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JhkkbckdZy�ZdZ^_fby�gZmd⋅MjZevkdh_�hl^_e_gb_
MjZevkdbc�fbg_jZeh]bq_kdbc�k[hjgbd��������������

<��=��Dhjbg_\kdbc

I?J<:Y�G:OH>D:�>J:<BL:
<�DJBKL:EEHKE:GP:O�BEVF?G

V. G. Korinevsky

THE FIRST FIND OF DRAVITE
IN CRYSTALLINE SHISTS OF ILMEN

On east beach of Zyrjanovka bay of Bol. Miassovo lake (Ilmen Nature
Reserve) in garnet-gedrite-biotite crystalline shists of amphibolite facies the
small crystalls of ferroan dravite at first discovered. The data of chemical and
X-ray analysis of dravite, Messbauer and IR-spectrum, drawing crystalls form
of dravite have been given. Dravite containing shists are product of metamor-
phism of magnesium boro containing pararocks.

>h� g_^Z\g_]h� \j_f_gb� mihfbgZgb_� h� ^jZ\bl_� \� Bevf_g-
kdbo� ]hjZo�bf_ehkv� ebrv� \� jmdhibkghc� jZ[hl_�:��B��Kbfhgh\Z

[4]��Lhevdh qlh�\ureZ�klZlvy�?��<��;_eh]m[�k�khZ\lhjZfb�[3]��]^_
ih� ^Zgguf� obfbq_kdbo� ZgZebah\� lmjfZebgh\� ba� ZfZahgblh\uo

]jZgblguo�i_]fZlblh\�Bevf_g�qZklv�bo�fh`gh�hlg_klb� d� k_jbb

^jZ\bl�r_je�� <� fma__� Bevf_gkdh]h� aZih\_^gbdZ� wdkihgbjm_lky

�[_a�ijb\yadb�b�mdZaZgby�bklhqgbdZ�ihklmie_gby��h[jZa_p�`bev-
gh]h�d\ZjpZ�k�^h\hevgh�djmigufb�djbklZeeZfb�q_jgh]h�lmjfZeb-
gZ��gZa\Zggh]h�^jZ\blhf��DZdb_�eb[h�k\_^_gby�h�gZoh^dZo�^jZ\b-
lZ�\�djbklZeebq_kdbo� keZgpZo�b�^jm]bo�f_lZfhjnblZo�bevf_gh-
]hjkdh]h�dhfie_dkZ�^h�kbo�ihj�\�ebl_jZlmj_�hlkmlkl\mxl�

<�ij_^_eZo�jZa\blby�ihjh^�durlufkdhc� lhesb�bevf_gh-
]hjkdh]h� f_lZfhjnbq_kdh]h� dhfie_dkZ� m� ha�� ;he��FbZkkh\h� gZ

\hklhqghf�ih[_j_`v_� aZeb\Z�Aujygh\dZ� Z\lhjhf�\� ����� ]��[ueb

h[gZjm`_gu� wex\bZevgu_� jZa\Zeu�`_^jblkh^_j`Zsbo� [bhlblh-
\uo�djbklZeehkeZgp_\�b�dmffbg]lhgblh\uo�Zfnb[heblh\�k� ]jZ-
gZlhf� beb� [_a� g_]h�� Ijhc^_ggZy� \� ����� ]�� dZgZ\Z� �dhiv� ����

\kdjueZ�wlb�ihjh^u�\�dhj_gghf� aZe_]Zgbb��K�ihfhsvx�g_[hev-
rbo�jZkqbklhd�\uykg_gh��qlh�gZ�ijhly`_gbb����f�k�x]h�aZiZ^Z�gZ

k_\_jh�\hklhd� a^_kv�h[gZ`_gZ�lhesZ�\b^bfhc�fhsghklvx�[he__

��� f� juoeuo� `_^jbl�[bhlblh\uo� djbklZeehkeZgp_\� k� j_^dbfb�

gh� djmigufb�� djbklZeeZfb� ibjhi�ZevfZg^bgZ� k�f_edbfb� \dex-
q_gbyfb�klZ\jheblZ�\�p_glj_�djbklZeeh\��Lhgdb_��hl�g_kdhevdbo
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^h� ���kf���g_j_^dh�[m^bgbjh\Zggu_�ih�iZ^_gbx��ijhkehb�\�gbo

keZ]Zxl� kms_kl\_ggh� dmffbg]lhgblh\u_� beb� h[uqgu_� jh]h\h-
h[fZgdh\u_�k�dmffbg]lhgblhf�Zfnb[heblu��Ih\_joghklb�[m^bg

hdjm`_gu�dZcfhc��]^_�ihy\eyxlky�djmigu_��^h���kf��ijbafu�dh-
jbqg_\h]h� `_^jblZ�� Ijbf_qZl_evgh�� qlh� [hevrbgkl\h� l_fgh-
p\_lguo� fbg_jZeh\� mdZaZgguo� ihjh^� �[bhlbl�� dmffbg]lhgbl�

`_^jbl��jh]h\Zy�h[fZgdZ�� y\eyxlky� kms_kl\_ggh�fZ]g_abZevgu-
fb�� � bo�`_e_abklhklv� j_^dh� ij_\urZ_l� ��� ���:� ieZ]bhdeZau� \

ihjh^Zo� hdZaZebkv� hq_gv� hkgh\gufb� �eZ[jZ^hj�[blh\gblu���Ih-
jh^u� bf_xl� ^h\hevgh� djmlh_� ���—50°��x]h�\hklhqgh_� iZ^_gb_
iehkdhkl_c�keZgp_\Zlhklb�b�ihehkqZlhklb��Ih�hkh[_gghklyf�ob-
fbq_kdh]h� b� fbg_jZevgh]h� khklZ\Z� ihjh^� _klv� hkgh\Zgby� iheZ-
]Zlv��qlh�gZ�ih[_j_`v_�Aujygh\db�h[gZ`Zxlky�ihjh^u��f_lZfhj-
nbah\Zggu_�\�mkeh\byo�\_jogbo�klmi_g_c�Zfnb[heblh\hc�nZpbb�

<� kl_gd_� dZgZ\u�� \kdju\r_c� iZqdm� [bhlblh\uo� djbklZe-
ehkeZgp_\� �kh[kl\_ggh� dhiv� ������ijbf_jgh� \� ��f�hl� __� k_\_jh�

aZiZ^gh]h�dhgpZ�kj_^b�juoeuo�\_jfbdmeblbabjh\Zgguo�`_^jbl�

b� ]jZgZlkh^_j`Zsbo� djbklZeehkeZgp_\� h[gZjm`_g� kh]eZkguc

ijhkehc�ih^h[guo�`_�djbklZeehkeZgp_\�fhsghklvx����kf�k�j_^-
dbfb� b� lhgdbfb� �f_g__� �� kf�� ijhieZkldZfb� f_edha_jgbkluo

dmffbg]lhgbl�ieZ]bhdeZah\uo� Zfnb[heblh\�� Bf_ggh� \� wlhf

ijhkeh_�b�\klj_q_gu�f_edb_���—��ff�\�^ebgm�b�^h���ff�lhesb-
ghc��dhjhldhijbafZlbq_kdb_�djbklZeeu�]_dkZ]hgZevgh]h�]Z[blm-
kZ� l_fgh�dhjbqg_\h]h�^jZ\blZ��Hgb� \ulygmlu�ih� keZgp_\Zlhklb

ihjh^u�b�jZkij_^_e_gu� \�g_c�^h\hevgh�jZ\ghf_jgh�� keZ]Zy� �—
�� �� __� h[t_fZ�� =jZgbpu� iZqdb� ^jZ\blkh^_j`Zsbo� djbklZe-
ehkeZgp_\�k�hdjm`Zxsbfb�keZgpZfb�g_j_adb_�

>jZ\blu�Bevf_g� h[gZjm`b\Zxl� lbih\u_� oZjZdl_jbklbdb

²�wlh�dhjbqg_\u_��©qZcgu_ª��hilbq_kdb�hljbpZl_evgu_�h^ghhk-
gu_�djbklZeeu�k�ihdZaZl_eyfb�ij_ehfe_gby���Q0=1.635, ne=1.614;
n0-ne �������H[eZ^Zxl�hlq_leb\uf�ie_hojhbafhf���l_fguf�[mjh�

a_e_guf� p\_lhf� ih� 10� b� k\_leh�`_eluf� —� ih� 1e��Fbdjhl\_j-
^hklv� q_luj_o� djbklZeeh\� ^jZ\blZ�� baf_j_ggZy� gZ� ijb[hj_

©'XULPHWª���f_gy_lky�\�ij_^_eZo�����—������d]k�ff2��qlh�aZf_lgh

\ur_�agZq_gbc��ijb\_^_gguo�\�[6].
DhjhldhijbafZlbq_kdb_�djbklZeeu�k�khhlghr_gb_f�^ebgu

b�ihi_j_qgbdZ� hdheh� � �� ���bf_xl� ohjhrh� knhjfbjh\Zggu_� ]h-
eh\db��Ih�baf_j_gbyf�gZ�klhebd_�N_^hjh\Z�<��:��Ihih\�mklZgh-
\be�gZebqb_�ke_^mxsbo�ijhkluo�nhjf��jbk�����\�djbklZeeZo�^jZ-
\blZ���U�^����`��]�^����`��P�^����`��D�^����`��Hilbq_kdb�djbklZe-
eu� ^jZ\blZ� ^hklZlhqgh� h^ghjh^gu�� g_� kh^_j`Zl� ihklhjhggbo

\dexq_gbc��g_�aZljhgmlu�\lhjbqgufb�baf_g_gbyfb�
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Jbk������DjbklZee�^jZ\blZ�ba�dhib�����

a {1120},  m {1010},  r {1011},  z {0111}.
________________________________________

Ih� obfbq_kdhfm� khklZ\m� �lZ[e�� ��

^jZ\blu�Bevf_g�hlghkylky�d�`_e_abkluf

jZagh\b^ghklyf�� GZ[ex^Z_lky� keZ[h� \u-
jZ`_ggh_� ahgZevgh_� jZkij_^_e_gb_� ]eZ\-
guo�dhfihg_glh\��DZd�b�\�^jZ\blZo�f_lZ-
fhjnbq_kdbo� lhes� Yihgbb� [6�� klj�� ���]
hl� y^jZ� d� i_jbn_jbb� hibku\Z_fuo� gZfb

djbklZeeh\� ^jZ\blh\� mf_gvrZxlky� kh-
^_j`Zgby� 6L22, Al2O3, Na22�� Khhl\_lkl-
\_ggh� \hajZklZxl� dhebq_kl\Z� )H2�� 0J2�

CaO.
F_kk[Zmwjh\kdbc� ki_dlj� ^jZ\blZ� �jbk�� ��� ihemq_g� b� ijh-

ZgZebabjh\Zg�:�� ;��Fbjhgh\uf� �BFbg�MjH� J:G�� gZ� ki_dljh-
f_lj_�FK������k�bklhqgbdhf�baemq_gby�Kh57�\�fZljbp_�5K��_kl_-
kl\_ggZy�rbjbgZ�ebgbb������ff�k��\�j_`bf_�ihklhygguo�mkdhj_-
gbc��Ki_dljhf_lj�hldZeb[jh\Zg�ih�klZg^Zjlghfm h[jZapm �gbljh-

LZ[ebpZ��

Obfbq_kdbc�khklZ\��fZk����djbklZeeh\�^jZ\blZ
�ijh[Z�BD���������ba�`_^jbl�[bhlblh\h]h�keZgpZ�dhib����

Dhfihg_glu DjbklZee�� DjbklZee��
Kj_^g__

ih���f

y^jh djZc y^jh djZc y^jZf

SiO2 36.21 35.88 36.25 36.29 35.92
TiO2 0.27 0.91 0.89 0.87 0.63
Al2O3 33.62 32.67 33.67 33.07 32.75
FeO 3.41 3.22 3.04 3.25 3.33
Fe2O3 0.83 0.77 0.74 0.79 0.81
MnO - 0.05 - 0.02 0.02
MgO 7.68 8.24 8.18 8.34 7.92
CaO 0.73 2.10 1.22 1.43 0.98
Na2O 2.00 1.73 1.83 1.75 1.94
K2O 0.03 0.06 0.09 0.06 0.05
F 0.08 - 0.16 - 0.06

Ijbf_qZgb_�� ZgZebau� \uiheg_gu�?��B��Qmjbguf� b�<��:��Fmn�

lZoh\uf�\�BFbg�MjH�J:G�gZ�-(2/��6XSHUSUREH������8 ���NY��, ���Q$�

AgZq_gby�)H2O3�b�)H2�hij_^_e_gu�ih�^Zgguf�f_kk[Zmwjh\kdh]h�ki_dljZ

^jZ\blZ��lZ[e�����



22

Jbk�����F_kk[Zmwjh\kdbc�ki_dlj�^jZ\blZ��ijh[Z�BD��������

ijmkkb^Z� gZljby�� IZjZf_lju� ki_dljZ� hij_^_e_gu� k� ihfhsvx

ijh]jZffu�0265()��Ki_dlj�^jZ\blZ�ij_^klZ\ey_l�kh[hc�kmi_j-
ihabpbx� lj_o� ^m[e_lh\� bhgh\� )H2+� �$�� %�� &�� b� h^gh]h� ^m[e_lZ

bhgZ�)H3+��'���M�^m[e_lh\�:��%�b�K�gZ[ex^Zxlky��lZ[e�����[ebadb_

agZq_gby� bahf_jgh]h� k^\b]Z� �����²�����ff�k��� gh� kms_kl\_ggh

jZagu_�²� d\Z^jmihevgh]h� jZks_ie_gby� ��.49; 1.9�� b� �.3��ff�k
khhl\_lkl\_ggh��� qlh� hl\_qZ_l� jZaguf� ihabpbyf� )H2+� \� j_r_ld_

^jZ\blZ���GZb[he__��aZk_e_gZ�bhgZfb�)H2+�kljmdlmjgZy�ihabpby�$�

LZ[ebpZ��

IZjZf_lju�f_kk[Zmwjh\kdh]h�ki_dljZ�^jZ\blZ��ijh[Z�BD��������
ba�`_^jbl�[bhlblh\uo�djbklZeehkeZgp_\�Bevf_g��dhiv�����

KljmdlmjgZy

ihabpby�bhgh\

)H��^m[e_l�

Bahf_jguc

k^\b]��ff�k

D\Z^jmihev-
gh_�jZks_i-
e_gb_��ff�k

RbjbgZ�

ff�k

Hlghkb-
l_evgZy

aZk_e_g-
ghklv�ih-
abpbb���

A (Fe2+) 1.22 2.49 0.26 61.5
B (Fe2+) 1.24 1.96 0.24 14.5
C (Fe2+) 1.21 1.34 0.22 6.0
D (Fe3+) 0.57 0.97 0.46 18.0
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qlh�khhl\_lkl\m_l�hdlZw^jbq_kdhc�ihabpbb�<�\�kljmdlmj_�lmjfZ-
ebgZ� [6�� klj�� ���]. DZd� b� \�`_e_abklhf� ^jZ\bl_�� bkke_^h\Zgghf
<��N�� ;_eh\uf� b� ^j�� [1]�� \� khklZ\_� bevf_gkdh]h� ^jZ\blZ� j_adh
ij_h[eZ^Zxl� bhgu� )_2+�� lh]^Z� dZd� \� ^jZ\blZo� ^jm]bo� j_]bhgh\

hkgh\gZy�jhev�ijbgZ^e_`bl�)_3+�>���klj�����²���]��<�gZr_f�kem-
qZ_�^hey�bhgh\� )_3+� �^m[e_l�'��lZ[e�� ���g_�ij_\urZ_l� ������Z�\

^jZ\bl_�ba�jZ[hlu�[1]�^m[e_l�)_3+�\hh[s_�g_�mklZgh\e_g��<b^bfh�

ih\ur_ggu_� dhebq_kl\Z� )_2H3�� hij_^_ey_fu_� kbebdZlguf� ZgZ-
ebahf�� h[mkeh\e_gu� hdbke_gb_f�`_e_aZ� ijb� ih^]hlh\d_� ijh[� d

bkke_^h\Zgbx��>Zggu_�f_kk[Zmwjh\kdbo� ki_dljh\� [��� ��b�gZrb]
k\b^_l_evkl\mxl�\�ihevam�lh]h��qlh�\�^jZ\blZo�hkgh\ghc�nhjfhc

gZoh`^_gby�`_e_aZ�y\eyxlky�bhgu�)H2+.
>bnjZdlh]jZffZ� ^jZ\blZ� ba� bevf_gh]hjkdbo� djbklZeeh�

keZgp_\� �lZ[e�� ���ijZdlbq_kdb�b^_glbqgZ�lZdh\hc�ba� [8, card 14-
76]��IZjZf_lju�_]h�we_f_glZjghc�yq_cdb�� �D0=15.942 Å; c0=7.190
Å; c0/a0=0.451; v= 1582.667 Å3� ��qlh�iheghklvx�khhl\_lkl\m_l�oZ-
jZdl_jbklbdZf�^jZ\blZ� [���klj�������nb]�� ��]. BD�ki_dlj�^jZ\blZ
�jbk�� ���� kgyluc�<�� ?�� ?j_fyr_\uf� gZ� ©6SHFRUG� ��� ,5ª�� oZjZd�

l_jbam_lky�l_fb�`_�ihehkZfb�ih]ehs_gby��qlh�b�m�^jm]bo�^jZ\b-
lh\�[6, klj�������nb]����].

Jbk�����BD�ki_dlj�^jZ\blZ��ijh[Z�BD��������
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LZ[ebpZ��

>bnjZdlh]jZffZ�^jZ\blZ��ijh[Z�BD��������
ba�`_^jbl�[bhlblh\uo�djbklZeehkeZgp_\�dhib����

d, Å I hkl d, Å I hkl d, Å I hkl
6.38 42 101 2.344 17 511 1.642 13 271
4.98 40 021 2.191 16 502 1.594 18 550
4.58 35 300 2.164 17 431 1.506 25 820
4.23 63 211 2.112 13 422 1.479 10 244
3.99 53 220 2.053 24 223 1.456 26 514
3.48 100 012 2.041 36 152 1.430 13 015
3.02 18 410 2.021 12 161 1.419 10 651
2.959 93 122 1.920 26 342 1.409 20 205
2.901 16 321 1.875 13 413 1.355 10 10.0.1
2.619 13 312 1.849 10 621
2.579 61 051 1.781 15 333
2.396 28 003 1.739 10 024
2.376 18 232 1.660 24 603

            Ijbf_qZgb_�� ^bnjZdlhf_lj� >JHG������ )H.α�baemq_gb_�� fhgh-
ojhfZlhj� :gZeblbd�I��<��O\hjh\��Bevf_gkdbc�aZih\_^gbd�

>jZ\blu�\uy\e_gu�b�\�^jm]bo�ihjh^Zo�ba�f_lZfhjnbq_kdbo

lhes� Bevf_g�� J_^db_� l_fgh�dhjbqg_\u_� dhjhldhklhe[qZlu_� djb-
klZeebdb�[_a�ijh^hevghc�rljboh\db�`_e_abklh]h�^jZ\blZ� �lZ[e�� ��

ijh[Z�M��������gZ[ex^Zxlky�\�iZj]Zkbl�]jZgZl�oehjblh\hc�ihjh^_

�Zihwdeh]blh\uc� ]hjg[e_g^bl��� keZ]Zxs_c� g_[hevrhc� [ehd�

\dexq_gb_� \� d\Zjpblh\hc� kZblh\kdhc� lhes_� \� hdj_klghklyo

^��MjZa[Z_\h�>�@��LZdb_�`_�f_edb_�djbklZeeu�^jZ\blZ�h[gZjm`_gu�b

\� dbZgblh\uo� fmdh\bl�[bhlblh\uo� k� ]jZgZlhf� djbklZeehkeZgpZo�

keZ]Zxsbo� hebklhebl� \� d\ZjpblZo� durlufkdhc� lhesb�Bevf_g� \

f_`ha_jv_�Bgurdh�;he��LZldmev��lZ[e�����ijh[Z�BD����������<b^b-
fh��d�^jZ\blZf�hlghkylky�b�rbjhdh�jZkijhkljZg_ggu_�\�djbklZeeb-
q_kdbo� keZgpZo� bevf_gh]hjkdhc� lhesb� [mjh�dhjbqg_\u_� [hqhgdh-
h[jZagu_�djbklZeeu�lmjfZebgZ�jZaf_jhf����×0.2 ff��hibkZggu_�ih
d_jgm� kd\Z`bg� gZ� x]h�aZiZ^ghf� kdehg_� Bevf_gkdh]h� oj_[lZ

X��>��IZgdh\uf�>�� klj�����@��GZ�kex^bkluo�ih\_joghklyo�deb\Z`-
guo�iehkdhkl_c�fmkdh\bluo�d\Zjpblh\�durlufkdhc�lhesb�\�f_`h-
a_jv_�Bgurdh�;he��LZldmev�b�gZ�k_\_jghf�ih[_j_`v_�ha��;he��FbZk-
kh\h� lZd`_� f_klZfb� \klj_qZxlky� f_edb_� iheghklvx� h]jZg_ggu_

dhjhldhijbafZlbq_kdb_� l_fgu_� a_e_gh\Zlh�dhjbqg_\u_� djbklZeeb-
db�^jZ\blZ��lZ[e�����ijh[Z�BD�������

Kms_kl\_ggh�[he__�fZ]g_abZevgZy�jZagh\b^ghklv�^jZ\blh\

�lZ[e�����ijh[Z�BD�������h[gZjm`_gZ�gZfb�\�d\ZjpblZo�fZdkxlh\�

kdh]h� f_lZfhjnbq_kdh]h� dhfie_dkZ� gZ� j�� KZdfZj_�� L_fgh�

dhjbqg_\u_�eb[h�[mjh�a_e_gu_�dhjhldhijbafZlbq_kdb_��k��]_dkZ]h�
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LZ[ebpZ��

Obfbq_kdbc�khklZ\��fZk����^jZ\blh\�ba�^jm]bo�f_lZfhjnbq_kdbo
ihjh^�Bevf_gh]hjkdh]h�dhfie_dkZ�b�ba�FZdkxlh\kdh]h�dhfie_dkZ

X`gh]h�MjZeZ
Ijh[Z M������ BD������� BD����� BD�����

SiO2 36.62 36.88 37.46 37.48
TiO2 0.51 0.27 0.54 0.36
Al2O3 28.91 4.53 32.43 31.08
Cr2O3 0.16 - 0.02 0.01
FeO 9.59 3.14 5.30 3.88
MgO 6.83 8.45 7.07 9.64
CaO 0.24 0.47 0.46 0.34
MnO 0.01 0.03 0.06 0.02
Na2O 2.49 2.27 2.15 2.52
K2O 0.01 0.06 0.04 0.02
F 0.11 0.13 0.07 0.20
Cl 0.01 - 0.01 0.01
KmffZ 85.49 86.20 85.61 86.18

Ijbf_qZgb_�� M������� ²� iZj]Zkbl�]jZgZl�oehjblh\Zy� ihjh^Z

�Zihwdeh]bl�� � ba� hebklheblZ� \� kZblh\kdhc� lhes_� Bevf_g�� M� aZiZ^ghc

hdhebpu�^_j��MjZa[Z_\h�>�@��BD��������²�dbZgblh\uc��fmkdh\bl�[bhlb�

lh\uc�djbklZeehkeZg_p�k�]jZgZlhf��ba�hebklheblZ��\�d\ZjpblZo�durluf�

kdhc�lhesb�Bevf_g��F_`ha_jv_�Bgurdh�;he��LZldmev��dhiv� ���;�BD�����
²� ]jZgZlh\uc� fmkdh\blh\uc� d\Zjpbl� � durlufkdhc� lhesb� Bevf_g�
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gZebqbb� kj_^b� wlbo� ]em[hdhf_lZfhjnbah\Zgguo� h[jZah\Zgbc
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