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PARABASALTS FROM THE BURNED SPOIL-HEAPS OF
CHELYABINSK COAL-BASIN

 Part I: Mineralogy and petrochemistry

The paper present the results of continuing studies on mineralogy of
combustion metamorphic parabasalts from the naturally burned coal-bearing
spoil-heaps. The examined parabasalt are thought to be formed by the melting
of three parent rock types: siderites, calcareous clays and mudstones. This
rocks are close in chemical and mineral composition to paralavas from East
Kazakhstan. The main rock-forming minerals are anorthite, Fe-olivine,
different clinopyroxenes, leucite. The additional phases are potassium
feldspars, titanomagnetite, hercynite, pyrrhotine, oldhamite, fluor-apatite and
K-Al-Si glasses. Most of these minerals have uncommon chemical
composition.

<\_^_gb_

Ijhp_kku� ibjhf_lZfhjnbafZ�� j_Zebamxsb_ky� ijb� l_fi_-
jZlmjZo�\ur_����� ºK�b�^Z\e_gbb�f_g__���d[Zj��g_j_^dh�ijb\h^yl
d� iheghfm� beb� qZklbqghfm� ieZ\e_gbx� bkoh^gh]h� km[kljZlZ�

Kl_deh\Zlu_� jZagh\b^ghklb� gh\hh[jZah\Zgguo� ihjh^� ghkyl� gZ-
a\Zgb_� iZjZeZ\� b� rbjhdh� jZkijhkljZg_gu� kj_^b� _kl_kl\_gguo

dhfie_dkh\� ]hj_euo� ihjh^�� k\yaZgguo� k� ih^a_fgufb� ih`ZjZfb

m]e_c�b�[blmfbghaguo�hkZ^dh\�>������������������@�

Gbadhl_fi_jZlmjgu_� ibjhf_lZfhjnbq_kdb_� jZkieZ\u

�L = 1000 ºK��\hagbdZxl�ijb�qZklbqghf�\uieZ\e_gbb�kmohc�w\l_dlb-
db�]jZgblgh]h�khklZ\Z�ba�dj_fgbklh�keZgp_\uo�ihjh^��\ukhdhl_fi_-
jZlmjgu_� �L = 1400—1500 ºK�� h[jZamxlky� ijb� iheghf� ieZ\e_gbb
km[kljZlZ� b� khhl\_lkl\mxl� _fm� ih� \Zeh\hfm� obfbq_kdhfm� khklZ\m

>�@��KZfhc�jZkijhkljZg_gghc�]jmiihc�iZjZeZ\�y\eyxlky�`_e_abklu_

jZagh\b^ghklb��)H2O3�!����fZk������\�dhlhjuo�dhgp_gljZpbb�hl^_ev-
guo�dhfihg_glh\�fh]ml�kms_kl\_ggh�\Zjvbjh\Zlv��Gh�ijb�wlhf�kh-
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ojZgy_lky�hlebqbl_evgZy�hkh[_gghklv�²�kms_kl\_ggh_�h[h]Zs_gb_

`_e_ahf��\iehlv�^h�ihy\e_gby�jm^guo�eZ\���dZevpb_f�b�Zexfbgb_f

b�h[_^g_gb_�dj_fgb_f��gZljb_f�b�dZeb_f�>����@�

<� l_jjbdhgZo� Q_ey[bgkdh]h� m]hevgh]h� [Zkk_cgZ� ijhp_kku

ihegh]h�ieZ\e_gby�hl\Zevghc�fZkku�bf_xl�h]jZgbq_ggh_�jZa\blb_�

IeZ\e_gu_�ihjh^u�h[gZjm`_gu�ebrv�\�gZb[he__�djmiguo�b�Zdlb\gh

]hj_\rbo�l_jjbdhgZo�jZaj_aZ�©Dhjdbgkdbcª�b�rZolu����>�@��H]jhf-
gmx�jhev�\�ihy\e_gbb�hqZ]h\�ieZ\e_gby�\gmljb�l_jjbdhgh\�b]jZeb

jZkdZe_ggu_�]Zau��;��<��Q_kghdh\�>�@�mdZau\Z_l��qlh�\�wdkdZ\Zlhjguo

aZ[hyo� g_j_^dh� gZ[ex^Zebkv� km[\_jlbdZevgu_� dZgZeu� ^bZf_ljhf

��²��� kf�� ]^_� \� l_q_gb_� ^ebl_evgh]h� \j_f_gb� \hkieZf_gyebkv� b

]hj_eb�kljmb�]Zah\��\uau\Zy�hieZ\e_gby�djZ_\�dZgZeh\��:\lhj�kqblZ-
_l��qlh�bf_ggh�wlhl�ijhp_kk�[ue�ijbqbghc�ihy\e_gby�agZqbl_evguo

fZkk�jZkieZ\h\�\�l_jjbdhg_�jZaj_aZ�©Dhjdbgkdbcª��Ih^jh[gh_�hib-
kZgb_�[ZaZevlhih^h[guo�ieZ\e_gguo�ihjh^��h[gZjm`_gguo�\�gbaZo

wlh]h�iheghklvx�jZajZ[hlZggh]h�hl\ZeZ��^Zgh�;��<��Q_kghdh\uf�b�?�

I��S_j[Zdh\hc�>�@��=eu[u�ihjh^�^hklb]Zeb�jZaf_jZ�g_kdhevdbo�dm-
[bq_kdbo�f_ljh\��[ueb�hq_gv�iehlgufb�b�ih�\g_rg_fm�\b^m�gZih-
fbgZeb� [ZaZevlu��;hevrZy� qZklv� ]eu[� ij_^klZ\eyeZ� kh[hc� Z]j_]Zl

ieZ\e_gguo� ihjh^� b� agZqbl_evgh]h� �^h� ��� �� h[t_fZ�� dhebq_kl\Z

dk_gheblh\� ijhdZe_gguo� Zj]beeblh\� �jZaf_jhf� ��²

��� kf� \� ihi_j_qgbd_��� J_`_� iZjZeZ\u� g_� kh^_j`Zeb� dk_gh]_ggh]h

fZl_jbZeZ��Kh]eZkgh�gZ[ex^_gbyf�;��<��Q_kghdh\Z�>�@��jZkieZ\�aZl_-
dZe�\�lj_sbgu�mkZ^db�hl\Zevghc�fZkku��nhjfbjh\Ze�^Zcdb�fhsgh-
klvx����²��f�b�p_f_glbjh\Ze�ihehklb�f_`^m�dmkdZfb�]hj_euo�ih-
jh^��WlZ�jZagh\b^ghklv�ieZ\e_gguo�ihjh^�ihemqbeZ�gZbf_gh\Zgb_

— fZkkb\gu_�iZjZ[ZaZevlu.
JZkieZ\� \hagbdZe� g_� lhevdh� g_ihkj_^kl\_ggh� \� gb`g_c

qZklb�l_jjbdhgZ��gh�lZd`_�kl_dZe�k�[he__�\ukhdbo�_]h�]hjbahglh\�

<� djmiguo� ihehklyo� ]hj_evgbdh\� \klj_qZebkv� klZeZdlblu�� klZ-
eZ]fblu� b� ijbqm^eb\u_� kdhie_gby� ijhqgh� k\Zjb\rboky� ^jm]� k

^jm]hf� ©dZi_evª�� ©IZjZ[ZaZevlh\uc� dZi_evgbdª� ²� gZa\Zgb_�

dhlhjh_�fu� \� ^Zevg_cr_f� [m^_f� bkihevah\Zlv� ^ey� h[hagZq_gby

wlhc�jZagh\b^ghklb�

Lj_lvy�]jmiiZ�bamq_gguo�gZfb�ieZ\e_guo�ihjh^�ihemqbeZ

gZbf_gh\Zgb_ ijh`bedh\u_� iZjZ[ZaZevlu�� Hgb� h[gZjm`_gu

kj_^b� ]eu[� hl\Zevgh]h� ki_dZ� m� ih^gh`vy� l_jjbdhgZ�rZolu� ���

Wlhl� l_jjbdhg� [ue� h^gbf� ba� djmig_crbo� \� [Zkk_cg_� �\ukhlZ

���f��iehsZ^v�hkgh\Zgby�������f2��h[t_f���������f3���hlkuiZeky

\�l_q_gb_�^\Z^pZlb�e_l�k������ih������]]��b�bgl_gkb\gh�]hj_e��<

gZklhys__� \j_fy� hg� ih^\_j]ky� wdkdZ\Zlhjghc� jZajZ[hld_��Bf_ggh
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Jbk�� ��� Ko_fZ� ihke_^h\Zl_evghklb� fbg_jZehh[jZah\Zgby� \� l_ogh�

]_gguo�iZjZ[ZaZevlZo�
L_fi_jZlmjZ�gZqZeZ�djbklZeebaZpbb�khhl\_lk\m_l�l_fi_jZlmj_�]hfh]_gbaZpbb

^\monZaguo�\dexq_gbc��]Za���lhgdhjZkdjbklZeebah\Zggh_�kl_deh��\�ieZ]bhdeZa_; l_f�
i_jZlmjZ�hdhgqZgby�djbklZeebaZpbb�²�lhqd_�ieZ\e_gby�\_s_kl\Z�f_lZklZabkZ��Wdki_-
jbf_glZevgu_�hij_^_e_gby�\uiheg_gu��>��<��Dmavfbguf�b��:��=��Khdhehf

ba�wdkdZ\Zlhjguo�aZ[h_\��aZeh`_gguo�\�kj_^g_c�qZklb�hl\ZeZ��b�[u-
eb�ba\e_q_gu�]eu[u�ki_dZ��kp_f_glbjh\Zggu_�ieZ\e_gufb�ihjh^Z-
fb�� <g_rg_� iZjZeZ\u� ^Zggh]h� lbiZ� lZd`_� gZihfbgZxl� [ZaZevlu�

Hgb�aZihegyxl�ijhf_`mldb�f_`^m�fgh]hqbke_ggufb�njZ]f_glZfb

ijhdZe_gguo� Zj]beeblh\�b� dZj[hgZlguo�ihjh^��Ijh`bedb�iZjZeZ\

bf_xl�keh`gh_�\_l\bklh_�jZkij_^_e_gb_�\�fZkk_�ki_dZ��bo�k_q_gb_

g_�ij_\urZ_l��²��kf��Bgh]^Z�gZ�dhglZdl_�iZjZeZ\�k�ijhdZe_ggufb

Zj]beeblZfb� \hagbdZxl� lhgdha_jgbklu_� aZdZehqgu_� ahgu� �^h

����kf��[he__�l_fgh]h��ihqlb�q_jgh]h�p\_lZ��GZ�]jZgbp_�k�njZ]f_g-
lZfb�jZaeh`b\rboky�dZj[hgZlguo�ihjh^�gZ[ex^Z_lky�q_ldZy�p\_lh-
\Zy�b�fbg_jZeh]bq_kdZy�ahgZevghklv�

Hkh[_gghklb�fbg_jZevgh]h�khklZ\Z�iZjZ[ZaZevlh\

FZkkb\gu_�iZjZ[ZaZevlu� �h[j��DJ����DJ����ij_^klZ\eyxl

kh[hc� iehlgu_� f_edha_jgbklu_�� iheghdjbklZeebq_kdb_� ihjh^u

l_fgh]h� k_jh\Zlh�a_e_gh]h� p\_lZ�� KljmdlmjZ�� gZ[ex^Z_fZy� \

rebnZo�� ih^h[gZ� ^he_jblh\hc�� <� f_edbo� imklhlZo� gZoh^ylky

fgh]hqbke_ggu_�h]jZg_ggu_�djbklZeeu�ibjhdk_gZ��heb\bgZ��e_c-
pblZ�� ieZ]bhdeZaZ� b� b]eu� fmeeblZ��Fbg_jZevguc� khklZ\� ^hklZ-
lhqgh� ihklhyg_g�� debghibjhdk_g�� hkgh\ghc� ieZ]bhdeZa��`_e_ab-
kluc�heb\bg�b�e_cpbl��Djhf_�lh]h��ijbkmlkl\mxl�kdhie_gby�f_e-
dbo�hdlZw^jbq_kdbo�djbklZeeh\�$O�kh^_j`Zs_c�a_e_ghc�ribg_eb�
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lblZghfZ]g_lbl�� ibjjhlbg� b� bgl_jklbpbZevguc� dZeb_\uc� ihe_-
\hc�riZl��GZb[he__�\_jhylguc�ihjy^hd�djbklZeebaZpbb�fbg_jZ-
eh\� hljZ`_g� gZ� ko_f_� �jbk�� ����Fbg_jZeu� g_� g_kml� dZdbo�eb[h

ke_^h\�baf_g_gbc�b�aZf_s_gbc�

Heb\bgu� ij_^klZ\e_gu� ^\mfy lbiZfb� \u^_e_gbc�� I_j\uc
�d�g_fm�hlghkblky�Z[khexlgh_�[hevrbgkl\h�bg^b\b^h\��²�wlh�hlgh-
kbl_evgh�djmigu_� �^h� ���²��ff��qZklbqgh�h]jZg_ggu_�djbklZeeu�

Hgb�ijhajZqgu��bf_xl�ahehlbklh�a_e_guc�p\_l��ijbkmsbc�x\_ebj-
guf�ojbaheblZf��ijZdlbq_kdb�ebr_gu�f_oZgbq_kdbo� \dexq_gbc�b

ahg� ihfmlg_gby�� h[eZ^Zxl� \ukhdhc� f_oZgbq_kdhc� ijhqghklvx� b

hlq_leb\hc�hl^_evghklvx�ih��������=Z[blmkgu_�nhjfu�^���`��^���`�

^���`��HdjZkdZ�\�iheyjbah\Zgghf�k\_l_�yjdh�a_e_gZy��Kh^_j`Zgb_�\

ihjh^_� �²�� ��� <lhjhc� lbi� \u^_e_gbc� ²� _^bgbqgu_�� f_edb_

��� ����fdf�� a_jgZ� hdjm]ehc�nhjfu�� jZa[blu_� k_lvx� l_fgh�dhjbq�

g_\uo�lj_sbg��HdjZkdZ�\�iheyjbah\Zgghf�k\_l_�²�l_fgh�a_e_gZy�

Djmigu_�djbklZeeu�heb\bgh\�ih�khklZ\m�hl\_qZxl�]hjlhgh-
eblm�n_jjh]hjlhgheblm��)� ���²������ih�deZkkbnbdZpbb�>�@��lh]^Z

dZd�f_edb_�bg^b\b^u�khhl\_lkl\mxl�ijZdlbq_kdb�qbklhfm�nZyeblm

�)� ���²�������Kh^_j`Zgby�\�gbo�&D�b�0Q�\�kj_^g_f�m\_ebqb\Zxlky

k� jhklhf� `_e_abklhklb� b� ^hklb]Zxl� fZdkbfZevguo� dhgp_gljZpbc

�0Q2� ������&D2� �����fZk�����\�nZyebl_��Ojhf�b�gbd_ev�ijbkmlkl-
\mxl�\�ke_^h\uo�dhebq_kl\Zo��lZ[e������=hjlhgheblu�n_jjh]hjlhgh�

eblu�h[eZ^Zxl�ijyfhc�obfbq_kdhc� ahgZevghklvx�\�jZkij_^_e_gbb

0J��)H��0Q��NZyeblu�ahgZevgu�lhevdh�\�hlghr_gbb�KZ�b�0Q�

Debghibjhdk_gu� y\eyxlky� ]eZ\gufb� l_fghp\_lgufb�fb-
g_jZeZfb�� bo� dhebq_kl\h� khklZ\ey_l� ihjy^dZ� ��� ���<� hkgh\ghf

wlh�b^bhfhjngu_�bg^b\b^u�jZaf_jhf�hl������^h�����kf��<uoh^y-
sb_�\�ihehklb�ihjh^u�djbklZeeu�bf_xl�deZkkbq_kdbc�^bhikb^h-
\uc�h[ebd��h[eZ^Zxl�l_fgh�a_e_guf��^h�q_jgh]h��p\_lhf��bgh]^Z

ihdjulu� iehlgufb� ©jm[ZrdZfbª� lhgdh^bki_jkgh]h� ]_fZlblZ�

Debghibjhdk_gu�hlebqZxlky�mklhcqb\uf�ihklhygkl\hf�khklZ\Z�

hlghkylky�d�jy^m�^bhikb^�²� ]_^_g[_j]bl��kh^_j`Zl�$O2O3 = 2—
��fZk����b�7L22  ����²����fZk����b�fh]ml�[ulv�hij_^_e_gu�dZd

kZeblu� �kf�� lZ[e�� ����DjbklZeeu� h[eZ^Zxl� yjdh� \ujZ`_gghc� ah-
gZevghklvx�\�jZkij_^_e_gbb�0J��)H��$O�

IeZ]bhdeZau� khklZ\eyxl� ihjy^dZ� ��� �� h[t_fZ� ihjh^u�

DjbklZeeu� lZ[eblqZlu_� b� ieZklbgqZlu_� k^\hcgbdh\Zgu� ih� Zev-
[blh\hfm� aZdhgm�� ^hfbgbjmxsbfb� ]jZgyfb� y\ey_lky� ibgZdh^

^���`��\lhjhkl_i_ggufb�²�[ZahibgZdhb^�^���`�b�ijbafZ�^���`�

IeZ]bhdeZau� khhl\_lkl\mxl� ijZdlbq_kdb� qbklhfm� Zghjlblm

�kf�� lZ[e�� ���� Kh^_j`Zgb_� \� gbo� 1D22� aZqZklmx� g_� ij_\urZ_l

0.3 �fZk����� ih^gbfZykv� ^h� 0.6—0.7 �fZk�� %,  dhgp_gljZpby�K2H   
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LZ[ebpZ��

Obfbq_kdb_�khklZ\u�b�djbklZeehobfbq_kdb_�nhjfmeu�fbg_jZeh\�fZkkb\guo�iZjZ[ZaZevlh\

Dhfih- 3 4 5
g_gl

1 2
p_glj djZc p_glj djZc p_glj djZc

6 7 8 9 10 11

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

SiO2 31.72 30.61 32.65 31.62 50.60 49.89 44.93 44.43 48.01 64.16 61.82 61.47 56.17 56.41

TiO2 0.00 0.08 0.03 0.03 0.63 0.58 0.02 0.00 0.05 0.13 0.15 0.20 - -

Al 2O3 0.03 0.03 0.01 0.00 4.68 5.47 34.92 34.75 31.26 18.43 19.37 19.40 22.33 22.35

FeO 55.65 61.63 49.88 53.05 7.60 7.76 0.68 0.75 0.80 0.33 0.33 0.28 0.31 0.31

MnO 1.27 1.61 1.25 1.36 0.23 0.18 0.03 0.02 0.04 0.00 0.01 0.00 - -

MgO 11.63 5.65 15.34 12.98 13.63 13.26 0.12 0.08 0.08 0.01 0.01 0.01 - -

CaO 0.64 0.85 0.73 0.72 22.52 22.94 19.43 19.03 15.24 0.28 1.12 1.14 0.01 0.03

Na2O 0.04 0.03 0.03 0.03 0.07 0.07 0.26 0.30 0.66 0.47 0.65 0.63 0.11 0.10

K2O 0.00 0.00 0.00 0.00 0.00 0.00 0.29 0.31 3.05 15.34 13.87 13.83 20.42 20.47

BaO - - - - 0.00 0.00 0.00 0.04 0.13 0.63 1.80 2.18 0.02 0.00

KmffZ 100.97 100.47 99.92 99.79 100.22 100.85 100.68 99.73 99.32 99.78 99.17 99.14 99.37 99.67

H � H � H � H � H �

Si 1.03 0.99 0.99 0.98 1.88 1.85 2.07 2.06 2.23 2.98 2.91 2.90 2.04 2.04
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HdhgqZgb_�lZ[ebpu��

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Ti 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.01 0.01 0.01 - -
Al 0.00 0.00 0.00 0.00 0.20 0.23 1.90 1.90 1.71 1.01 1.08 1.08 0.96 0.95

Fe 1.43 1.66 1.26 1.37 0.24 0.24 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.01

Mn 0.04 0.04 0.03 0.04 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 - -

Mg 0.47 0.27 0.69 0.60 0.75 0.73 0.01 0.01 0.01 0.00 0.00 0.00 - -

Ca 0.03 0.03 0.02 0.02 0.89 0.91 0.96 0.95 0.76 0.01 0.06 0.06 0.00 0.00

Na 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.03 0.06 0.04 0.06 0.06 0.01 0.01

K 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.18 0.91 0.83 0.83 0.95 0.95

Ba - - - - 0.00 0.00 0.00 0.01 0.02 0.01 0.03 0.04 0.00 0.00

f, % 75.7 86.3 65.1 70.2 24.3 25.1

N3O�fhe��� 97.7 97.2 92.7

Ijbf_qZgby��²��²�heb\bgu����²�debghibjhdk_g���²��²�ieZ]bhdeZau���²��²�dZebriZlu����²���²�e_c-
pblu

f = (Fe+Mn)/(Fe+Mn+Mg)⋅100 %; NPl = CaAl2Si2O8/(CaAl2Si2O8+NaAlSi3O8) ⋅ 100 %; ©�ª�²�we_f_gl�g_�hij_^_eyeky�
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\Zjvbjm_l�hl�����^h�����fZk�����Ijbf_qZl_evgh�ih\ur_ggh_�dheb-
q_kl\h�`_e_aZ� �)H2 = ���²����fZk�����b�ihklhyggh_�ijbkmlkl\b_

fZ]gby��0J2 = ����²����fZk�����

E_cpbl�gZoh^blky�\�hkgh\ghc�fZkk_�iZjZ[ZaZevlh\�\�\b^_

^hklZlhqgh�djmiguo��^h���ff��bahf_ljbqguo�bg^b\b^h\��dhebq_-
kl\h��²������<�ihehklyo�h[jZam_l�ijhajZqgu_�djbklZeeu�deZkkb-
q_kdh]h�l_ljZ]hgljbhdlZw^jbq_kdh]h�]Z[blmkZ��Bf__l�bg^mdpbhg-
gu_� ih\_joghklb� kh\f_klgh]h� jhklZ� k� debghibjhdk_ghf�

Z�lZd`_�gZjZklZ_l�gZ�Z]j_]Zlu�^bhikb^Z�b�heb\bgZ��Jy^�bg^b\b-
^h\� e_cpblZ� h[eZ^Z_l� kdhjemih\Zluf� kljh_gb_f�� qlh� iha\hey_l

ij_^iheZ]Zlv� bo� fgh]hdjZlgmx� j_]_g_jZpbx�� JZklmsb_� ih\_jo-
ghklb� ]jZg_c� [ueb� [ehdbjh\Zgu� ]_fZlblh\ufb� ©jm[ZrdZfbª�

Ihebkbgl_lbq_kdb_� ^\hcgbdb�� klhev� lbibqgu_� ^ey� ijbjh^guo

djbklZeeh\��\�bamq_gguo�gZfb�h[jZapZo�ijhy\eyxlky�j_^dh��Ob-
fbq_kdb_�ZgZebau�fbg_jZeZ�[ebadb�d�_]h�l_hj_lbq_kdhfm�khklZ\m

KAlSi2O6 �kf��lZ[e�� ����LZdbf�h[jZahf��h[gZjm`_ggu_�gZfb�e_c-
pblu� y\eyxlky� ^hklZlhqgh� j_^dbf� kemqZ_f� Z[khexlgh� qbklh]h

fbg_jZeZ��g_�g_kms_]h�^Z`_�ke_^h\�aZf_s_gby�

Jm^gu_�fbg_jZeu�\klj_qZxlky�\�fZehf�dhebq_kl\_��g_�[he__

������ij_^klZ\eyxl� dk_ghfhjngu_� \u^_e_gby�b� h[uqgh� aZgbfZxl

bgl_jklbpbb� f_`^m� a_jgZfb� ihjh^hh[jZamxsbo� kbebdZlh\�� DZd

ijZ\beh��k�gbfb�ijhkljZgkl\_ggh�kh\f_s_gu�dZebriZlu��bf_xsb_

q_ldb_�]jZgbpu�k�jm^gufb�nZaZfb��>hfbgbjmxsbfb�jm^gufb�fb-
g_jZeZfb� y\eyxlky� lblZghfZ]g_lblu�� Kh^_j`Zgb_� 7L22� \� gbo� kh-
klZ\ey_l���²���fZk�����Fbdjhahg^h\u_�obfbq_kdb_�ZgZebau�k\b^_-
l_evkl\m_l�h�]hfh]_gghklb�khklZ\h\�fbg_jZeh\�\�ij_^_eZo�iehsZ^b

ahg^bjh\Zgby�� H^gZdh� gZ� kdZgbjmxs_f� we_dljhgghf� fbdjhkdhi_

ijb�m\_ebq_gbyo�ihjy^dZ�����djZlguo�\b^gu�lhgdb_�kljmdlmju�jZk-
iZ^Z�hdkb^h\�7L�\�fZ]g_lblh\hc�fZljbp_��LhqgZy�^bZ]ghklbdZ�lblZg-
kh^_j`Zs_c�nZau� �mev\hribg_ev�beb�bevf_gbl�� \� eZf_eyo� lZdh]h

jZaf_jZ�g_\hafh`gZ��ihwlhfm� \hijhk� h� __� khklZ\_� hklZ_lky� hldju-
luf��OZjZdl_jghc� hkh[_gghklvx� jm^guo�fbg_jZeh\� y\ey_lky� ijb-
kmlkl\b_�ijbf_kb�$O2O3 ���²����fZk�����Kh\f_klgh�k�lblZghfZ]g_-
lblZfb�\klj_qZxlky�f_edb_�\u^_e_gby�ibjjhlbgZ�

DZebriZlu� \� fZkkb\guo� iZjZ[ZaZevlZo� y\eyxlky� bgl_j-
klbpbZevgufb�b��ke_^h\Zl_evgh��gZb[he__�iha^gbfb�nZaZfb��H[-
ebd�fbg_jZeZ�^hklZlhqgh�g_h[uq_g��<�ijhoh^ys_f�k\_l_�hg�bf_-
_l�[mjmx�hdjZkdm��g_ijhajZq_g�beb�keZ[h�ijhk\_qb\Z_l�b�g_j_^dh

\u]ey^bl� bahljhiguf��GZ� hkgh\Zgbb� wlbo� hkh[_gghkl_c� dZebr-
iZl�[ue�bkoh^gh�^bZ]ghklbjh\Zg�dZd�kl_deh��H^gZdh�^ZggZy�nZaZ

hlebqZ_lky�\ukhdbf�ihklhygkl\hf�khklZ\Z��kf��lZ[e������lhqghkh-
hl\_lkl\m_l� kl_obhf_ljbb� <Z�hjlhdeZaZ�� oZjZdl_jbam_lky� hlkml-
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kl\b_f�3��&O�b�)�²�lbibqguo�we_f_glh\�ijbf_k_c�dbkeuo�kl_dhe�

qlh�iha\hebeh�hij_^_eblv�__�dZd�dZeb_\uc�ihe_\hc�riZl��GZfb

lZd`_�[ue�h[gZjm`_g�ahgZevguc�djbklZee�ZghjlblZ��dZcfm�dhlh-
jh]h� khklZ\ey_l� qbkluc� dZebriZl�� bf_xsbc� h[uqgu_� ^ey� g_]h

hilbq_kdb_�oZjZdl_jbklbdb�

JZkijhkljZg_gguf� fbg_jZehf� \� bgl_jklbpbZevguo� Zkkh-
pbZpbyo� y\ey_lky� lZd`_� nlhjZiZlbl�� hl\_qZxsbc� ijZdlbq_kdb

qbklhfm� &D5(PO4)3)��Ij_^klZ\bl_evguc� ZgZeba� ZiZlblZ� \�fZk���

CaO — 56.59; P2O5 — 39.27; FeO — 0.59; F — 3.17; Cl — 0.03;
kmffZ�²��������6U��%D��75��6�g_�h[gZjm`_gu��

IZjZ[ZaZevlh\uc� dZi_evgbd� �©klZeZ]fblª�� �h[j�� ������

bamq_gguc� gZfb�� [ue� ba\e_q_g� ;��<��Q_kghdh\uf� ba� ihehklb� \

gb`g_c�qZklb�]hj_eh]h�l_jjbdhgZ�jZaj_aZ�©Dhjdbgkdbcª��H[jZa_p

^_fhgkljbjm_l� oZjZdl_jgmx� kljmdlmjm� l_q_gby� jZkieZ\Z�� gZoh-
^b\r_]hky�\�\yadh�ieZklbqghf�khklhygbb��Ihjh^Z�bf__l�[mjh\Z-
lh�k_juc� ^h� l_fgh�[mjh]h� p\_l� k� ijZdlbq_kdb� q_jghc� \g_rg_c

dZcfhc�fhsghklvx�hdheh���ff��KljmdlmjZ�jZ\ghf_jgha_jgbklZy�

ZgZeh]bqgZy�^he_jblh\hc��<�_]h�fbg_jZevghf�khklZ\_�^hfbgbjm-
_l� debghibjhdk_g� ���� ����`_e_abkluc� heb\bg� ij_^klZ\e_g� _^b-
gbqgufb�a_jgZfb� �hdheh�������ieZ]bhdeZaZ�²���²������bgl_j-
klbpbZevgh]h� e_cpblZ� ²� ihjy^dZ� �� ��� LZdbf� h[jZahf� iZjZ[Z-
aZevlh\uc�©klZeZ]fblª�y\ey_lky�gZb[he__�f_eZghdjZlh\hc�jZagh-
\b^ghklvx�iZjZeZ\��?]h�oZjZdl_jgZy�hkh[_gghklv�²�ijbkmlkl\b_

j_^dh]h�\�ijbjh^_�fbg_jZeZ�²�n_jjhfhglbq_eeblZ��&D)H6L24).
Heb\bgu� \klj_qZxlky� \� \b^_� _^bgbqguo� a_j_g� ²� hdjm]-

euo�� jZa[bluo� k_lvx� l_fgh�dhjbqg_\uo� lj_sbg� b� hdjm`_gguo

lZdhx�`_�dZcfhc��G_j_^dh�bg^b\b^u�\u]ey^yl�\�iheyjbah\Zgghf

k\_l_�ijZdlbq_kdb� q_jgufb��gh�ijb� wlhf�g_� aZf_s_gu� ^jm]bfb

nZaZfb��Hlghkylky� d� ]hjlhgheblZf�n_jjh]hjlhgheblZf� (F = 71—
�������kh^_j`Zl�ih\ur_ggu_�dhebq_kl\Z�0Q2 =��²��fZk����b�Zgh-
fZevgh� \ukhdb_� dhgp_gljZpbb�KZH =����²����fZk�� ���Heb\bgu

h[jZamxl� \aZbfgu_� ijhjZklZgby� keh`ghc� dhgnb]mjZpbb� k� n_j-
jhfhglbq_eeblhf�� gZ� dhglZdlZo� bg^b\b^h\� ijbkmlkl\_l� e_cpbl�

Ih� khklZ\m� n_jjhfhglbq_eebl� [ebahd� d� &D)H6L24� �ij_^klZ\b-
l_evguc�ZgZeba�\�fZk����SiO2 —32.71; TiO2 — 0.04; FeO — 39.59;
MgO — 4.30; MnO — 1.11; CaO — 22.58; Na22�²� ������ kmffZ

��������$O��&U��.��%D�²�g_�h[gZjm`_gu��

Ibjhdk_gu�hlghkylky�d�jZajy^m�\ukhdh]ebgha_fbkluo�KZ�

kh^_j`Zsbo� )H�0J� debghibjhdk_gh\�b�fh]ml�[ulv�deZkkbnbpb-
jh\Zgu� dZd� nZkkZblu�� DjbklZeeu� j_adh� ahgZevgu��Hl� p_gljZ� d

i_jbn_jbb� jZkl_l� kh^_j`Zgb_� )H� b� kgb`Z_lky� dhebq_kl\h� $O�

dhgp_gljZpby�7L22�^hklb]Z_l�����fZk����
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IeZ]bhdeZau�ij_^klZ\e_gu�e_cklZfb�jZaf_jhf��²���fdf

\� ihi_j_qghf� k_q_gbb�� dhlhju_� y\eyxlky� ihebkbgl_lbq_kdbfb

^\hcgbdZfb�ih�Zev[blh\hfm� aZdhgm��Hgb�hlghkylky�d� ZghjlblZf

k� ih\ur_ggufb� kh^_j`Zgbyfb� K2H� �^h� �� fZk�� ��� b� <ZH

�^h� ���� fZk�� ����Bo� hlebqbl_evghc� q_jlhc� y\eyxlky� ZghfZevgh

\ukhdb_�dhgp_gljZpbb�)H2��^h�����fZk�����b�ihklhyggh_�ijbkml-
kl\b_�0J2� �^h� ����fZk������Bg^b\b^u�k�gZb[he__�\ukhdbfb� kh-
^_j`Zgbyfb�)H�b�0J�kdhgp_gljbjh\Zgu�\�djZ_\hc�qZklb�dZi_ev-
gbdZ� DjbklZeeu� h^ghjh^gu� ih� kh^_j`Zgbx� 1D�� .�� &D�� KhklZ\
wlh]h�fbg_jZeZ�kms_kl\_ggh�hldehgy_lky�hl�kl_obhf_ljbb�&D2×
2SiO2×Al2O3��h[uqgu�ba[ulhqgu_�dhebq_kl\Z�6L��^h������n��_����&D

�^h������n��_���b�g_^hklZlhd�$O��^h������n��_���

Jm^gu_� fbg_jZeu� ij_^klZ\e_gu� 7L�fZ]g_lblZfb�� Kh^_j-
`Zgb_�bo�g_\_ebdh� ��²������Kd_e_lgu_�djbklZeeu� kdhgp_gljb-
jh\Zgu�\�djZ_\hc�qZklb�dZi_evgbdZ��;hevrZy�`_�qZklv�bg^b\b^h\

ij_^klZ\e_gZ�dk_ghfhjngufb�\u^_e_gbyfb�\�bgl_jklbpbyo��bgh-
]^Z�khijh\h`^Zxsbfbky�e_cpblZfb�b�ibjjhlbghf�

E_cpbl�lZd`_�jZkiheZ]Z_lky�\�bgl_jklbpbyo�b�h[uqgh�Zk-
khpbbjm_l�k�jm^gufb�fbg_jZeZfb��h[s__�_]h�dhebq_kl\h�g_�ij_-
\urZ_l� �� ���Fbg_jZe� bf__l� [mjh\Zlmx� hdjZkdm�� kh^_j`bl� eh-
dZevgu_�mqZkldb�k�ih\ur_gguf�kh^_j`Zgb_f�)H�b�7L��\hafh`gh�

khhl\_lkl\mxsb_�\dexq_gbyf�)H�7L�hdkb^h\�

Ijh`bedh\u_� iZjZ[ZaZevlu� �h[j�� ������ <���� ������ =���

ij_^klZ\eyxl� kh[hc�fZehfhsgu_�ijh`bedb� �^h� �� kf���p_f_glb-
jmxsb_�njZ]f_glu�qZklbqgh�hkl_deh\Zgguo�Zj]beeblh\�b�dZj[h-
gZlguo�ihjh^� �jZaeh`b\rboky�\ke_^kl\b_�\ukhdhl_fi_jZlmjghc

^bkkhpbZpbb�gZ�lhgdmx�kf_kv�hdkb^h\�&D��0J��)H���A_jgbklhklv

ihjh^� \� ij_^_eZo� ijh`bedZ� kms_kl\_ggh� \Zjvbjm_l�

I_jbn_jbq_kdb_�ahgu�\u]ey^yl�fbdjhdjbklZeebq_kdbfb� �ZnZgb-
lh\ufb���<�p_gljZevghc�qZklb�ijh`bedh\�jZaf_j�bg^b\b^h\�^hk-
lb]Z_l� ���²��ff��Z�\�jZkiheh`_gguo� a^_kv�`_�f_edbo�ihehklyo

ijbkmlkl\mxl� djbklZeeu� \_ebqbghc� ^h� ����ff��H[uqgZ� ahgZev-
ghklv�� \ujZ`ZxsZyky� \�baf_g_gbb�p\_lZ�� a_jgbklhklb�� \Zeh\h]h

obfbq_kdh]h� b� fbg_jZevgh]h� khklZ\Z��HgZ� gZb[he__� dhgljZklgZ

gZ� dhglZdl_� iZjZ[ZaZevlh\� k� njZ]f_glZfb� dZj[hgZlguo� ihjh^

^hehfbl�Zgd_jblh\h]h� khklZ\Z��IZjZ[ZaZevlu� ^Zggh]h� lbiZ� ij_-
bfms_kl\_ggh�khklhyl�ba�debghibjhdk_gZ�b�ieZ]bhdeZaZ�\�khhl-
ghr_gbb�[ebadhf�d������Heb\bg�ijbkmlkl\m_l�lhevdh�\�ehdZevguo

mqZkldZo�\�\b^_�_^bgbqguo�a_j_g��Ijh`bedh\u_�iZjZ[ZaZevlu�²

_^bgkl\_ggZy� ihdZ� jZagh\b^ghklv� l_ogh]_gguo� iZjZ[ZaZevlh\�

\� khklZ\_� dhlhjuo� ^hklh\_jgh� mklZgh\e_gh� ijbkmlkl\b_� dbkeuo

$O�.�kl_dhe��lbibqguo�^ey�ijbjh^guo�`_e_abkluo�iZjZeZ\�>����@�
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Heb\bgu� h[jZamxl� �^h� ���� fdf�� \u^_e_gby� hdjm]euo

hq_jlZgbc� �^h� ���� fdf��� bf_xl� l_fgh�a_e_guc� ^h� [mjh]h� p\_l�

l_fgu_�dZcfu�b�kbkl_fm�dhgljZklguo�lj_sbg��K�gbfb�Zkkhpbb-
jmxl��nZkkZbl�� ieZ]bhdeZa�� .�$O�6L� kl_deh��Heb\bgu� oZjZdl_jb-
amxlky�ijhf_`mlhqghc�`_e_abklhklvx��) =���²������b�gbadbfb

kh^_j`Zgbyfb�0Q2 = ���²����fZk����b�&D2 =����²����fZk����

;hevrbgkl\h�bkke_^h\Zgguo�debghibjhdk_gh\�hlghkylky�d

Al–Mg–Fe–&D�kbkl_f_�b�\�h[s_f�kemqZ_�fh]ml�[ulv�gZa\Zgu�nZk-
kZblZfb��Kh^_j`Zgby�$O2O3 \�gbo�dhe_[e_lky�hl� ��^h� ���fZk����

0J2�²�hl���^h����fZk�����)H2�²�hl���^h����fZk�����ijbq_f�\_kv

wlhl�jZa[jhk�khklZ\h\�aZnbdkbjh\Zg�gZ�iehsZ^b�≈����rebnZ�
<lhjZy� ]jmiiZ�ibjhdk_gh\� \Zjvbjm_l�ih� obfbq_kdhfm� kh-

klZ\m�hl�\ukhdhdZevpb_\uo�Zexfbgb_\uo�Z\]blh\�^h�gbadhdZev-
pb_\uo�Zexfbgb_\uo�ib`hgblh\� �&D2min =�����fZk������Bo�hleb-
qbl_evgZy� hkh[_gghklv� ²� rbjhdb_� \ZjbZpbb� kh^_j`Zgbc� \k_o

hkgh\guo� dhfihg_glh\��Ib`hgblu� oZjZdl_jgu� ^ey� [_aheb\bgh-
\uo�ZkkhpbZpbc��]^_�hgb�khijh\h`^Zxl�nZkkZblu�b�\ukhdhdZev-
pb_\u_�Z\]blu�

IeZ]bhdeZau� ij_^klZ\e_gu� ihebkbgl_lbq_kdb� k^\hcgbdh-
\Zggufb�bg^b\b^Zfb��Ih�khklZ\m�khhlkl\mxl�Zghjlblm�eb[h�KZ�

[blh\gblm�b�ebr_gu�ahgZevghklb��DjbklZeeu��h[h]Zs_ggu_�Zev-
[blh\uf�fbgZehf� �1� �����h[gZjm`_gu�\�g_ihkj_^kl\_gghf�dhg-
lZdl_�iZjZ[ZaZevlZ�k�njZ]f_glhf�hkl_deh\Zggh]h�Zj]beeblZ��Kh-
^_j`Zgby�)H�b�0J�ih\ur_ggu��gh�kms_kl\_ggh�gb`_��q_f�\�ieZ-
]bhdeZaZo� ba� dZi_evgbdZ�� FbgbfZevguf� y\ey_lky� kh^_j`Zgb_

dZeby� �\� kj_^g_f� �����n�� _��K���IeZ]bhdeZau�g_kl_obhf_ljbqgu�
hlebqZxlky� ba[uldhf� dj_fgby� �6L = ����²�����n�� _��� b� ^_nbpb-
lhf�Zexfbgby��$O = ����²�����n��_���

Kl_deZ \�ijh`bedh\uo�iZjZ[ZaZevlZo�jZkiheZ]Zxlky�\�bg-
l_jklbpbyo� f_`^m� djbklZeeZfb� ihjh^hh[jZamxsbo� kbebdZlh\�

h[uqgh� Zkkhpbbjmxl� k� lblZghfZ]g_lblhf��Hgb� \u]ey^yl� l_fgh�

[mjufb��bahljhigufb��\�hlebqb_�hl�djbklZeebq_kdbo�nZa�bgl_g-
kb\gh�©]hjylª�ih^�imqdhf�we_dljhggh]h�ahg^Z��Hkh[_ggh�hsmlb-
fh� \� oh^_� ZgZebaZ� ihgb`Z_lky� bgl_gkb\ghklv� dZeby�� Ih^h[gh_

ih\_^_gb_�y\ey_lky�dhk\_gguf�k\b^_l_evkl\hf�ijbkmlkl\by�\�gbo

e_lmqbo� dhfihg_glh\��Ih^Z\eyxs__� bo� [hevrbgkl\h� khhl\_lkl-
\m_l ^hklZlhqgh� madhfm� bgl_j\Zem� khklZ\h\� 6L22 = 72—
��� fZk�� ��� $O2O3 = ��²��� fZk�� ��� .2O = �²�� fZk�� ��� )H2 = 1—
��fZk����b�ih�kbkl_f_�&,3:�i_j_kqblu\Z_lky�dZd�d\Zjp��b�hjlhdeZa�

ghjfZlb\gu_   �lZ[e������ Ijb�  wlhf �hl^_evgu_ �\u^_e_gby�  khhl\_l-
kl\mxl� ijZdlbq_kdb� qbklhfm� 6L22� beb� ijb[eb`Zxlky� d� kl_obh-
f_ljbb�hjlhdeZah\��<�hlebqb_� hl  iha^gbo�bgl_jklbpbZevguo�dZ-
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LZ[ebpZ��

Obfbq_kdb_�b�ghjfZlb\gu_�khklZ\u�kl_dhe
ba�ijh`bedh\uo�iZjZ[ZaZevlh\

Dhfi� 1 2 3 4 5 6 7

SiO2 62.73 62.64 77.08 73.20 74.99 74.85 73.64

TiO2 0.22 0.35 0.20 0.23 0.28 0.35 0.22

Al2O3 17.94 18.30 12.18 13.01 12.75 12.84 12.71

FeO 1.76 0.82 1.56 1.00 1.32 1.18 1.20

MgO 0.02 0.01 0.01 0.00 0.02 0.01 0.01

CaO 1.60 1.47 0.53 0.48 0.42 0.39 0.40

Na2O 1.05 0.95 0.62 0.82 0.94 0.58 0.55

K2O 8.96 9.86 5.87 7.82 6.86 8.04 8.31

BaO 3.14 3.33 0.19 0.73 0.21 0.12 0.14

P2O5 0.62 0.62 0.62 0.71 0.71 1.73 1.60

Cl 0.00 0.01 0.01 0.01 0.01 0.03 0.02

F 0.07 0.06 0.08 0.11 0.07 0.09 0.10

KmffZ 98.11 98.42 98.95 98.12 98.58 100.21 98.90

Il 0.42 0.66 0.38 0.44 0.53 0.66 0.42

Ort 52.95 58.27 34.69 46.21 40.54 47.51 49.11

Ab 8.88 8.04 5.25 6.94 7.95 4.91 4.65

Ba-Fsp 8.22 8.72 0.50 1.91 0.55 0.31 0.37

An 7.94 7.29 2.63 2.38 2.08 1.93 1.98

Pl 25.04 24.05 8.37 11.23 10.59 7.16 7.00

Cor 1.27 0.92 3.70 1.78 2.86 2.39 1.98

Di 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Hed 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cpx 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Enst 0.05 0.02 0.02 0.00 0.05 0.02 0.02

Fsil 2.87 0.93 2.53 1.46 1.96 1.59 1.84

Opx 2.92 0.95 2.56 1.46 2.01 1.61 1.87

Nef 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Lc 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Q 14.82 12.87 48.54 36.17 41.26 39.02 36.80

ebriZlh\��h[j��DJ����DJ����b�e_cpblh\��h[j��������\�khklZ\_�kl_-
dhe� ihklhyggh� nbdkbjm_lky� ijbkmlkl\b_� nhknhjZ� �J2H5 = 0.5—
���� fZk�� ���� Z� lZd`_� wibah^bq_kdb� m^Z_lky� h[gZjm`blv� fbdjh�

dhebq_kl\Z�oehjZ� �����²�����fZk�����ijb�ij_^_e_�_]h�h[gZjm`_-
gby� �����fZk������b�nlhjZ� �����fZk����ijb�ij_^_e_�h[gZjm`_gby
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Jbk�� ���GhjfZlb\gu_� khklZ\u� kl_dhe�ba�ijh`bedh\uo� l_ogh]_g-
guo� iZjZ[ZaZevlh\� b� ijbjh^guo� iZjZeZ\� \� dhhj^bgZlZo� CaAl2Si2O8–
KAlSi3O8–SiO2.

>bZ]jZffZ�\hkijhba\_^_gZ�ih�[9]. ��²�kl_deZ�ba�iZjZ[ZaZevlh\;���²�kl_d-
eZ�ba�iZjZeZ\�<Zchfbg]Z�[9]; 3 — kl_deZ�ba�iZjZeZ\�<hklhqgh]h�DZaZoklZgZ�[1]

�����fZk������GhjfZlb\gu_�khklZ\u�kl_dhe�fh]ml�[ulv�^hklZlhqgh

lhqgh� hlh[jZ`_gu� \� dhhj^bgZlZo� ljhcghc� kbkl_fu� &D$O2Si2O8–
KAlSi3O8–SiO2 �jbk�����

I_ljhobfbq_kdb_�hkh[_gghklb�l_ogh]_gguo�iZjZ[ZaZevlh\

L_ogh]_ggu_� iZjZ[ZaZevlu� ba� l_jjbdhgh\� Q_ey[bgkdh]h

m]hevgh]h�[Zkk_cgZ�kh^_j`Zl�hl������^h������fZk����6L22��qlh�g_

khhl\_lkl\m_l�gb`g_fm�ij_^_em�dhgp_gljZpbb�wlh]h�dhfihg_glZ

^ey�ijbjh^guo�fZ]fZlbq_kdbo�ihjh^�hkgh\gh]h�khklZ\Z��Bo�hleb-
qZxl� lZd`_� ih\ur_ggu_� kh^_j`Zgby� $O2O3  � ����²����� fZk�� ��

CaO  � ����²����� fZk�� �� b� kmffZjgh]h� `_e_aZ�� \� i_j_kq_l_� gZ

Fe2O3 = ����²�����fZk�����Dhgp_gljZpbb�0J2 = ����²�����fZk���

b� 1D2O = ���²���� fZk�� �� g_h[uqgh� gbadb_�� Z� kh^_j`Zgb_� K2H

\Zjvbjm_l�hl�����^h�����fZk����

I_ljhobfbq_kdb_�ZgZebau�iZjZ[ZaZevlh\�[ueb�i_j_kqblZgu�ih

kbkl_f_� &,3:� gZ� ghjfZlb\guc� fbg_jZevguc� khklZ\� �lZ[e�� ���� >ey

fZkkb\guo�iZjZ[ZaZevlh\��h[j��DJ��DJ����jZkq_lguc�b�j_Zevguc�fb-
g_jZevguc�khklZ\u�ijZdlbq_kdb �kh\iZeb��Hkgh\guf� l_fghp\_l-
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LZ[ebpZ��

I_ljhobfbq_kdb_�ZgZebau�b�ghjfZlb\gu_ fbg_jZevgu_�khklZ\u
iZjZ[ZaZevlh\

� DJ DJ�� 0107 42-17-1 42-17-2

SiO2 45.65 44.06 37.78 43.32 50.07
TiO2 1.07 0.93 0.94 0.73 0.94
Al2O3 17.91 17.26 14.46 16.29 18.88
Fe2O3 1.19 0.94 1.57 1.41 0.92
FeO 12.64 11.29 18.82 16.92 11.03
MnO 0.27 0.21 0.26 0.24 0.19
MgO 4.62 5.67 5.61 6.46 3.38
CaO 13.86 16.39 16.07 11.53 10.53
Na2O 0.20 0.00 0.17 0.10 0.33
K2O 1.37 1.48 1.46 0.77 2.09
P2O5 0.68 0.51 0.77 0.36 0.41
KmffZ 99.46 98.74 97.91 98.03 98.77

Ap 1.61 1.21 1.82 0.85 0.97
Il 2.03 1.77 1.79 1.39 1.79

Magn 1.73 1.36 2.27 2.04 1.33
Ort 8.10 8.75 0.00 4.55 12.35
Ab 1.69 0.00 0.00 0.85 2.79

Ba-Fsp 0.00 0.00 0.00 0.00 0.00
An 43.93 42.73 34.38 41.73 43.86
��3O 0.99 1.00 1.00 0.99 0.98

Pl 45.62 42.73 34.38 42.57 46.66
Di 6.65 13.63 0.00 4.29 1.67

Hed 10.57 15.83 0.00 6.78 3.17
Cpx 17.22 29.46 0.00 11.08 4.84
Woll 0.00 0.00 16.83 0.00 0.00
Enst 7.62 0.01 0.00 8.52 7.64
Fsil 13.89 0.02 0.00 15.43 16.62
Opx 21.51 0.03 0.00 23.95 24.26
For 0.56 5.46 9.79 3.91 0.00
Fa 1.12 8.01 24.85 7.80 0.00
Ol 1.68 13.47 34.64 11.71 0.00
Nef 0.00 0.00 0.78 0.00 0.00
Lc 0.00 0.00 6.77 0.00 0.00
Q 0.00 0.00 0.00 0.00 6.60

Ijbf_qZgby� DJ��DJ���²�fZkkb\gu_�iZjZ[ZaZevlu; �����²�iZjZ[Z-
aZevlh\uc�dZi_evgbd; 42-17-1, ��²�ijh`bedh\uc�iZjZ[ZaZevl; :gZeba�DJ ih
^Zgguf�[6].
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guf fbg_jZehf� \� ^Zgghf� kemqZ_� y\ey_lky� \ukhdhdZevpb_\uc
debghibjhdk_g� keh`gh]h�khklZ\Z��`_e_abkluc�heb\bg�bf__l�\lh-
jhkl_i_ggh_� agZq_gb_��ieZ]bhdeZa�ij_^klZ\e_g�ijZdlbq_kdb�qbk-
luf�  Zghjlblhf��  fbg_jZehf-dhgp_gljZlhjhf�  dZeby� y\ey_lky
hjlhdeZa��jm^gu_�fbg_jZeu�²�fZ]g_lbl�b�bevf_gbl��\�dZq_kl\_

Zdp_kkhjgh]h�ijbkmlkl\m_l�ZiZlbl�

JZkq_lguc�fbg_jZevguc� khklZ\�ijh`bedh\uo�iZjZ[ZaZev-
lh\� lZd`_�[ebahd�d�j_Zevghfm��<�h[jZap_� ���������ij_^klZ\eyx-
s_f� kh[hc� p_gljZevgmx� qZklv� ijh`bedZ�� kh]eZkgh� jZkq_lZf�

^he`gu�ijbkmlkl\h\Zlv��gbadhdZevpb_\u_�debghibjhdk_gu�keh`-
guo� khklZ\h\� ijb� ih^qbg_gghf� jZa\blbb� `_e_abklh]h� heb\bgZ�

Zghjlbl�� fZ]g_lbl�� bevf_gbl�� ZiZlbl�� GhjfZlb\ghfm� hjlhdeZam

khhl\_lkl\mxl�kl_deZ��H[j����������[ue�hlh[jZg�ba�ahgu�dhglZdlZ

iZjZ[ZaZevlh\h]h�ijh`bedZ�k�njZ]f_glhf�hkl_deh\Zggh]h�Zj]be-
eblZ�� Ih�\b^bfhfm�� wlZ� ahgZ� y\beZkv� ijh^mdlhf� bgl_gkb\gh]h

\aZbfh^_ckl\by�f_`^m�^\mfy�dhgljZklgufb�obfbq_kdbfb�kj_^Z-
fb�� qlh� gZreh� hljZ`_gb_� \� baf_g_gbb� dZd�nZdlbq_kdh]h�� lZd� b

ghjfZlb\gh]h� fbg_jZevgh]h� khklZ\h\�� Ba� qbkeZ� ghjfZlb\guo

fbg_jZeh\�\� wlhf� kemqZ_�bkq_aZ_l�heb\bg��ihgb`Z_lky� kh^_j`Z-
gb_�KZ�\�debghibjhdk_gZo��\hajZklZ_l�^hey�Zev[blh\h]h�fbgZeZ�

dhlhjuc�\�j_Zevghklb�ijbkmlkl\m_l�g_�lhevdh�\�ieZ]bhdeZa_��gh�b

\oh^bl�\�khklZ\�kl_dhe��Kh]eZkgh�jZkq_lZf��m\_ebqb\Z_lky�lZd`_

dhebq_kl\h� ghjfZlb\gh]h� hjlhdeZaZ� b� ihy\ey_lky� k\h[h^guc

d\Zjp��qlh�gZoh^bl�khhl\_lkl\b_�\�rbjhdhf�ki_dlj_�khklZ\h\�kl_-
dhe��kf��lZ[e�����

>ey� iZjZ[ZaZevlh\h]h� dZi_evgbdZ� ghjfZlb\guc� b� j_Zev-
guc�fbg_jZevguc�khklZ\u�kh\iZ^Zxl�\�hlghr_gbb�lZdbo�nZa�dZd

\ukhdh`_e_abkluc�heb\bg��Zghjlbl��fZ]g_lbl��bevf_gbl��ZiZlbl�b

e_cpbl�� :ghfZevgh_� khhlghr_gb_� KZH��$O2O3�)H2�0J2�� \� ih-
jh^_�ijb\h^bl�d�ihy\e_gbx�agZqbl_evguo�dhebq_kl\�\heeZklhgb-
lh\h]h�fbgZeZ�\�ibjhdk_gZo��ih\ur_gbx�bo�h[s_]h�kh^_j`Zgby

^h�������ihy\e_gbx�n_jjhfhglbq_eeblZ��&D)H6L24��b�\oh`^_gbx

dZevpby�\�j_r_ldm�`_e_abkluo�heb\bgh\�

LZdbf� h[jZahf� fh`gh� k^_eZlv� aZdexq_gb_�� qlh� obfbq_-
kdbc�khklZ\�l_ogh]_gguo�iZjZ[ZaZevlh\�\�h[s_f�kemqZ_�y\ey_lky

[he__� fZnbq_kdbf�� q_f� m� ijbjh^guo� fZ]fZlbq_kdbo� ZgZeh]h\�

WlZ�hkh[_gghklv� �ihfbfh�g_ihkj_^kl\_ggh]h�\ebygby�km[kljZlZ�

fh`_l�[ulv�h[tykg_gZ�k�ihabpbc�nhjfbjh\Zgby�`_e_abkluo�iZ-
jZeZ\� \� \hkklZgh\bl_evghc� h[klZgh\d_�ijb� ^Z\e_gbb�� [ebadhf� d

Zlfhkn_jghfm�� MqZklb_� \� ijhp_kkZo� nhjfbjh\Zgby� jZkieZ\h\

agZqbl_evguo�dhebq_kl\�ijh^mdlh\�l_jfbq_kdh]h�jZaeh`_gby�KZ�

kh^_j`Zsbo�dZj[hgZlh\�h[mkeh\beh�\ukhdmx�hkgh\ghklv�iZjZeZ\
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(CaO+MgO)/SiO2�  � ���²�����qlh��\�dhg_qghf�kq_l_��lZd`_�kms_-
kl\_ggh�ih\ebyeh�gZ�bo�blh]h\uc�fbg_jZevguc� khklZ\��IeZ\e_-
gb_�[Zablh\h]h�km[kljZlZ�\�\ur_gZa\Zgguo�mkeh\byo�ijb\h^bl�d

aZdhghf_jghfm�k^\b]m�khklZ\Z�jZkieZ\Z�\�klhjhgm�_]h�h[_^g_gby

.��1D�b�6L�\ke_^kl\b_�bo�me_lmqb\Zgby�gZ�jZggbo�klZ^byo�ijhp_k-
kZ�h[`b]Z�>�@��Hkh[_ggh�bgl_gkb\gh�b^_l�\u]hjZgb_�gZljby��Hgh

ijhl_dZ_l� kbgojhggh� k�ijhp_kkZfb�\ukhdhl_fi_jZlmjghc�^_]b^-
jZlZpbb� kehbkluo� kbebdZlh\�� M`_� gZ� jZggbo� klZ^byo� ]hj_gby

l_jjbdhgh\� Zj]beeblu� l_jyxl�[hevrmx�qZklv�1D22�b�ijZdlbq_-
kdb�\kx�\h^m�>�����@��Wlh�y\e_gb_�^_lZevgh�hibkZgh�^ey�m]hevguo

ahe� >�@� b� wdki_jbf_glZevgh� ih^l\_j`^_gh� g_ihkj_^kl\_ggh� ^ey

[ZaZevlh\uo�kbkl_f�>��@�

JZ[hlZ� \uiheg_gZ� ijb� nbgZgkh\hc� ih^^_j`d_� JNNB

�]jZgl����������������
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