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 �� ��C�� 	��	5����
�'�.4 `�'&.4L�F+J�K ��'�() ���> 6�:�:�� ��=�� 6

�F)6,�4"� 1�/./� �	�F<: 6�: - 6��%(� D��f �4 �@ '
�<' D��f �4 ;+��/.4 �� �2	�
 �4 6�&�� - �2
,�2�+) 6�:

9��"��N �4 B
�� ;F' �;F' 6�:"��N - 6&#��&� ���T 6& .
L�F+J�K;F' 9�� �4 6��%(� D��f �4 "�/� / 6�:��:�/- �4K

��= D��f �4�4 .2%+4 - �2	�
��=�� �
,�5 D��f �� ��- �&�
�/.4 �g' ���T - #��&� ���T ;+� �2+ '& �� �5 �2
,�2�+) 6

�� E
�<� �4 &� ��,�' �	�4�4 #��&\/�� �> 6��] ,& 1&�5
"8&- ��+) 6;F' 6&.41K 9('�.> "��J2'& �: .Z,& �g�� 

�F) 9(' -� �� ��=�� L�F+J�K 6�:�� 4"� ��g(� 6,�4 - @ '
"�/� /)B$)X(�&.N ��-.2$�& P,&�.7 ;
� �'�.4 ����

1K �
�2� �> #(2	./ L-#= �� �:p"#) "��-K #�&.

��
EG�&(��5
� .+7�$'-.$�	�2�K + +�)Anth ( ���<� ��6HB14 �F) �� ��=��.7
5-#+��:6;>.� ;F' #(4.<> 6���/./� �	�F<: �"�-
n h@ ' (��5
.BSE 	�2�K ,&+ +'�.4 ��)"#6���<� 6HB14 �� �4+`�m100.

��
FG�& (��5
� .+7�$'-.$����.5 +�)Tr ( ���<� ��68-1N �F) �� ��=�� .7
5-#+��:6;>.� ;F' #(4.<> 6"� 1��/./� ��	�F<: h@ �'
n(��5
.BSE���.5 ,& +'�.4 �����<� �� "#) 68-1N�� �4 +`�m100.
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& �'�() ���> - �'�()�� 4 {�}

��
G�:�&��<� 6#(4 "�� 6J�K +L�F �7 .4 �:
�6>.5 +) Q+<+��
1K�:]��[G�& �(eN��+J�K �+L�F�:6�F) �� ��=�� .7
5-#+��:6��	�F<: 
"� 1�/./�4 �@ '+���<� .2%".2�/ �� �:6� > +n h#��&� �&.N A(eN��+J�K �+L�F�:6� > +�'�.4 ���� A�����<� �".2��/ �� ��:6���.5 �+��

���.5 #( F���:+2�#( F���: -(�+;
@#��&� �&.N �&�).�=.7�2�
5-#+_'& �+B(��&�♦=.7�2�
5-#+A��5 ��&�.(

�:/C>��2S�' L��.	6J�K +L�F�:6�F) �� ��=�� .7
5-#+��:6"� 1�/./� �	�F<: @ ' 
Sample ��> ���� ��<2S�' L��.	�J�K+�: L�F `�'& .4Wp�>& @5& +1�
HB14 	�2�K+ +� (Mg6.1Fe2+

0.4Mn0.02Ca0.02)(Al0.2Si7.5)O22(OH)1.99 
8-1N (� #( F���:+;
@�&� (K0.03Na0.2)(Ca1.8)(Mg4.04Fe3+

0.6Al0.3)(Al0.9Si7.1)O22(OH2 )

HB14 ���.5 #( F���:+2� (K0.01Na0.2)(Ca1.8)(Mg4.1Fe3+
0.5Al0.4)(Al0.8Si7.2)O22(OH1.98F0.02)

HB12 ���.5+� (Na0.1 Ca1.7)(Mg3.96Fe2+
0.2Fe3+

0.3Al0.5)(Al0.5Si7.5)O22(OH1.9F0.1) 
7-2D (� #( F���:+;
@�&� (K0.04Na0.3)(Ca1.9)(Mg4.3Fe3+

0.3Al0.4)(AL0.9Si7.1)O22(OH1.997F0.003)

��
H��5 
J�K �� 4 .+L�F)Am(n - G�& h(,�4�2� ��
��:6"�@ ' FgN ��� ��+�]���2� "#)xpl (F] -+�e�)ppl(� - � h(�F�) �� �4,�6��:6
FgN ��� �� "�/� /+�]��2� "#)xpl (F] -+e�)ppl(�<(/�;4 ��
Y[.4&.4 .



# =��"��<) ���;+
�7 ���x L�F+J�K �<+)�i8 6.+/��$4 6.+/ B$) �'�.4 �� �: . . .{��

�:/C?'�.4��
),&�.7;��-.2$�& �J�K +L�F�:6�F) �� ��=�� ,�46�:6��,- #�f�� Q��T .�4 "�/� / - @ ' "� 1�/./� �	�F<: �)wt% ( -
��2S�' L��.	61K�:.

��>�J�K +,�4�2� �� L�F
��+8���26
BpBpBpSblSblSbl���<� 

lW UWUpl���K+;
UV/Yl [Z/YV WY/YY XV/YY Vp/YY W[/Yp SiOW

WY/[WZ/[pr/[W[/lrV/[YU/lTiOW

YY/lW Ul/lp rV/lY WY/lp Yr/lW XV/lp AlWOp

lp/[WZ/[WZ/[[r/[[p/[lU/[CrWOp

Y[/lV [U/lV rU/lY Vl/lV Zr/lW rZ/lV FeO 
[Z/[[W/[[r/[WU/[WY/[p[/[MnO 
Zp/lY lW/ll YY/l[ XU/l[ lr/ll ZW/l[ MgO 

UV/XYX/ll Vl/ll WV/lW [Y/lW  ll/lW CaO 
Zp/[YW/lVr/lZ[/lXY/lll/WNaWO

l/[W[/[WY/[lZ/l[l/ll[/lKWO

[U/[[p/[[U/[[[/[[[/[[V/[NiO 
Yl/rp Xp/rU XX/rU UZ/l[[ rl/rZ UZ/l[[ Total 

`�'& .4Wp@5& �>&+1�
lV/ZYY/ZpV/ZYW/ZpY/ZWp/ZSi 
[p/[[p/[[Y/[lp/[lZ/[lZ/[Ti 
UV/lVZ/lZV/lVU/lZZ/lXX/lAl iv 
p[/[XX/[UU/[ZZ/[pV/WVX/[Al vi 
[W/[[p/[[p/[[l/[[V/[[W/[Cr 
[[/[[Y/llZ/lZp/lW/[Zp/lFeW+

[l/[[[/[[l/[[p/[[/[[ [Y/[Mn 
W[/ppX/WWp/Wpl/WWp/[WU/WMg 
WY/lXZ/lXX/lUU/lZZ/pUX/lCa 
lU/[pr/[YY/[YV/[[l/[Vr/[Na 
pU/[[Y/[[Y/[Wl/[[[/[W/[K
[l/[[[/[[l/[[/[[ [/[[ [l/[Ni 
pX/lp Yp/lY Zl/lY pl/lV ZZ/lY pX/lV Sum 
UZ/[V[/[YW/[WZ/[[/[[ pY/[Fe3/(Fe3+Alvi) 
[[/lX[/[ZZ/[Vr/[Vp/[ZX/[Mg/(Mg+Fe2)

B$) �� UB$) -r��J�K D-��J5 1&�5+L��F ��:6"�- @ �'
 .:�� B$) - 9�� �4 &� "�/� /6-��5 �� ���K 
� .+7�$'-.$�-

-��5
.BSE1K �.> "#:�%� �:.
��2S�' L��.	6&
��> *�`�'& .4 Wp�>& @5& +"&.<: 1�

i;= �4+"#) �F'�z� D� �'&)L-#=Y.('�.4 �4�"�&� �:6
���K ,& Bf�T+;�g��&6& �
��> *���g(� �� 6"�"�/� / - @ '
>.5 .d� ,&+) Q+<+��
�+D-�J5 ;�:�
� 1�%� &� �#:� .

J�K+L�F� > ?�� ,& ��g(� -� .: �� �:+@#(2�: �&�)B$)l[(

J�K -+L�F�:6"� 1�/./� 4 @ '+,�/��7 ?�� ,& .2%
- �
J�K+L�F�:6>��.3 ?�� ,& "�/� / +#(2�: �.

�&��<� �� AlIV �4 �F�� AlVI]��[�F���AlVI/AlIV �� 
�:�� 46J�K +'�.4 ���� L�F�4+��5 .J�f *lW/p& - "���4 �
*

��<5 �� �F���J�K +L�F�:6�F) �� ��=�� ,��46�F�) - ��:-
.7
5-#+�,& .2<> �:p/p&.4�(4 ��'& 
J�K -.< N �� *+L�F ��:6

� �&.N 1�/./��/+#�.)B$)ll.(



6.N�4��.0��4�+4 ���N#(J'& 6.f�� 6#:&,�<+)�>�� �� I�1&.
& �'�() ���> - �'�()�� 4 {��

��
IG�&(��5
.�+7�$'-.$�#( F���: )Hbl (;F'�4K����<� �� "�/� / 6B3 n �(���5
.BSE ����K #�( F���: +����<� �� "#�) ;6B3 ��4 
��+`�µm100.

��
JG�& (��5
� .+7�$'-.$�#( F���: )Hbl ( �� ;F'
"��N �4 B&65 �+��2+�)Ti ( 8�7 -
�F) ,& ,�>�,�46��:6"�����<� �� @ �'6Sb1n �(

��5
.BSE5 �#( F���: +��2+8�7 - �
���K ,�>�+���<� �� "#) ;6Sb1�� �4 +`�µm100. 

��
=K#(4 "�� �&��<�6>.5 +J�K Q+L�F�:]Wl [eN�� -+J�K �+L�F�:6�F) �� ��=�� ,�46�:6�� > ?��� ,& �> +#(2��: A.BeN�� �+�&.�N �
/+.6
1��:6#'
� > - @+�'& @) .�=�F) ��,�46- "�/� / �=�F) ��,�46"�@ '.(



# =��"��<) ���;+
�7 ���x L�F+J�K �<+)�i8 6.+/��$4 6.+/ B$) �'�.4 �� �: . . .{��

�:/CE��2S�' L��.	 6J�K G 2�� ?&��& +L�F�:6�F) �� ��=�� ,�46�:6"� - "�/� / @ '.
Sample ��> ���� ��<2S�' L��.	�`�'& .4 Wp�>& @5& +1� AB2

VIC5
IVT8O22(OH)2

Sb1-1 ferroan pargasite (K0.2Na0.6Ca1.9)(Mg2.3Fe2+
1.6Mn0.04)(Fe3+

0.3Ti0.2Al0.6)(Al2Si6)O22(OH1.8F0.2 

Sb1-3 Ferroan pargasitic 
hornblende (K0.2Na0.5Ca19)(Mg2.4Fe2+

1.5Mn0.03)(Fe3+
0.3Al0.6)(Al1.6Si6.4)O22(OH1.9)

Sb1-8 Ferroan pargasitic 
hornblende K0.2Na0.5Ca1.9)(Mg2.3Fe2+

1.6Mn0.03)(Fe3+
0.2Al0.7Ti0.1)(Al1.6Si6.4)O22(OH1.8F0.2)

Glg-2 tschermakitic 
hornblende (K0.04Na0.4Ca1.8)(Mg2.2Fe1.2Mn0.01)(Al0.9)(Al1.7Si6.4)O22(OH1.97F0.03)

Glg-8 ferrian-tschermakitic 
hornblende (K0.04Na0.4Ca1.8)(Mg2.4Fe2+

1.04)(Fe3+
0.8Al0.8)(Al1.6Si6.4)O22(OH1.9F0.08)

Glg-15 magnesio-hornblende (Na0.4Ca1.8)(Mg2.4Fe2+
1.4)(Fe3+

0.4Al0.8)(Al1.3Si6.7)O22(OH1.9F0.1)

��
==&#= �&��<�
J�K E+L�F�:6J�K ,& 1�/./� +L�F�:6�</�� �
]��['.5+�:�� 4 @6J�K +�F) �� ��=�� L�F,�46�F�) -.7�
5-#+���:6
��/./� �	�F<:�"�-� @ '6�&��<�AlVI/AlIV ��<5 h����<� ".2�/ �� �:6J�K +L�F�:6�2	./ �&.N 1�/./� �#�& )�=	�2�K+ �+���=���.5 �+ �

�F) ��.7
5-#+�- �:���=�F),�46�:.(

L���6�� �� ��M� N���� +���� 

$�L-&#2� ,& .5
P-� *&.4 �:6'�.4 ��:6,& "��J2'& ���%	 

J�K+�'& L�F .,�5
f�(! �.Al -NaB��> �� �J�K +�4�5 L�F
&.4�(4 - "��4 ��%	
& ,& *
� .�(! *�&.4 1&�56e5++��%	 *

��/./���.> "��J2'& ]Wp�p[[.�&��<� �4 �=�5 �4lW�F�� 
NaB(NaM4) .4&.4 �� Alvi+Fe3++2Ti+Cr]p[[1�%� 

"#(:�6�7 ��%	 +
J�K *+L�F�:6�F) �� ��=�� ,�46�:6"�-
/� / - @ '�F) - "�.7
5-#+��:6"��'& @ ' .(�<:+.4 *
�&#�� `�'&Ti -Al��> �J�K +� �L�F�".2�/ 1&�56��%	 

$%5+& B
��> *�e5 &�++�.> *]��[���� �&��<� �� �> 
.Ti �� 
.4&.4Al��> �J�K +��<5 �L�F�J�K +L�F�:6�F) �� ��=�� -

.7
5-#+��F) -,�46�:6"�".2�/ �� @ '6%	�7 ��+
�&.N *
�2	./)B$)lpG�&.(�F��Alvi/Si�+J�K �� ;+L�F�:6

�F) �� ��=��,�46�:6��g(� 6"��7 "�/� / - @ '+
- �'& *
��<5�J�K +L�F�:6�F) �� ��=�� .7
5-#+��F) - �:,�46�:6

"� RS ~&.]& �� "�/� / - @ 'V>+�&��<� ��4� ]��[�&.N 
�2	./:� 1�%� �> #�&"#(6�:��%	 6�7+
*#�&)B$)lpn.(

J 2�� 1�.> ��#� 1�(>�5�&.4 6�('��%	 Al #( F���: �� 
"#) �i&�&#�&]WZ�WY�Wp�lZ .[&.46e5++�F) ��%	 *,�46�:6

��g(�6'�.4 ���� �P-� ,& ]��[�'& "#) "��J2'& .& .4
*
� `�'&+0��+&.4 "#�K �'� �4 ��%	 *6�F) ,�46�:6"�@ '

KbUZ/V&.4 -6�F) ,�46�:6"�/� / KbWY/Z�'& "#) �F'�z� .



6.N�4��.0��4�+4 ���N#(J'& 6.f�� 6#:&,�<+)�>�� �� I�1&.
& �'�() ���> - �'�()�� 4 {��

��
=>���� �&��<�
.NaM4 .4&.4 �� Alvi+Fe3++2Ti+Cr ��>�J�K +& �� �L�F
J�K �&���<� *+L��F ��:6���g(� 6�'�.4 ����� �)�=�F�) ��-
.7
5-#+- ��=�F) ��,�46(".2�/ ��6�7 ��%	 +
�2	./ �&.N *#�&.

��
=?G�& (�&��<� Ti .4&.4 �� Al ��> �J�K +�L�F "#((� &#=6.2�/"Q�+�.5 `��'& .�4 R�'�2� ��%�	 - *+
�7 ��%	 ��: L��F+J�K ��:]��[

J�K+L�F �:6'�.4 ���� �".2�/ �� �6�7 ��%	 +
�2	./ �&.N *n h#�& (�&��<�Alvi .4&.4 �� Si>.5 +��> Q�J�K +&.4 L�F6e5++".2��/ *6.�5 
�F�
�%	J�K �+�F) �� L�F.7
5-#+�F) - �,�46�:6"�"�/� / - @ '),& �2	./.4]��[)B$) O4�g� @i�!ll.(

L���6�� �� ��� N���� +���� 
�&#��Ti ��> �� ��:6'+ +5�$�- �4 
J�K "�+L�F � ���:+- ��:�$

7+*�>-. ��'��� �4�5 �: .&;�	&
�&#��� ETi ���> �� ���=�� �
J�K+4 L�F+;	& �4 .2%&
���� E6���/./� ��� - ��'& �2��4&- 
2�+�=�� �I6���/./� �&;�	& ��4 -� 
��'& E]WY�pp�pV[.
&.46�F'�z� 6��� 6��/./� ��F) �� ,�46�:6��g(� 6���� 

'�.4�J�K ,& "��J2'& �4 �+�('��� ,& �L�F�:6J 2�� �1���<: 
�&#��Ti >.5 �� +��> Q�J�K +L��F]�x[I(�'��� P-� ,& -�

]�{[.&.��46��� ��
 P-� ���4 ����
���'& "#��) "��J2��'& "#��) �� .

(�<:+�4.I5 �('��� ,& *�J�K +L��F�8�7 �
,�>� ]�� [ &.�46
e5++��� *6.�5 
F�,�4�2� 6�'& "#) "��J2'& �: .�2�
Bf�T �

"��J2'& ,&64.I5 �('��� �]�x��{[� ��] �4 +0��+�F) �� *-
,�46�:6"�@ 'X/X[X �=�� 62��' ��� - �&./,�4�2�
���:6

"�/� /U/VWX �=�� 62��' ��'& �&./ .���6"#��K ��'� ��4 
&.46,�4�2� �
���:6���g(� 6"��(�'��� ,& "��J2�'& ��4 @ �'

4.I5�J�K +L�F-8�7
,�>�]��[.�5 
�4 t��F+*W[±Vp[ ��=�� 
2��'�- �&./WV±ZV[2��' �=�� ��'& �&./)B$)lY.(



# =��"��<) ���;+
�7 ���x L�F+J�K �<+)�i8 6.+/��$4 6.+/ B$) �'�.4 �� �: . . .{�x

��
=E�&��<�Ln(XAn/XAb) �� 8�7
.4&.4 �� �:,�>�Ln(CaB/NaB)J�K �� +L�F&.4 �:6��� �&#�� �F'�z� 6��/./� �]��[.

	��� ��
��O�� N��5 	�� 
���F�� �'�.49(' 6�<' �4 - H.) n.c ,& 1�/./� 6�:

"� 1�/./� �	�F<: 6;>.� ��z� ,& �
�$T ,�4.
� ,& @ '
�=�� E
&;	& �'& �2)&� ���/./� 6]�[�03 ��- �*
& �0�

�'& "��F� "#) �2S�() 1&#(3 1K ��> - ,�' - 6.+/ B$).
L�F+J�K �'�.49(' �� �: �� &� 1�$�& *
& �!�<I� *
& 6�:

9(' �> �'& "�&� �&.N �� ��+2S&� ! .d� ���� 6�: @c�
�� ��%	 E:�> P��2'� 1�%
��� �F�� E
&;	&#��) .b�4

"� �	�F<: 1#�K��T �4 6;>.� E�4 �� @ ' ��(> �� 1��&�5 �
6a�J� �(e
 ��S ���./ "�02'�S��g(� �2+�&./ 6�: *
.5

�� �> �'& 6.+�J5 �!�<I� *
& 6.+/ B$) ���� �� 1&�5

�)&� .���F�� - ��
, @IT9(' @+�s 66-� �4�'� 6�:
�+T�� ���/./� �4 �+F) �g
&.) .0
#$
 �4 R'�2� ��%	 6&

���> ���T��g(� 6�:����/ 6�:��2'& �+�-�]�[@:&.	 &� 
�'& "��-K .�>.T ��	�F<: ��z� �� �H.) �<' �4 �>.T �4

"��5B�/ 1��&�5 �.$ <! - b�4 �<' �4 �2+�&./ 6�: �
�:

 b�4 �<' �4 ���/./� �	�F<: �5 #) QF' ���> B�/ .+d�
"� �	�F<: �N.) E�4 - #(> ��ef `�<5 �� �> @ '

6a�J� �4 @+�2���(�7 - 6#+'& 6�: �:�+5�<0+� 6�
&,

E�4 �4 �F�� 6.2%+4 �/#�K b�4 �"��4 ���N�	 A+'&�-8 6�:

�.'#)�4 �2)&� �4.c .5.
�
!��� 

l.'�.4 ,& "��J2'& �4��:6��> �'�()�� -
P,&�.7;

�-.2$�&�-�69(' �:6�F) .7
5-#+�F) - �,�46���� 
'�.4�@�� �.5
J�K *+L�F�:6�F) �� ��=�� .7
5-#+��:6

F<:��/./� �	��"�	�2�K ?�� ,& @ '+ +���.5 - �+�� - �
�F),�46�:6,�/��7 ?�� ,& 1K 
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