ?�� B�� �`_^jbl�� Dhjbg_\k�

dbc�<��=���������

3. Dmffbg]lhgbl�Zdlbghebl�fZ]g_lblh\uc� d\Zjpbl�� K_eygdbgkdbc

[ehd��dmffbg]lhgbl��JZkkdZah\Z�:��>���������lZ[e�� Zg�����
4. :dlbgheblh\Zy�ihjh^Z�kj_^b�]g_ckh\�b�Zfnb[heblh\��dhiv������x`g__

;bldmeh\kdhc� dmjvb� ha�� ;�� Brdmev�� :gZeblbd� =hgb[_kh�

\Z�D��:����Zdlbghebl�djZkgh�[mjuc��Kbfhgh\�:��B���������lZ[e�����Zg�����

5. DjbklZeeu� Zfnb[heZ� \� djmigha_jgbklhf� dZevpbl_�� fma. h[j�
��������nhg^�i_j\bqguo�fZl_jbZeh\���gh\uc�s_[_ghqguc�dZjv_j�\
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hdj��]��FbZkkZ��FZl_jbZe�Ihih\Z�<��:���fbdjhahg^h\. ZgZeba��ZgZeb-
lbd�Qmjbg�?��B���

6. DjZ_\Zy�]jZnbq_kdZy�ahgZ�ihke_fbZkdblh\h]h�i_]fZlblZ��h[j�����ID

²����\h^hjZa^_e�ha_j�;��Brdmev�²�;��LZldmev��jh]. h[f��n_jjhw^_-
gblh\Zy��;Z`_gh\�:��=���^j���������lZ[e� ���Zg�����

7. KbebdZlgh�dZj[hgZlgZy�ihjh^Z�\�wdahdhglZdl_�fbZkdblh\h]h�fZkkb-
\Z��gh\uc�s_[_ghqguc�dZjv_j�\�hdj��]��FbZkkZ��k�\�[hjl� �jh]. h[f�
nlhjn_jjbw^_gblh\Zy��;Z`_gh\�:��=���������

8. :fnb[hebl�� h[j�� ����� kj_^b� djbklZeehkeZgp_\� bevf_gh]hjkdhc

lhesb��\������df�x]h�x]h�aZiZ^g__�Gyr_\kdh]h�fZkkb\Z��:gZeblbdb

G� :��P_ebdh\Z� �jh]. h[f�� iZj]Zkblh\Zy��;Z`_gh\�:��=��� ^j��� �����
lZ[e�����Zg�����hgb�`_��������lZ[e�����Zg�����

9. =jZgZl�iZj]Zkblh\uc� ]hjg[e_g^bl�� ij�� B=±��±���� k� dhjmg^hf� b

]_jpbgblhf��=jZgZlh\Zy� ]hjdZ�� k_\. [_j_]�ha��;��FbZkkh\h��Fbdjh-
ahg^h\�� ZgZeba�� ZgZeblbd� Qmjbg� ?�� B��� fZl_jbZe� <Zeb-
a_j�G��B�� �iZj]Zkbl�`_e_abkluc��Dhjbg_\kdbc�<��=��� ������ lZ[e�� ��

Zg�����

10. =jZgZl�kdZihebl�Zfnb[heh\Zy� ihjh^Z�� G±IV-2�� ba� rmjnZ� gZ� k_\.
[_j_]m�ha��DZjZkv_��m�^hjh]b�gZ�ha��>_fb^h\kdh_��Fbdjhahg^h\. ZgZ-
eba��ZgZeblbd�Dhleyjh\�<� :���dZebciZj]Zkbl� ^��Z���

11. =jZgZl�kdZihebl�Zfnb[heh\Zy� ihjh^Z�� G±IV-3�� ba� rmjnZ� gZ� k_\.
[_j_]m�ha��DZjZkv_��m�^hjh]b�gZ�ha��>_fb^h\kdh_��Fbdjhahg^h\. ZgZ-
eba��ZgZeblbd�Dhleyjh\�<��:���dZebcn_jjhiZj]Zkbl���^��Z���

12. D\Zjp�ihe_\hriZlh\Zy� ahgZ�\�p_gljZevghc�qZklb�ihe_\hriZlh\h]h
i_]fZlblZ�k�fmkdh\blhf��dhiv�����:gZeblbd�Ihklh_\Z�G��=��������]�

�jh]. h[f���JhlfZg�E��W���������lZ[e�����Zg�����E_\bg�<� Y���������lZ[e�
�������Zg�������

13. :fnb[hebl� K_eygdbgkdhc� lhesb�� h[j��B������������� aZiZ^g__� ha�
;��Brdmev��jh]. h[f��fZ]g_abZevgZy�]Zklbg]kblh\Zy��;Z`_gh\�:��=��
^j���������lZ[e�����Zg�����

14. N_gblbabjh\Zgguc� Zfnb[hebl�� h[j�� �����s_[_ghqg�� d�_j� \�Rbjh-
dhf�eh]m��L������ k_\��aZi�� wdahdhglZdl�fbZkdblh\h]h�fZkkb\Z��:gZ-
eblbd�@^Zgh\Z�L��E���]Zklbg]kbl��E_\bg�<��Y���������lZ[e���������Zg�

20).
15. D\Zjp�ihe_\hriZlh\uc� i_]fZlbl� k� hjlblhf� b� fZ]g_lblhf�� h[j�

D������dhiv������aZi��kdehg�Bevf_gkdh]h�oj���]Zklbg]kbl��E_\bg�<��Y��

������lZ[e���������Zg������

16. F_eZghdjZlh\uc�Zfnb[heh\uc�n_gbl��h[j��F���������s_[_ghqguc

dZjv_j� k�\� ihk�� Kljhbl_e_c� \� hdj�� ]��FbZkkZ�� :gZeblbd� A\hgZj_�

\Z�=� D���]Zklbg]kbl�fZ]g_abZevguc��;Z`_gh\�:��=���^j���������LZ[e�
���Zg�����

17. D_jg�kd\Z`bgu� ���\hae_�fhklZ�m�\hjhl� aZih\_^gbdZ��h[j�� ���o��x�\
wg^hdhglZdl�fZkkb\Z��]Zklbg]kbl��E_\bg�<� Y���������lZ[e���������Zg�
28).

18. =jZgblguc� fb]fZlbl�� h[j��F��������r�� k� \_jrbgu� ]�� Djm]ehc�� \

\_joh\vyo� j��K_eygdb�� �]Zklbg]kbl� fZ]g_abZevguc�� ;Z`_gh\�:� =��
^j���������
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19. Fb]fZlblu� AZiZ^gh]h� ihykZ�� h[j�� ���²���� aZiZ^guc� kdehg� Bev-
f_gkdh]h�oj_[lZ� �jh]. h[f��fZ]g_abZevgZy�]Zklbg]kblh\Zy��;Z`_gh\
:� =���^j���������lZ[e�����Zg�����

20. KbebdZlgh�dZj[hgZlgu_�ihjh^u� \� wdahdhglZdl_�fbZkdblh\h]h�fZk-
kb\Z��gh\uc�s_[_ghqguc�dZjv_j�\�hdj��]��FbZkkZ��jh]. h[f��dZeb_\Zy
nlhjfZ]g_abh]Zklbg]kblh\Zy��;Z`_gh\�:� =���������

21. Dhjmg^kh^_j`Zsbc� Zfnb[hebl�� ih^gh`b_� k_\_jgh]h� kdehgZ� KZ-
\_evdmevkdhc�khidb��x�\�[_j_]�ha��;��FbZkkh\h��fZ]g_abhkZ^ZgZ]Zbl�

Iheydh\�<� H���^j���������
22. Nbjkbl��kdZevgh_�h[gZ`_gb_�\�e_\hf�[_j_]m�j��>_fb^h\db��\hklhq-

guc� wdahdhglZdl� fbZkdblh\h]h� l_eZ�� :gZeblbd� ;Z`_gh-
\Z�E� N���kZ^ZgZ]Zbl��;Z`_gh\�:��=���^j���������lZ[e�������Zg�����

23. S_ehqghc� kb_gbl�� ij�� ������� f_klh� hl[hjZ� ijh[u� \� jZ[hl_� g_

mdZaZgh�� :gZeblbd� Djbgh\Z� L�� <�� �dZebcn_jjbkZ^ZgZ]Zbl�� ;Z`_�

gh\�:��=���^j���������lZ[e�����Zg�����

24. S_ehqghc�kb_gbl��ij��F�������f_klh�hl[hjZ�ijh[u�\�jZ[hl_�g_�mdZ-
au\Z_lky��:gZeblbd�Djbgh\Z�L� <���dZebcn_jjbkZ^ZgZ]Zbl��;Z`_gh\
:� =���^j���������lZ[e�����Zg�����

25. FbZkdbl�� kdZevgh_� h[gZ`_gb_� �h[g�� �����`�� \� e_\hf� [hjlm

j�� >_fb^h\db�� \hklhqg�� wdahdhglZdl� fbZkdblh\h]h� l_eZ��:gZeblbd

;Z`_gh\Z�E� N�� �]Zklbg]kbl��E_\bg�<� Y��� ������lZ[e�� �������Zg�� ���
;Z`_gh\�:� =���^j���������gbadhdj_fgb_\uc�ZgZeh]�]Zklbg]kblZ��lZ[e�
�����Zg�����

26. :fnb[heh\Zy� �Zdlbgheblh\Zy�� ihjh^Z�� dhiv� �����x`g__�;bldmeh\-
kdhc�dmjvb��ha��;��Brdmev��:gZeblbd�:fhkh\�:� ;���Zdlbghebl��Kb-
fhgh\�:��B���������lZ[e�����Zg�����

27. G_[hevrZy� ebgaZ� f_lZmevljZ[Zablh\� � \� Zfnb[heblZo� Bevf_gh�
]hjkhdc�lhesb��dhiv������k_\_jh�\hklhqguc�[_j_]�ha��Bevf_gkdh]h�

:gZeblbd� ;mlhjbgZ� :� <�� �lj_fhebl�� ;Z`_gh\� :� =��� ^j��� �����
lZ[e�����Zg�����

28. :fnb[he�d\Zjp_\Zy�ebgahqdZ�\�ibjhdk_gh\hf�kb_gbl_��aZi��wdahdhglZdl
fbZkdblh\h]h� fZkkb\Z��Fbdjhahg^h\. ZgZeba�� ZgZeblbd� Qmjbg� ?� B�
�n_jjhZdlbghebl��;Z`_gh\�:� =���^j���������lZ[e���� Zg� 2).

29. :fnb[hebl� bevf_gh]hjkdhc� lhesb�� h[j��B���������� kj_^gyy� qZklv
Bevf_gkdh]h�aZih\_^gbdZ��Zfnb[he��;Z`_gh\�:� =���^j���������lZ[e�
���Zg�����

30. :ghjlblh\uc�Zfnb[hebl��h[j�� �������kj_^b�djbklZeehkeZgp_\�bev-
f_gh]hjkdhc� lhesb�� \� ���� df�x`g__�Gyr_\kdh]h�fZkkb\Z��x�a� ha�

;��FbZkkh\h� �jh]. h[f���;Z`_gh\�:� =���^j���������ijbeh`�� I—II ��Zg�
�����;Z`_gh\�:� =���^j���������lZ[e�����Zg�����

31. Dhiv� ���� ²� kdZiheblh\Zy�� H[j���� ����II ��Fbdjhahg^h\. ZgZeba�
ZgZeblbd�Qmjbg�?� B��FZl_jbZeu�Ihih\Z�<� :���\�ZgZeba_�ijbkmlkl-
\m_l�ZnO =��������n_jjbfZ]g_abh]hjg[e_g^bl��^��Z���

32. :ghjlblh\uc� Zfnb[hebl�� h[j��M������ kj_^b� d\Zjpblh\� kZblh\kdhc
lhesb��aZiZ^g__�^��MjZa[Z_\h��\hklhqg��hdjZbgZ�Bevf_gkdh]h�aZih-
\_^gbdZ��Fbdjhahg^h\. ZgZeba�� ZgZeblbd� Qmjbg� ?� B��� �q_jfZdbl�
Dhjbg_\kdbc�<� =���^j���������
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33. =jZgZl�phbablh\uc�Zfnb[hebl��ij��������I-2)��LZf�`_��Fbdjhahg^h-
\uc�ZgZeba��ZgZeblbd�Dhleyjh\�<� :���^��Z���

34. :fnb[hebl�� ij�� ������ d� k_\_jm� hl� kebygby� jj�� ;_ehc� b�Gyr_\db�
Bevf_gh]hjkdZy�k\blZ��:gZeblbd�P_ebdh\Z�G� :�� �jh]. h[f���>hfb-
gbdh\kdbc�=� =���������lZ[e�����Zg�����E_\bg�<��Y���������lZ[e��������
Zg�����

35. :fnb[hebl� \brg_\h]hjkdhc� �nbjkh\kdhc�� lhesb�� h[j��B���������
x`g__�ha��;��Brdmev� �jh]. h[f�� q_jfZdblh\Zy��;Z`_gh\�:� =���^j��
������lZ[e�����Zg�����

36. :fnb[hebl�k�[bhlblhf� � �Zggblhf���ij��F���������hihjguc�jZaj_a

q_j_a�Bevf_gh]hjkdbc�dhfie_dk�ih�EWI��jh]. h[f���Dml_ih\Z�E� :��
^j���������lZ[e�����Zg�����

37. :fnb[he�ibjhdk_g�ihe_\hriZlh\uc�i_]fZlbl�gZ�\hklhqghf�kdehg_
Bevf_gkdh]h�oj_[lZ��\���o�df�gZ�x]h�\hklhd�hl�^��K_eygdbgh��:gZ-
eblbd�Ihklh_\Z�G� =��������]���jh]. h[f���JhlfZg�E� W�������� lZ[e����
Zg����

38. :fnb[he�ibjhdk_gh\uc� n_gbl�� h[j�� B������������� p_gljZevgZy
s_ehqgZy� ihehkZ�� k_\_jh�\hklhqg__� ^�� K_eygdbgh� �jh]�� h[f���B\Z-
gh\�;� G���^j���������lZ[e�����Zg�����

39. Neh]hibl�Zfnb[heh\uc� n_gbl�� s_[_ghqguc� dZjv_j� k_\_jh�

\hklhqg__� i�� Kljhbl_e_c� \� hdj�� ]�� FbZkkZ�� :gZeblbd� Kfbjgh-
\Z�H� :���jbol_jbl��;Z`_gh\�:� =���^j���������lZ[e�����Zg�����

40. :ih]bi_j[Zablu�s_ehqguo�f_lZkhfZlblh\��dhiv�����x�\�Q_j_frZg-
kdh]h�lhjnygbdZ��nlhjjbol_jbl��;Z`_gh\�:� =���^j���������

41. Ibjhdk_g�Zfnb[heh\uc�n_gbl��B��������[��\����f�d�aZiZ^m�hl�d\Zj-
lZevgh]h� klhe[Z� ������� k�k�a� [_j_]� ha�� ;�� Brdmev�� :gZeblbdb

�=m[_jgZlhjh\Z�A� >��b�^j���jh]. h[f���B\Zgh\�;��G���^j���������lZ[e����
Zg������Zfnb[he��Jhg_gkhg�;� F���^j���������lZ[e�����Zg�����

42. :fnb[hebl�n_gblbabjh\Zgguc��\_joh\v_�Mkdh\Z�dexqZ��h[g��������
\hklhqguc� wdahdhglZdl� fZkkb\Z� �fZ]g_abhdZlZnhjbl��E_\bg�<� Y��
������lZ[e���������Zg������

43. :fnb[heh\uc�n_gbl�� h[j��B��������\�� k_\_jh�\hklhqg__� ^��K_eyg-
dbgh� �fZ]g_abhn_jjbdZlhnhjbl�� ;Z`_gh\�:� =��� ^j��� ������ lZ[e�� ��
Zg�����

44. I_]fZlbl�\� ]jmii_� ���o�dhi_c�� k�\�hljh]� ]��Nbjkh\hc� �fZ]g_abh]Z-
klbg]kbl��JhlfZg�E� W���������lZ[e�����Zg�����

45. Kb_gbl�� h[j�� ����� h[g�� ������� x�a� wg^hdhglZdl� Bevf_gh]hjkdh]h
s_ehqgh]h�fZkkb\Z� �]Zklbg]kbl��E_\bg�<� Y���������lZ[e�� �������Zg�
23).

46. :fnb[heh\uc�n_gbl��h[j��L<�����x�\�dhglZdl�Bevf_gkdh]h�fbZkdb-
lh\h]h� fZkkb\Z�� :gZeblbd� =ZedbgZ� G� B�� �lZjZfbl�� ;Z`_�

gh\�:��=���^j���������lZ[e�����Zg�����

47. FbZkdbl�� h[g�� ������ d� k_\_jm� hl� j�� ;_ehc�� \hklhqgh_�fbZkdblh\h_
l_eh��]Zklbg]kbl��E_\bg�<� Y����������lZ[e���������Zg������

48. FbZkdbl� Zfnb[heh\uc� `bevguc�� ij�� L<�VII �>�� \h^hijh\h^gZy
ljZgr_y�\� ����f� k_\_jg__�gh\h]h� a^Zgby�fma_y�Bevf_gkdh]h� aZih-
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\_^gbdZ�� :gZeblbd� A\hgZj_\Z� =� D�� �lZjZfbl�� ;Z`_gh\� :� =��� ^j��
1988).

49. E_cdhdjZlh\uc�Zfnb[heh\uc�n_gbl��h[j��B����������\hklhqgZy�ihehkZ
r_ehqguo�ihjh^��x�\�ha��;��Brdmev��:gZeblbd�=ZedbgZ�G� B���]Zklbg]-
kbl�fZ]g_abZevguc��;Z`_gh\�:� =���^j����������lZ[e�����Zg�����

50. @bedZ� Zevibckdh]h� lbiZ�� h[j�� B������������� k_\_jh�\hklhqg__
^�� K_eygdbgh�� :gZeblbd� ;mlhjbgZ� :� <�� �n_jjb\bgqbl�� ;Z`_-
gh\�:� =���^j���������lZ[e�����Zg�����

51. Jh]h\hh[fZgdh\h�fZ]g_lblh\uc� fbdjhd\Zjpbl�� h[j�� ������Z�� H[moh\-
kdbc�mqZklhd��k_\_jg__�l_jjblhjbb�B=A��²�ijh^he`_gb_�k_eygdbgkdh-
]h� [ehdZ� gZ� rbjhl_� ha�� FZe�� :]Zj^yr�� :gZeblbd

Djbgh\Z�L� <��b�^j���jh]. h[f���JZkkdZah\Z�:��>���^j��������lZ[e�����Zg�����
52. D\Zjp�ihe_\hriZlh\Zy�`beZ� kh�rebjZfb�fZ]g_lblZ� b� jh]h\hc� h[-

fZgdb��h[j�� ����jZchg�dhib� ����e_\h[_j_`v_�j��Gyr_\db��:gZeblbd

Ihklh_\Z� G� =��� ����� ]� �fZ]g_abh]Zklbg]kbl� �� ���� Jhl�

fZg�E� W���������lZ[e�����Zg�����
53. :fnb[heh\uc� n_gbl�� B����������� ijbf_jgh� \� �� df� gZ� aZiZ^� hl

d\ZjlZevgh]h�klhe[Z��������aZiZ^guc�[_j_]�ha��;��Brdmev��:gZeblb-
db�=m[_jgZlhjh\Z�A� >��b�^j���Zfnb[he��B\Zgh\�;� G���^j���������lZ[e�
��� Zg�� ��� Jhg_gkhg� ;�� F��� ������ n_jjb[ZjjmZabl�� ;Z`_�

gh\�:� =���^j���������lZ[e�����Zg�����
54. :ev[bl�fbdjhdebgh\uc� n_gbl� \� aZiZ^ghf� wdahdhglZdl_� fbZkdb�

lh\h]h� fZkkb\Z��x`gZy� hdhg_qghklv� hljh]Z�FZe��Bevf_gu��s_[_-
ghqguc�dZjv_j�\�hdj��]��FbZkkZ��:gZeblbd�Djbgh\Z�L� <���nlhjfZ]-
g_abhZjn\_^khgbl��;Z`_gh\�:� =��b�^j���������������

55. @bedb� \� n_gblbabjh\Zgghf� ieZ]bh]g_ck_�� dhiv� ���� k_\_jg__
`_e��^hj��ieZlnhjfu� ©�����dfª��:gZeblbd�;mlhjbgZ�:� <�� �fZ]g_-
abhjb[_dbl��;Z`_gh\�:� =���^j���������lZ[e�����Zg�����

56. F_lZmevljZ[Zabl��h[j�� �������dhiv� �����k_\_jh�\hklhqguc�[_j_]�ha�
Bevf_gkdh]h��;Z`_gh\�:��=��b�^j��������

57. Dmffbg]lhgblh\uc� Zfnb[hebl�� h[j�� Bd��������� ha� ;�� FbZkkh\h�
x`guc�[_j_]�aZeb\Z�Aujygh\dZ��Dhjbg_\kdbc�<��=���������

58. Dmffbg]lhgblh\uc�djbklZeehkeZg_p��h[j��Bd���������lZf�`_�
59. Dmffbg]lhgblh\uc�Zfnb[hebl��h[j��Bd���������lZf�`_�
60. :fnb[hebl��h[j��������;Z`_gh\�:��=��b�^j���������
61. =jZgZlh\uc� Zfnb[hebl�� h[j�� �����I-��� djZc� a_jgZ�� hdjZbgZ

^��MjZa[Z_\h��gZrb�^Zggu_��

62. =jZgZl�kdZihebl�Zfnb[heh\Zy�ihjh^Z��h[j��G�,�� ���ba�rmjnZ�gZ� aZ-
iZ^ghf�[_j_]m�ha��DZjZkv_��m�^hjh]b�gZ�ha��>_fb^h\kdh_��gZrb�^Zg-
gu_��

63. Lh�`_��G�,,����lZf�`_�
64. Lh�`_��G�,,����lZf�`_�
65. Lh�`_��G�,9����lZf�`_�
66. Lh�`_��G�,,,����lZf�`_�
67. Ibjhdk_g�Zfnb[heh\uc�n_gbl��h[j��B������������ k_\_jh�\hklhqg__

^��K_eygdbgh��B\Zgh\�;��G��b�^j��������

68. I_]fZlbl��h[j�����,,,�dhiv��jZchg����dhi_c��JhlfZg�E��W��������
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69. :fnb[hebl��h[j�� �����\� ����df�d� aZiZ^m�hl�Gyr_\kdhc�dmjvb� �Jhl-
fZg�E��W��������

70. ;bhlbl�Zfnb[heh\uc�ieZ]bh]g_ck��h[j��D������x`gZy�qZklv�dhfie_dkZ�
k_\_jh�\hklhqg__�ha��Bevf_gkdh]h��IZgdh\�X��>��������

71. =jZgZl�kdZihebl�Zfnb[heh\Zy� ihjh^Z�� h[j��G�,���� ba�rmjnZ� gZ� aZ-
iZ^ghf�[_j_]m�ha��DZjZkv_��m�^hjh]b�gZ�ha��>_fb^h\kdh_��gZrb�^Zg-
gu_��

72. Lh�`_��G�,,����lZf�`_�
73. :fnb[hebl�n_gblbabjh\Zgguc��h[j�������L������s_[_ghqguc�dZjv-

_j�\�Rbjhdhf�eh]m��k_\_jh�aZiZ^guc�wdahdhglZdl�fZkkb\Z� �JhlfZg

E��W���������

74. ;bhlbl�Zfnb[heh\uc� ieZ]bh]g_ck�� h[j�� ������ x`gZy� qZklv� dhf-
ie_dkZ��k_\_jh�\hklhqg__�ha��Bevf_gkdh]h��E_\bg�<��Y���������

75. Fb]fZlbl��h[j�� ������ aZiZ^guc�kdehg�Bevf_gkdh]h�oj_[lZ�b�hljh]
Bevf_gkdbc��;Z`_gh\�:��=��b�^j��������

76. N_gbl�Zfnb[heh\uc��h[j��F���������k_\_jh�aZiZ^guc�dhglZdl�fbZ-
kdblh\h]h�fZkkb\Z�� k_\_jh�\hklhqg__�i��Kljhbl_e_c� �;Z`_gh\�:�� =�� b

^j���������

77. ;bhlbl�Zfnb[heh\uc�n_gbl��h[j��F��������]��k_\_jgh_�h[jZfe_gb_

fZkkb\Z��aZiZ^g__�ha��;��FbZkkh\h��;Z`_gh\�:��=��b ^j���������
78. Nbjkbl�h[j��[�g��\hklhqguc�dhglZdl�fZkkb\Z��j��;_eZy��;Z`_gh\�:��=��b

^j���������

79. KZg^ubl��h[j�� ��k��k_\_jgZy�qZklv�fZkkb\Z��\_joh\vy�jmqvy�Kmoh]h
�;Z`_gh\�:��=��b�^j��������

80. FbZkdbl��h[j���������x]h�\hklhqguc�kdehg�]��;_ehc��\hklhqgh_�fbZ-
kdblh\h_�l_eh��\hklhqguc�dhglZdl�fZkkb\Z��;Z`_gh\�:��=���E_\bg�<�

Y�b�^j��������

81. N_gbl�� h[j�� ����� kd\�� ���x]h�\hklhqguc� djZc�K_\_jh�Bevf_gkdh]h
lhjnygbdZ��\hklhqguc�wdahdhglZdl�fZkkb\Z �E_\bg�<��Y���������

82. FbZkdbl�� h[j�� ������� \hklhqgh_� fbZkdblh\h_� l_eh�� \_joh\vy

j��;_ehc��;Z`_gh\�:��=���E_\bg�<��Y�b�^j���������

83. Lh�`_��h[j���������lZf�`_�
84. FbZkdbl��h[j��������j��\_joh\v_�Mkdh\Z�dexqZ��\hklhd�fbZkdblh\h-

]h�fZkkb\Z��EbiZlh\�<��G���;Z`_gh\�:��=���E_\bg�<��Y�b�^j���������

85. Fb]fZlbl�� h[j��F��������]�� kj_^gyy� qZklv� dhfie_dkZ�� fb]fZlblu

aZiZ^ghc�ihehku��;Z`_gh\�:��=��b�^j�������

86. Lh`_�� h[j�� B���������� Brdmevkdbc� oj_[_l� �B\Zgh\� ;�� G�� b� ^j��
1979).

87. Nbjkbl��h[j�� �������rmjn� ������� d� k_\_jm�hl�j��;_ehc�� \hklhqguc
wdahdhglZdl�fZkkb\Z��;Z`_gh\�:��=���E_\bg�<��Y��b�^j��������

88. Lh� `_�� h[j�� �����`�� k_\_jh�\hklhqgh_� \udebgb\Zgb_� fZkkb\Z�
j��>_fb^h\dZ��;Z`_gh\�:��=��b�^j���������

89. D\Zjp�dZj[hgZl�Zfnb[heh\Zy�ebgaZ�\�ibjhdk_gh\hf�kb_gbl_��h[j����
aZiZ^guc� wdahdhglZdl�fbZkdblh\h]h�fZkkb\Z� �;Z`_gh\�:��=��b�^j��

1999).
90. Lh�`_��h[j���Z��lZf�`_�
91. :fnb[hebl��h[j�����Z�,����hdjZbgZ�^��MjZa[Z_\h��gZrb�^Zggu_��
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92. Lh�`_��h[j�����Z�,����lZf�`_�
93. Lh�`_��h[j�����Z�,,����lZf�`_�
94. Lh�`_��h[j�����Z�,,����lZf�`_�
95. Lh�`_��h[j�����Z�,,����lZf�`_�
96. Lh�`_��h[j�����Z�,,,����lZf�`_�
97. Lh�`_��h[j�����Z�,,,����lZf�`_�
98. Lh�`_��h[j�����Z�,,,����lZf�`_�
99. Lh�`_��h[j�����Z�,,,����lZf�`_�
100. :fnb[he�ieZ]bhdeZah\Zy�ihjh^Z��h[j����������,����lZf�`_�
101. Lh�`_��h[j����������,����lZf�`_�
102. Lh�`_��h[j����������,����lZf�`_�
103. Lh�`_��h[j����������,����lZf�`_�
104. Lh�`_��h[j����������,����lZf�`_�
105. Lh�`_��h[j����������,,����lZf�`_�
106. Lh�`_��h[j����������,,����lZf�`_�
107. Lh�`_��h[j����������,,����lZf�`_�
108. Lh�`_��h[j����������,,����lZf�`_�
109. Lh�`_��h[j����������,,����lZf�`_�
110. Lh�`_��h[j����������,,����lZf�`_�
111. Lh�`_��h[j����������,,����lZf�`_�
112. Lh�`_��h[j����������,,����lZf�`_�
113. Lh�`_��h[j����������,,,����lZf�`_�
114. Lh�`_��h[j����������,,,����lZf�`_�
115. Lh�`_��h[j����������,,,����lZf�`_�
116. Lh�`_��h[j����������,,,����lZf�`_�
117. Lh�`_��h[j����������,,,����lZf�`_�
118. Lh�`_��h[j����������,,,����lZf�`_�
119. :fnb[he�ieZ]bhdeZah\Zy�ihjh^Z��h[j����������,9����lZf�`_�
120. Lh�`_��h[j����������,9����lZf�`_�
121. Lh�`_��h[j����������,9����lZf�`_�
122. Lh�`_��h[j����������,9����lZf�`_�
123. Lh�`_��h[j����������,9����lZf�`_�
124. Lh�`_��h[j����������,9����lZf�`_�
125. Lh�`_��h[j����������,9����lZf�`_�
126. Lh�`_��h[j����������,9����lZf�`_�
127. Lh�`_��h[j����������,9����lZf�`_�
128. Lh�`_��h[j����������,9�����lZf�`_�
129. :fnb[hebl��h[j�����Z�,,,����lZf�`_�
130. Lh�`_��h[j�����Z�,,,����lZf�`_�
131. :ghjlblh\uc�Zfnb[hebl��h[j������[��\hklhqg__ ha��Brdmev� �;Z`_-

gh\�:��=��b�^j��������

132. Lh�`_��h[j��������lZf�`_�
133. :fnb[heh\Zy�ihjh^Z��h[j�� �����dhiv� �����x`g__�;bldmeh\kdhc�dm-

jvb�ha��;��Brdmev��Kbfhgh\�:��B���������

134. :fnb[hebl�� h[j��B��������[�� aZiZ^g__� b�x]h�aZiZ^g__� ha�� ;��Br-
dmev��;Z`_gh\�:��=��b�^j���������
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135. Lh�`_��h[j��B��������[�� \brg_\h]hjkdZy� lhesZ��x`g__�ha��;��Br-
dmev��;Z`_gh\�:��=��b�^j���������

136. Lh� `_�� h[j�� K�������� kj_^gyy� qZklv� aZih\_^gbdZ�� bevf_gh]hjkdZy
lhesZ��;Z`_gh\�:��=��b�^j���������

137. Lh�`_��h[j��������lZf�`_�
138. =jZgZlh\uc�Zfnb[hebl��h[j��B����������;Z`_gh\�:��=��b�^j���������
139. :fnb[hebl�� h[j�� ij�� ������ \� ���� df� d� k_\_jh�\hklhdm� hl� dhj^hgZ

©Lmj]hydª�� aZiZ^guc� kdehg� Bevf_gkdh]h� oj_[lZ� �>hfbgbdh\k-
dbc�=��=��b�^j���������

140. :ih^bZ[Zah\uc�]jZgZlh\uc�Zfnb[hebl��h[j��������,,����dhiv������ih
ijhk_d_� ������ hl� d\ZjlZevgh]h� klhe[Z� ������������ ���� f� gZ� x]h�

aZiZ^��gZrb�^Zggu_��

141. Lh�`_��������,,,����lZf�`_�
142. Lh�`_��������,,,����lZf�`_�
143. Lh�`_��������,,,����lZf�`_�
144. Lh�`_��������,����lZf�`_�
145. Lh�`_��������,����lZf�`_�
146. =jZgZl�Zfnb[he�oehjblh\Zy� ihhjh^Z�� h[j�� M������i,� hdj_klghklb

^��MjZa[Z_\h��Dhjbg_\kdbc�<��=��������

147. :fnb[hebl��h[j��M������qj��lZf�`_�
148. :fnb[he�]jZgZl�oehjblh\Zy� ihjh^Z�� h[j�� ������� \� ���� df� k_\_jg__

aZiZ^ghc�hdjZbgu�^��MjZa[Z_\h��Dhjbg_\kdbc�<��=���������

149. Lh�`_���������lZf�`_�
150. Lh�`_���������lZf�`_�
151. Lh�`_���������lZf�`_�
152. =jZgZl�phbablh\uc� Zfnb[hebl�� h[j�� �����,���� \� ���� df� d� k_\_jm� hl

aZiZ^ghc�hdjZbgu�^��MjZa[Z_\h��gZrb�^Zggu_��

153. Lh�`_�������,����lZf�`_�
154. =jZgZlh\uc�Zfnb[hebl�oehjblbabjh\Zgguc��h[j�������,����lZf�`_�
155. Lh�`_�������,����lZf�`_�
156. Lh�`_�������,����lZf�`_�
157. =jZgZlh\uc�Zfnb[hebl�oehjblbabjh\Zgguc��h[j�������I,����lZf�`_�
158. Lh�`_�������,I����lZf�`_�
159. Lh�`_�������,����lZf�`_�
160. Lh�`_��������lZf�`_�
161. =jZgZlh\uc� Zfnb[hebl�� h[j�� ��������� ha�� LZldmev�� Af_bgZy� ]hjdZ

�gZrb�^Zggu_��

162. Lh�`_�����������lZf�`_�
163. Lh�`_�����1�����lZf�`_�
164. =jZgZl�Zfnb[he�oehjblh\Zy� ihjh^Z�� h[j�� �������� \� �.5� df� k_\_jg__

^��MjZa[Z_\h��gZrb�^Zggu_��

165. Lh�`_����������lZf�`_�
166. Lh�`_����������lZf�`_�
167. Lh�`_����������lZf�`_�
168. Lh�`_����������lZf�`_�
169. Lh�`_����������lZf�`_�
170. Lh�`_����������lZf�`_�
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171. Lh�`_����������lZf�`_�
172. Lh�`_����������lZf�`_�
173. Lh�`_����������lZf�`_�
174. Lh�`_����������lZf�`_�
175. Lh�`_����������lZf�`_�
176. Lh�`_����������lZf�`_�
177. =jZgZlh\uc�Zfnb[hebl�oehjblbabjh\Zgguc��h[j�������,,����lZf�`_�
178. Lh�`_�������,,����lZf�`_�
179. Lh�`_�������,,����lZf�`_�
180. Lh�`_�������,,����lZf�`_�
181. Lh�`_�������,,����lZf�`_�
182. Lh�`_�������,����lZf�`_�
183. Lh�`_�������,����lZf�`_�
184. Lh�`_�������,����lZf�`_�
185. Lh�`_�������,����lZf�`_�
186. Lh�`_�������,����lZf�`_�
187. Lh�`_�������,����lZf�`_�
188. =jZgZlh\uc� Zfnb[hebl�� h[j�� ��������� jZchg� ha�� LZldmev�� Af_bgZy

]hjdZ��gZrb�^Zggu_��

189. =jZgZl�Zfnb[he�oehjblh\Zy� ihjh^Z� �� h[j�� �������� \� ���� df� k_\_jg__
^��MjZa[Z_\h��gZrb�^Zggu_��

190. Lh�`_��h[j����������lZf�`_�
191. :fnb[heh\Zy� ihjh^Z�� h[j�� ����� kj_^gyy� qZklv� dhfie_dkZ� x]h�

aZiZ^g__�ha��;��FbZkkh\h��;Z`_gh\�:��=��b�^j���������

192. :fnb[he�]jZgZl�oehjblh\Zy�ihjh^Z��h[j��M�������\�����df�k_\_jg__�aZ-
iZ^ghc�hdjZbgu�^��MjZa[Z_\h��Dhjbg_\kdbc�<��=���������

193. :fnb[hebl��h[j��B������������x`g__�ha��;��Brdmev��;Z`_gh\�:��=�
b�^j���������

194. :ih^bZ[Zah\uc� �"�� ]jZgZlh\uc� Zfnb[hebl�� h[j�� ������9,,���� dhiv
���� ih� ijhk_d_� ������ hl� d\ZjlZevgh]h� klhe[Z� ������������ ���f� gZ

x]h�aZiZ^��gZrb�^Zggu_��

195. Lh�`_��h[j��������9,,����lZf�`_�
196. Lh�`_��h[j��������9,,����lZf�`_�
197. Lh�`_��h[j��������9����lZf�`_�
198. Lh�`_��h[j��������9����lZf�`_�
199. Lh�`_��h[j�������9����lZf�`_�
200. Lh�`_��h[j��������,9����lZf�`_�
201. Lh�`_��h[j��������,9����lZf�`_�
202. Lh�`_��h[j��������,9����lZf�`_�
203. Lh�`_��h[j��������,9����lZf�`_�
204. Lh�`_��h[j��������,9����lZf�`_�
205. Lh�`_��h[j��������9,����lZf�`_�
206. Lh�`_��h[j��������9,����lZf�`_�
207. Lh�`_��h[j��������9,����lZf�`_�
208. Lh�`_��h[j��������,,����lZf�`_�
209. Lh�`_��h[j��������,,����lZf�`_�
210. Lh�`_��h[j��������,����lZf�`_�
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211. :fnb[hebl��h[j��B���������� kj_^gyy�qZklv� aZih\_^gbdZ�� �bevf_gh-
]hjkdZy�lhesZ��;Z`_gh\�:��=��b�^j���������

212. ;bhlbl�Zfnb[heh\uc�ieZ]bh]g_ck�� h[j��B���������� k_\. qZklv� dhf-
ie_dkZ��x`g__�ha��;��Brdmev��;Z`_gh\�:��=��b�^j���������

213. Lh� `_�� h[j�� D������ kj_^gyy� qZklv� dhfie_dkZ�� x]h�aZiZ^g__
ha��;��FbZkkh\h��;Z`_gh\�:��=��b�^j���������

214. :fnb[hebl��h[j�������\�����df�d�k_\_jh�\hklhdm�hl�dhib�����dZgZ\Z
�����jZaj_a�:il_dZjkdbc�Eh]±Dhku_�]hju��E_\bg�<��Y���������

215. Lh�`_��h[j��B������������x`g__�ha��;��Brdmev�ba�\brg_\h]hjkdhc
�nbjkh\kdhc��lhesb��;Z`_gh\�:��=��b�^j���������

216. N_gbl��h[j��������aZiZ^guc�wdahdhglZdl�Bevf_gkdh]h�fbZkdblh\h]h
fZkkb\Z��;Z`_gh\�:��=��b�^j���������

217. :fnb[he�ibjhdk_gh\uc�n_gbl��h[j��B������������k_\_jh�\hklhqg__
^��K_eygdbgh��;Z`_gh\�:��=��b�^j���������

218. Lh�`_��h[j��B�������������lZf�`_�
219. Lh�`_��h[j����������hljh]�F��Bevf_gkdbc��k_\_jg__�ihk��Kljhbl_e_c

�B\Zgh\�;��G��b�^j���������

220. :fnb[hebl�n_gblbabjh\Zgguc��h[j����������\_joh\v_�Mkdh\Z�dex-
qZ��\hklhqguc�wdahdhglZdl�fZkkb\Z��;Z`_gh\�:��=��b�^j���������

221. ;bhlbl�Zfnb[heh\uc� n_gbl�� h[j�� L<����� x]h�\hklhqguc� wdahdhg-
lZdl�fbZkdblh\h]h�fZkkb\Z��;Z`_gh\�:��=��b�^j���������

222. Lh�`_��h[j��L<�����x]h�\hklhqguc�wdahdhglZdl�fbZkdblh\h]h�fZkkb-
\Z��;Z`_gh\�:��=��b�^j���������

223. FbZkdbl� Zfnb[heh\uc�� h[j�� ����� k\h^h\Zy� qZklv� fZkkb\Z�� x]h�
\hklhqguc�kdehg�Bevf_gkdh]h�oj_[lZ��;Z`_gh\�:��=��b�^j���������

224. FbZkdbl� [bhlbl�Zfnb[heh\uc�� h[j�� �������� aZiZ^guc� kdehg� Bev-
f_gkdh]h�oj_[lZ��k_\_jh�\hklhqg_c�hl�ihk��Kljhbl_e_c��;Z`_gh\�:�

=��b�^j���������

225. N_gbl� [bhlbl�Zfnb[heh\uc�� h[j�� L<����� x]h�\hklhqguc� wdahdhg-
lZdl�fbZkdblh\h]h�fZkkb\Z��;Z`_gh\�:��=��b�^j���������

226. FbZkdbl� Zfnb[heh\uc�� h[j�� ����� k\h^h\Zy� qZklv� fZkkb\Z�� x]h�
\hklhqguc�kdehg�Bevf_gkdh]h�oj_[lZ��;Z`_gh\�:��=��b�^j���������

227. FbZkdbl�Zfnb[heh\uc��h[j��L<����x]h�\hklhqguc�wdahdhglZdl�fZk-
kb\Z��;Z`_gh\�:��=��b�^j���������

228. FbZkdbl��h[j��������x`guc�kdehg�Bevf_gkdbo�]hj��;_eygdbg�>��K��
JhlfZg�E��W���������

229. N_gbl� Zfnb[heh\uc�� B��������\�� k_\_jh�\hklhqg__ ^�� K_eygdbgh
�;Z`_gh\�:��=��b�^j���������

230. @beZ� Zevibckdh]h� lbiZ� \� n_gbl_�� h[j�� ������ dhiv� ���

\���df�\hklhqg__�[Zau�aZih\_^gbdZ��;Z`_gh\�:��=��b�^j���������
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