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Abstract: Astaneh granodiorite intrusion, located at south west of Arak, includes an abundant 
rounded and rarely ellipsoid microgranular enclaves composed of gabbro, diorite and quartz 
diorite. The diameter of enclaves ranges from a few millimeters to 40 centimeters. These 
enclaves are very fine-grained and show chilled margins. The size of crystals decreases gardually 
from center toword margin. The chilled margin is an evidence of rapid magma cooling once the 
enclaves were surrounded by host felsic magma. Occurrence of the mafic microgranular enclaves 
within the felsic rocks with disequilibrium textures including: poikilitic texture of K-feldspar 
megacrystals, ocelli quartz rimmed by zones of fine-grained accumulations of early formed 
minerals, zoned plagioclase, mafic clots, acicular apatite, small lath-shaped plagioclase within 
large plagioclase, all indicates the mixing of two magmas. Based on microprobe analyses, the 
plagioclase crystals show a variable composition from oligoclase to andesine in granodiorite and 
from andesine to labradorite in enclaves. They have essentially normal zoning. The enclaves and 
their host rocks, geochemically, are not different from each other and enclaves are enriched in Cr, 
Ni, and Co. In addition, the enclaves display the HREE enrichment compared to their host 
granodiorites. Therefore, it seems that the enclaves and granodiorites have been originated from 
two various depths of magmas with different depths which were located adjacent to each other by 
magma mixing process.  
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���0�� � % �%�H9�%0L ���0�� (.!P? 4�%/0F�(!G �15� &'Q �(&A6% �I �9 !�� 8R ���� !�� �� !55S9  %�.���KL "6%&K�% T5U$K9 @�KI

 /0F�(!G <&'I� �= HL!� 6% !9H�� ��E��V W�G �� �I� �I.��0G ��%� H�� /0F�(!G�I6% �X�A >�!  �&3 �!  /�K#'I �= <&�6�  �0#G=
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�F �Y�u ��151V ���5?0E!  ���1V @&YA% �%!�% � �'3 ���X ( � �'3�01G �1�� r��

 &'��!+ �%!? � �!G .`��	( "�#� � <&'I� C��3vr( �K	(015X 
���!E J&3r�K % "�0KG !]�=0��� .�9�)515K  @�I��%&���K %

 ���K51? ��]K &1� �}5�K1X @%!G �5�0� a( �}�&  @%!G �5Z�%`

 @%!KG �K5	���� �}�H5'� @%!G �59����% �}5'5�0	= ( }5 ��; @%!G
���� ��UG !-�� @%!G �59�;= ( H'#'� ( 4I=&�% .

"��5 ?�"�%��GH5� ���0��0�%!+ 6% �X�V ���� ��1.% !.�'2 ��H�9 @�I.
Elements CSa25 M12 Ch1 K2 K5 44 CSa5 14 Pa7 Pa21 

SiO2 63.59 62.62 64.50 63.57 63.36 63.09 62.59 63.02 65.14 65.53 
TiO2 0.52 0.49 0.54 0.54 0.55 0.54 0.55 0.53 0.47 0.43 
Al2O3 16.00 16.12 15.90 16.02 15.09 16.41 16.00 16.10 15.64 15.57 

Fe2O3T 5.64 5.88 6.10 6.11 6.34 5.89 5.64 6.39 5.45 5.16 
FeO 5.13 5.34 5.55 5.56 5.76 5.36 5.13 5.81 4.96 4.69 
MgO 2.46 2.89 2.81 2.86 2.96 2.86 2.46 3.09 2.66 2.27 
MnO 0.10 0.12 0.11 0.11 0.12 0.11 0.10 0.12 0.09 0.11 
CaO 4.30 3.92 3.98 4.61 4.62 4.83 4.30 4.75 4.80 3.88 
Na2O 2.23 2.40 2.45 2.48 2.43 2.12 2.22 2.17 2.42 2.11 
K2O 3.03 2.84 2.55 2.74 2.89 2.94 3.03 2.85 2.74 3.23 
P2O5 0.11 0.08 0.12 0.11 0.11 0.10 0.11 0.10 0.09 0.09 
P.F. 1.54 2.62 1.86 1.58 1.37 1.60 1.54 1.42 0.93 1.61 

Total 100.06 100.52 100.84 100.64 100.45 100.49 100.06 100.59 100.43 100.44 
Li 53.71 58.11 49.86 53.76 51.17 41.11 54.43 53.53 30.98 34.20 
Be 1.53 1.46 1.65 1.30 1.45 1.62 1.56 1.78 1.16 0.80 
Sc 25.35 16.27 22.97 16.76 20.27 20.30 17.60 22.26 17.18 10.18 
V 123.42 78.07 100.69 78.82 80.92 91.72 71.33 105.83 83.14 55.91 
Cr 191.27 62.41 155.34 110.40 153.43 171.12 143.89 166.25 96.20 100.48 
Co 34.31 9.34 29.54 24.12 13.18 12.97 11.80 16.99 11.10 8.25 
Ni 23.04 15.07 19.37 14.12 13.25 14.85 12.69 19.46 14.50 9.91 
Cu 34.79 5.95 35.06 4.87 <0,01 3.73 19.05 14.31 8.91 3.80 
Zn 67.45 43.53 82.98 50.16 45.63 43.16 40.71 57.17 37.30 33.66 
Ga 61.85 14.62 65.28 46.57 16.82 17.42 17.11 25.21 17.67 13.03 
As 3.66 6.17 3.30 3.92 10.50 28.72 7.19 8.16 12.65 5.72 
Rb 102.96 91.49 89.82 82.75 97.29 79.50 95.31 101.17 70.40 58.10 
Sr 168.97 127.65 166.57 138.58 135.52 153.43 143.81 152.70 124.28 90.15 
Y 22.47 14.29 24.80 16.62 19.91 16.86 17.70 22.13 17.72 10.38 
Zr 103.57 89.29 120.54 104.46 110.71 116.96 116.07 104.46 103.57 80.18 
Nb 11.21 7.81 11.19 8.92 8.68 8.79 8.54 10.53 8.18 6.00 
Cd 1.05 0.23 1.06 0.66 0.21 0.33 0.13 0.09 0.09 0.01 
Cs 11.12 11.87 9.77 10.66 9.48 12.82 11.22 12.21 13.20 11.67 
Ba 109.99 229.77 255.68 195.34 260.98 246.66 283.55 267.83 205.84 163.77 
La 26.56 18.96 26.94 19.00 23.00 22.40 23.85 26.43 29.00 28.00 
Ce 51.69 38.47 52.67 29.31 31.45 45.76 49.64 51.14 36.88 53.00 
Pr 6.59 4.55 6.88 3.77 4.13 5.44 6.01 6.58 4.76 3.21 
Nd 21.64 16.01 22.83 12.89 16.25 19.21 20.92 21.22 16.05 10.33 
Sm 4.51 3.11 4.89 2.88 3.70 3.73 4.10 4.47 3.52 2.16 
Eu 0.99 0.63 1.04 0.74 0.77 0.77 0.77 0.94 0.67 0.45 
Gd 4.54 2.83 4.74 2.99 3.72 3.32 3.74 4.36 3.56 2.14 
Tb 0.86 0.51 0.93 0.57 0.66 0.58 0.62 0.83 0.69 0.42 
Dy 4.25 3.00 4.63 2.96 4.09 3.50 3.68 4.19 3.49 2.16 
Ho 1.02 0.61 1.14 0.74 0.84 0.69 0.74 0.97 0.85 0.51 
Er 2.55 1.72 2.85 1.88 2.35 1.95 2.00 2.49 2.16 1.32 
Tm 0.42 0.25 0.48 0.30 0.33 0.27 0.30 0.40 0.35 0.20 
Yb 2.31 1.67 2.58 1.70 2.24 1.83 1.93 2.20 1.93 1.18 
Lu 0.42 0.24 0.44 0.30 0.34 0.27 0.27 0.39 0.33 0.20 
Ta 1.74 1.64 1.08 0.85 1.73 1.76 1.80 1.00 0.84 0.60 
W 9.29 0.92 6.76 5.20 8.60 9.38 8.10 7.23 3.51 6.31 
Pb 31.03 20.94 35.63 24.68 14.56 153.43 16.92 15.42 11.81 10.56 
Th 12.37 8.58 11.66 12.00 11.94 11.80 12.07 11.15 13.00 16.00 
U 3.04 1.39 2.06 2.37 3.70 2.30 2.50 2.35 2.01 2.20 
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&1E��"��Y3 �8������6 �7�� ���X &I%03�� ���Y+�� �#��5�= ���5Y530Z` ( � �'3. . .r�r

"��5B"�%�/0F�(!G 6% �X�V ���� ( ��1.% !.�'2 ��H�9 @�I� �!G ��0� �
P'� @�I.
Elements EK4 E25 EPa1 CESa4 ESa10 E17 E19 E28 E29 

SiO2 52.63 53.82 54.57 54.35 55.74 56.09 57.81 58.03 59.22 
TiO2 0.56 0.48 0.41 0.45 0.53 0.45 0.59 0.50 0.45 
Al2O3 15.12 13.98 14.66 14.97 16.73 15.65 17.64 16.67 16.11 

Fe2O3T 10.52 10.24 10.34 9.06 8.61 7.84 7.70 8.66 8.94 
FeO 9.56 9.31 9.40 8.24 7.83 7.12 7.00 7.87 8.12 
MgO 7.08 7.83 7.28 6.98 5.17 6.33 4.05 4.55 4.64 
MnO 0.25 0.23 0.27 0.23 0.19 0.17 0.15 0.18 0.21 
CaO 8.95 9.49 8.12 8.53 7.03 8.02 5.66 6.99 5.86 
Na2O 2.75 2.91 2.84 2.92 3.02 2.72 2.60 2.85 3.10 
K2O 1.37 1.32 1.27 1.69 1.69 1.68 1.95 1.77 1.96 
P2O5 0.09 0.07 0.06 0.06 0.08 0.06 0.09 0.07 0.07 
P.F. 1.27 0.93 1.44 1.56 1.67 1.70 1.78 0.97 0.46 

Total 100.51 100.53 100.61 100.57 100.58 100.70 100.47 100.40 100.26 
Li 27.32 25.37 44.15 23.87 46.22 38.66 55.68 25.34 35.25 
Be 1.13 1.01 1.40 1.23 1.40 1.10 1.15 0.81 1.41 
Sc 29.73 39.60 36.55 46.95 44.13 35.58 22.89 26.73 33.06 
V 136.54 172.97 162.20 158.14 139.93 181.66 121.39 116.76 154.53 
Cr 304.48 439.70 337.10 370.61 174.58 336.31 96.53 104.01 165.04 
Co 25.45 45.38 32.82 27.18 23.81 41.99 16.92 19.38 24.56 
Ni 66.84 70.64 88.76 78.95 28.39 41.04 17.88 17.66 25.17 
Cu 86.88 50.74 66.20 90.40 63.76 25.71 11.20 38.61 15.28 
Zn 67.31 100.89 83.94 90.17 81.05 7.95 65.41 60.26 72.68 
Ga 16.36 52.67 19.30 22.25 22.65 51.05 20.27 18.56 23.37 
As 11.53 5.15 37.46 4.32 3.80 8.31 7.86 6.27 7.54 
Rb 47.01 52.66 60.56 55.03 131.60 60.24 80.01 49.10 79.51 
Sr 130.61 155.97 144.07 156.92 147.32 166.36 143.01 141.26 164.77 
Y 31.47 31.45 51.49 64.37 28.07 17.22 17.36 11.61 14.66 
Zr 31.43 31.34 25.89 10.71 22.32 33.75 82.23 35.71 37.32 
Nb 6.76 7.35 7.76 9.18 9.32 6.25 8.37 5.83 7.16 
Cd 0.21 1.05 0.22 0.14 0.08 0.92 0.08 0.13 0.13 
Cs 6.86 6.05 8.44 6.51 11.73 4.83 7.00 5.17 6.22 
Ba 132.66 235.34 144.09 211.51 219.05 222.23 186.18 172.52 224.68 
La 23.05 20.88 18.00 24.73 17.00 16.24 18.44 12.68 15.39 
Ce 54.78 47.82 54.35 45.00 25.00 34.37 35.86 24.27 29.78 
Pr 8.22 7.28 9.35 11.35 7.58 4.36 4.50 2.94 3.70 
Nd 28.19 25.77 36.61 44.11 22.70 14.31 14.89 9.77 12.21 
Sm 6.42 6.31 10.18 12.34 4.57 3.02 3.19 1.91 2.67 
Eu 0.92 1.06 0.98 1.02 0.74 0.89 0.80 0.85 0.95 
Gd 6.12 6.24 10.10 13.02 4.48 2.96 3.20 2.02 2.51 
Tb 1.23 1.30 2.14 2.77 0.94 0.56 0.63 0.40 0.51 
Dy 6.55 6.48 10.90 14.24 4.95 3.04 3.27 2.12 2.62 
Ho 1.53 1.57 2.57 3.38 1.22 0.75 0.83 0.56 0.65 
Er 3.87 3.82 6.20 7.99 3.27 1.98 2.06 1.48 1.79 
Tm 0.62 0.62 0.99 1.26 0.56 0.32 0.36 0.26 0.30 
Yb 3.47 3.30 5.24 6.27 3.15 2.20 2.03 2.10 3.20 
Lu 0.58 0.57 0.89 1.06 0.56 0.31 0.35 0.30 0.33 
Ta 0.79 1.95 2.02 0.88 1.46 0.61 1.10 1.56 0.68 
W 1.44 2.15 2.18 3.48 16.22 3.39 3.58 4.86 5.70 
Pb 14.08 32.02 16.29 19.87 13.18 30.47 16.67 14.36 11.54 
Th 5.02 3.26 3.67 9.02 6.00 5.74 9.00 2.92 2.05 
U 1.22 0.87 2.14 2.02 4.65 1.40 1.94 0.71 0.70 
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�F �Y�u ��151V ���5?0E!  ���1V @&YA% �%!�% � �'3 ���X ( � �'3�01G �1�� r�{

4%� ���%
 
(O#�� P!#' 
�1.% }�A�09<��%� ����0��0�%!+ M5L!9 ���� = @&5Z0�5�%!+ 

�0K9 ^� J�0. �G (<@o0K-� �V�K3 &K'Q@%([KQ0X "&K�� 
�� 0K3 �)TUK3v.("�0K9 4K�% �(�� �@o0K-� 2 }KX @�KI kKY 
�� %�05��J�0. �G �G "%!YI <&Z%6 "�09 �UQ0L @o0-� @�I �KG 

M5L!9!�$5G ��5	��09 ( ��5�%!+(H�0� �K� !I�K� 0K3�&.�K��G
 ���0��0�%!+ �� M	�D ��%� ��5� J�0. �G ��I �I�+ �	( � % @%

���G �� }$Q �G H5� [5�515X �Z0; @�I��0V .@%�%� 6_X0K9�%
 TX��]"�5K  �)	 [(�KA �I�K+ (@@o0K-� ���KX 6% ���KI @�KI

 � % 6_X0�`_; ( �5905G .g'K  4K�% �� 6_X0K�`_; @%�%� �KI
 TX��]�)	[�1; ���&'G �
P'� @%�%� �I�+( [5��' .�5905G

 g'  4�% �� [5��� ���X 4�!��%(%!� �K�%(%!� �KG b0KF5-�= ( �KI
 �� "&�� !�YX�03 .�K5905G �� ��V0  \53�A T)3 �G 4X!�6

= �G "%!YI���X 6% �59�;g'  4�% �� e�%� �2!� @�I� �I.

1#2���3�)
�09<@&5Z0�5�%!+ ���� = @%�%� /0F�(!G �20K'�� @�I �K % �KG

 �L @�0u /0F�(!G 4�% ���0��0�%!+ �� �I ���0��(!G�+ M5X!9 �I
 &��%� ���0�� �9)TU3�(.

/0F�(!G ̂ K5��� @�I6�� �� !�$5G �I !K9 WK�G �� }KI @�KI 
�53�A @%("�09 HX!� �� }I �� "&I�$� 6%&�% ( &�03<�=6% �KI
 &'Q �15� �9 !���y���� !�� �= TUK3 ( �K % !K5S�� 6% �KI

 ��(%6 f�F�!
9 �	�A �� !55S9 "&3�!+ f_��L �9 �%� �	( &'L !�$5G 
T)3 �G@�I @0N5G f�F�!
9 �� "&�� &�0K3 ./0KF�(!G @�KI ��0K�

 � �!G �0Y� ��\�� �G f�F	�D �� � @!��L�V g&�% J�0K. �G (
�K��G �KG �K�%� ��K5� �K9 �K�%� HK�� �[59%!X0�_� �9 [59%!X(H�

 ��%� H�� ( @!5��0; �K� "&�� &�0K3 .�KG HKL!� 6% �KI�01G "6%&K�%
 /0F�(!G \53�A �K� !�UQ0KL e��&K9 �KG �KI �0K3 .�0K� !Kh� 6%

���L �K�%(%!� !Kh� 6% �	( "�0G �%H5� g'  �G�$� �"&�6�  @�I
 �Y�A &.��)b%&� (���L J(�-�� �I &K�% ./0KF�(!G �0K�( �KG �KI

 ���KL ( 6_L0�`_; @(�A �KL �	�KA �� �&'��KI ^K5��� @�KI
���0��0�%!+ ���KL 4K�% 6% @!�YL !���
� @%�%� ��GH5� @�I �KI

&KK��%� @!�$KK5G ��]KK &1� }5KK ��; ( H9�%0KKL p0KK2 �� ( "�0KKG .
���L 4�% �2!� @�I g'K  �KI �K59�;= T��K3 (4L!K�6 �K %.

���KKX MKK5X!9/0KKF�(!G �KK �'3 T��KK3 �KK�%(%!� MKK59!9 �KKG �KKI
 �K'5�6 �� �KX �K % �5905G ( b0F5-�= �6_X0�`_; ��]K &1� @%

 "&'X%!; H9�%0X ( ���51? �0KE( �KG %� ^K5�515X �Z0; ���G ( &�%
�� &��(=)T)37�	%.(fa0Y*� ���G 4�% 6% @!��K % J�0. �G 

"&�� �3�� ���51? ��] &1� ( H9�%0X �� �K5	(% @�I�01G �X �03
 �K� !KG �� %� �K5905G ( b0F5-�= �6_X0�`_; �!K5+ .�K��G 4K�%

 �03 "&�� J�0.(� �G � % 4)Y� .����K�!X0'� &K3� @�KI
 "&K3 ��K~� @�KI�01G �0K1F9 b0u �� ���51? ��] &1� ( H9�%0X

 �� �� �5	(% �K	�A 4K�% �� ( &K��%� ���K�HYI �01F9 �'*� &I�
 T5)$9 b(% @�I�01G�Y  "&3 &K��%� �Yh'� @!5+ .,��0K1F9 

�0#G= ��~� @�I�01G �01F9 6% :; H9�%0X ( ���51? ��] &1� @�I
�KK� �� "&KK3�YKK  �KK	�A 4KK�% �� &KKI� b(% @�KKI�01G @!KK5+

f_��X "&3�01F��"!��+ �0G &I%0V @%]s[)T)37�	%.(

��
B"�� �%�0Y� g'  @&'G�059�X �15� �F�� d� % !G �I�Ig'  @]s[.
R1 = 4Si- 11 (Na + K) + 2(Fe + Ti) 

R2 = 6Ca + 2Mg + Al 

 ��_2 �G ��GH5� g' □/0F�(!G (�I��_2 �G ■"&3 "�%� ��$� &�%.
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&1E��"��Y3 �8������6 �7�� ���X &I%03�� ���Y+�� �#��5�= ���5Y530Z` ( � �'3. . .r��

��
 E�	% C ���51? ��] &1� [5�515X �Z0; ���G :x ��HG 6_X0�`_; �(�� [Q0X 6_X0�`_; :� �1 (% H9�%0X :� �� ��60  �59�;= ��] &1
���51? .�:6 ��GH5� g'  ( /0F�(!G 45G 6!� �� 6_X0�`_; �01G :d @���X �S59 �5905G :w /0F�(!G �� ��(6 6_X0�`_; 6% �36%�!;H�� !�0�9 :

��GH5� ���0��0�%!+ �� 6_X0�`_;.� % ���Y+�� �#��5�= 6% �X�A !�(��9 4�% �YI.
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�F �Y�u ��151V ���5?0E!  ���1V @&YA% �%!�% � �'3 ���X ( � �'3�01G �1�� r��

 g'  4�% �� 6_X0�`_; �
P'� �G �I&'G �K� "&�� @�� �0K3
 ��0Y� 6% �V!G @�KI6_X0�`_; �(�� [KQ0X @�KI6_X0�`_; �I

 �K� "&I�$K� !�+�HG &�0K3)T)K37C.(J�0K. �KG b0KF5-�=
 �KI0F�% ( &K'1F��0I0�H5'� T)K3 �0KV @�KI�01G @�KI�01G 6% @%

 �� "&�� >u�
� 6% �N*G �� �5	0'5�X%�03 .J�0K. �KG H9�%0X
 �53�A �G �Y$Q �� [5�1� @�I �� "&�� [5��� �03)T)K37

x.(/0F�(!G 4�% �� 4�X(!5;0'51X &$� "&�� �I .���X �2!� @�I
 /0F�(!G 4�% ( "&5$KX J�0K. �KG �KX �K % 4X!�6 ( �59�;= �I

 ���KX �� ��60  ( ���K51? ��]K &1� �H9�%0KX &K'��� !K#�� @�KI
 �KK % "&KK3 �0KK1F�� �KK5905G)T)KK37�.(( /0KKF�(!G 6!KK� ��

H5� �KK��0��0�%!+ �KKG 6_X0KK�`_; @�KKI�01G �I�KK+ ��KKG J�0KK.
 �� "&�� ���!X0'� �03)T)37��.(�+��( 6% 4�% 43(� @�I

g'  �K % "&5$KX ( @���KX �KS59 T)K3 �G �5905G �0E( �I
)T)37–6.(

���K �	

 
e����� �!G ���L �36%�!; H�� @�I ( b0KF5-�= �6_L0�`_; @�I

 ���L M5L!9 �I�F3 !#��5G �5905G  �'3 �G ����0��0�%!+ <�09 �

/0KKF�(!G�KK �I.�KK��0��0�%!+ �� �KKI6_X0�`_; MKK5X!9 6% �KKI
%4�6&�= �9 6_X0#5	 �
P'� �G ��%0� �V!G �� ( "�0G !5S�� @&'G

 �� "&�� �03)TUK37�b(&KE ( d7(�KL �	�KA �� MK5X!9
 �I6_X0�`_;��/0F�(!G�I6%���(�%!Ga �9 4�6&�= �� !55S9 &'L

 P'� (�
&K��%� @��2 @&'G)TUK37�w.("�� !G�K'G @&K'G]�[
b0KKF5-�= �KK20Y�� 4KK�% @�KKI��= MKK5L!9 ( ^5�KK1L �� �KKI

���0��0�%!+ �I6%�5	0'5�X% �9 &'1F��0I0�H5'� � % !5S�� �� (
/0F�(!G �� �%!? &'1F��0I0�H5'� (!Y1? �� �I &�!5+)TU38�K	% 
b(&E (8(.&'1F��0I0�H5'� 6% M5X!9 !55S9 b0KF5-�= HL!� �� 

��= �53�A �� �5	0'5�X% �9 �� &�%09 ��$� &'I�<i�%!K3 !55S9 
�KKY+�� ���5Y5KK30)�H5� &KK3�G �= �0KK1F9 TKKA%!� 4�!KKV= ��.

�5905G @�I �0E0� �����0��0�%!+ �I"�� !G�'G @&'G]r[�0K� 6% 
�5905G }�HK5'� @�KI �K	( �&K��%&'I= �K5905G �KG [K��H� ( �%�

 0F�(!G �� �5905G �5905G "(!+ �� ( ��%� @!�$5G }�H5'� /@�KI
 ���%!? �%� }�H5'� �!5+)b(&E�.(�KX �K % @�(=��K� �G /6a

 \FKK �~� !���KK
�Fe2+(Fe3+��V�KK  b0KK�!� ������KKL @
b0KKF5-�= �%&KK
� @(� 6%Fe TKKL KKG6% "��-�KK % �w(� @�KKI
@���'$5; ]�[/���% � % "&3 .

"��5E% �36%�!;H�� ��H�9 e���� /0F�(!G 6_X0�`_; 6(E-25) ��GH5� ���0��0�%!+ ( �(A-S-5) .�059�X d� % !G �I�"&3 �F �~� ��5�X% &�%.
Plag E-25-1 E-25-2 E-25-3 E-25-4 AS-5-1 AS-5-2 AS-53 AS-5-4 AS-5-5 
SiO2 56.77 53.31 52.47 52.30 58.27 57.62 58.07 61.58 61.60 
TiO2 0.01 0.00 0.01 0.03 0.00 0.00 0.03 0.00 0.06 
Al2O3 27.06 28.70 29.46 29.57 25.97 26.32 25.91 23.55 23.81 
Cr2O3 0.01 0.00 0.00 0.00 0.02 0.02 0.00 0.14 0.00 
FeO 0.12 0.04 0.05 0.18 0.16 0.20 0.26 0.16 0.16 
MnO 0.00 0.00 0.01 0.01 0.02 0.02 0.02 0.00 0.00 
MgO 0.02 0.02 0.01 0.00 0.00 0.01 0.02 0.00 0.02 
CaO 8.60 11.10 11.85 12.32 8.01 8.52 7.79 4.54 4.69 
Na2O 6.59 5.33 4.61 4.67 7.06 6.65 6.85 9.25 9.06 
K2O 0.28 0.06 0.06 0.04 0.12 0.07 0.10 0.17 0.18 
NiO 0.00 0.00 0.02 0.02 0.00 0.02 0.02 0.03 0.01 

TOTAL 99.56 98.61 98.65 99.25 99.71 99.43 99.43 99.53 99.63 
Si 2.56 2.44 2.41 2.39 2.62 2.60 2.62 2.75 2.75 
Al 1.44 1.55 1.59 1.59 1.38 1.40 1.38 1.24 1.25 

Fe++ 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 
Ca 0.42 0.54 0.58 0.60 0.39 0.41 0.38 0.22 0.22 
Na 0.58 0.47 0.41 0.41 0.61 0.58 0.60 0.80 0.78 
K 0.02 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 

Xab 0.57 0.46 0.41 0.41 0.61 0.58 0.61 0.78 0.77 
XAn 0.41 0.53 0.59 0.59 0.38 0.41 0.38 0.21 0.22 
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&1E��"��Y3 �8������6 �7�� ���X &I%03�� ���Y+�� �#��5�= ���5Y530Z` ( � �'3. . .r��

��
H"�� ��GH5� g'  ( /0F�(!G �� b0F5-�= @&'G]�[.

"��5H/0F�(!G b0F5-�= 6% �36%�!;H�� \�H�9 e���� (E-25) ��GH5� ���0��0�%!+ ( �.(A-S-5)�059�X d� % !G �I,7"&3 �F �~� ��5�X% &�%.

Amphibole AS5-
1

AS5-
2

AS5-
1

AS5-
1

AS5-
1

AS5-
1

AS5-
1

E-25-
1

E-25-
1

E-25-
1

E-25-
1

E-25-
1

E-25-
1

E-25-
1

E-25-
1

SiO2 49.76 49.53 49.83 49.55 49.92 49.59 49.89 47.74 47.76 47.87 47.62 47.43 47.10 47.36 47.10
TiO2 0.52 0.59 0.53 0.57 0.54 0.51 0.54 1.32 1.37 1.27 1.35 1.41 1.40 1.47 1.44
Al2O3 4.56 4.55 4.34 4.64 4.47 3.98 4.97 6.83 6.59 6.70 6.84 6.89 6.86 7.15 7.14
FeO* 14.31 14.44 14.23 14.49 14.19 14.30 14.55 15.21 15.64 14.93 15.58 15.42 15.80 14.97 15.30
MgO 14.36 14.74 14.30 14.31 14.53 14.53 14.47 12.31 12.28 12.51 12.48 12.46 12.39 12.49 12.11
MnO 0.27 0.24 0.32 0.32 0.31 0.27 0.31 0.28 0.29 0.35 0.31 0.29 0.23 0.27 0.26
CaO 11.18 10.96 11.30 11.07 11.23 11.13 11.09 11.08 11.10 11.13 11.06 10.87 10.92 10.88 11.20
Na2O 0.64 0.65 0.60 0.58 0.51 0.52 0.68 0.61 0.60 0.59 0.62 0.78 0.52 0.65 0.65
K2O 0.38 0.35 0.37 0.36 0.35 0.34 0.43 0.48 0.50 0.50 0.59 0.60 0.58 0.56 0.51
Sum 96.14 96.26 96.01 96.06 96.25 95.32 96.96 96.01 96.21 96.02 96.58 96.33 95.90 95.85 95.90

T-sites
Si 7.39 7.36 7.42 7.38 7.40 7.43 7.35 7.15 7.15 7.16 7.11 7.10 7.09 7.09 7.08

Aliv 0.61 0.64 0.58 0.62 0.60 0.57 0.65 0.85 0.85 0.84 0.89 0.90 0.91 0.91 0.92
Al(total) 0.80 0.80 0.76 0.81 0.78 0.70 0.86 1.21 1.16 1.18 1.20 1.22 1.22 1.26 1.27

M1,2,3 sites
Alvi 0.19 0.15 0.18 0.19 0.18 0.14 0.21 0.35 0.31 0.34 0.31 0.32 0.30 0.35 0.34
Ti 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.15 0.15 0.14 0.15 0.16 0.16 0.17 0.16

Fe3+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 3.18 3.26 3.17 3.17 3.21 3.25 3.18 2.75 2.74 2.79 2.78 2.78 2.78 2.79 2.71
Mn 0.03 0.03 0.04 0.04 0.04 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.03 0.03 0.03

Fe2+ 1.54 1.49 1.55 1.53 1.50 1.53 1.52 1.71 1.76 1.68 1.72 1.71 1.73 1.66 1.75
Ca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
M4 site

Fe 0.24 0.31 0.22 0.27 0.26 0.27 0.28 0.19 0.20 0.19 0.22 0.22 0.26 0.22 0.18
Ca 1.76 1.69 1.78 1.73 1.74 1.73 1.72 1.78 1.78 1.78 1.77 1.74 1.74 1.75 1.80
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.02 0.03 0.01 0.04 0.00 0.04 0.02

2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
A site

Ca 0.02 0.05 0.02 0.04 0.04 0.05 0.03 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00
Na 0.18 0.19 0.17 0.17 0.15 0.15 0.19 0.14 0.15 0.14 0.17 0.19 0.15 0.15 0.17
K 0.07 0.07 0.07 0.07 0.07 0.06 0.08 0.09 0.10 0.09 0.11 0.11 0.11 0.11 0.10

Sum A 0.28 0.31 0.27 0.27 0.25 0.27 0.30 0.23 0.25 0.24 0.29 0.31 0.28 0.26 0.27
Mg/(Mg+Fe2+) 0.67 0.69 0.67 0.67 0.68 0.68 0.68 0.62 0.61 0.62 0.62 0.62 0.62 0.63 0.61

Fe/(Fe+Mg) 0.33 0.31 0.33 0.33 0.32 0.32 0.32 0.41 0.42 0.40 0.41 0.41 0.42 0.40 0.41
"��5Q�5905G 6% �36%�!;H�� \�H�9 e���� /0F�(!G(E-25)��GH5� ���0��0�%!+ ( �(A-S-5) .�059�X d� % !G �I,,"&3 �F �~� ��5�X%&�%.

Biotite AS-5-1 AS-5-2 AS-5-3 AS-5-4 E-25-1 E-25-2 E-25-3 E-25-4 

SiO2 36.05 36.16 36.37 36.27 36.55 36.78 36.81 36.69 

TiO2 2.78 2.82 3.21 3.15 3.60 3.70 2.97 3.27 

Al2O3 15.23 14.73 14.53 14.82 15.28 14.89 15.32 15.46 
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�F �Y�u ��151V ���5?0E!  ���1V @&YA% �%!�% � �'3 ���X ( � �'3�01G �1�� {yy

Cr2O3 0.07 0.08 0.10 0.09 0.20 0.18 0.20 0.26 

FeOt 19.50 19.84 19.78 19.51 18.53 18.96 18.03 18.60 

MnO 0.31 0.31 0.23 0.27 0.21 0.18 0.20 0.18 

MgO 10.21 10.32 10.22 10.21 10.96 11.26 11.27 11.02 

CaO 0.00 0.02 0.00 0.00 0.02 0.01 0.00 0.01 

Na2O 0.04 0.05 0.05 0.05 0.16 0.15 0.11 0.11 

K2O 9.35 9.09 9.32 9.33 9.10 9.18 9.22 9.18 

NiO 0.00 0.07 0.00 0.00 0.05 0.03 0.03 0.08 

TOTAL 93.92 93.72 94.15 93.92 94.83 95.45 94.34 95.06 

Cations per 22 O 
Si 5.74 5.75 5.79 5.77 5.72 5.72 5.77 5.72 

Al.IV 2.26 2.25 2.21 2.23 2.28 2.28 2.23 2.28 

Al .VI 0.60 0.52 0.52 0.56 0.54 0.45 0.60 0.56 

Ti 0.33 0.34 0.38 0.38 0.42 0.43 0.35 0.38 

Cr 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.03 

Fe2+ 2.54 2.59 2.58 2.54 2.37 2.41 2.31 2.37 

Mn 0.04 0.04 0.03 0.04 0.03 0.02 0.03 0.02 

Mg 2.42 2.45 2.42 2.42 2.56 2.61 2.63 2.56 

Ni 0.00 0.01 0.00 0.00 0.01 0.00 0.00 0.01 

Na 0.01 0.02 0.02 0.02 0.05 0.05 0.03 0.03 

K 1.90 1.85 1.89 1.89 1.82 1.82 1.84 1.83 

TOTAL 7.86 7.82 7.85 7.85 7.81 7.82 7.83 7.81 

XMg 0.98 0.97 0.97 0.98 1.04 1.04 1.06 1.04 

XMg Ti 1.04 1.04 1.04 1.05 1.11 1.11 1.13 1.11 

Fe/Fe+Mg 1.02 1.03 1.03 1.02 0.96 0.96 0.94 0.96 

R3+ 0.93 0.85 0.90 0.93 0.96 0.88 0.95 0.95 

R2+ 2.58 2.63 2.61 2.58 2.40 2.44 2.34 2.40 

�	

#�, 4%� �+ 
5S9 �G �E09 �G !L��KI @�I�%�0Y� �� C�5YL ( �1.% !.�'2 J%!5

]{[�KK� �� �1KK.% @�I&5�KKL% �KKX }5G�KK�Al2O3�Na2O�
Fe2O3�MnO �MgO �CaO /0F�(!G �� @!9a�KG ��%(%!� 6% �I

 &�(� ( &��%��0V!G :515K  �KG �F�K� !.�'2 4�% J%!55S9 @�I
 �KL �	�KA �� �&K��%� �K	(H� &K�(� ( �PV W5G ( }LK2O6% 

YL �%H5� �KG �F�K� �= J%!K55S9 &K�(� ( �K % �%��0V!G @!�
 ��%� @�0*K. &K�(� :515  .�� �K2!� !K.�'2 J%!K55S9 &K�(�

/0F�(!G "�!��K+ �5u ��GH5� g'  �G �F�� �I ��$K� %� @!K9
��&I� .!.�'2Y(Yb /0F�(!G �� 6% ��GH5� g'  �G �F�� �I

 "�0G �%��0V!G ��a�G ��%(%!�)b(&KE�(,(�9�0K. �� ( ��KL
 !.�'2Ba �Rb(Sr KF�!
9 }KI �KG /0F�(!G ( ���0��0�%!+ �� f�

�KK % !KKG%!G .!KK.�'2Ni �Cr �Co �KKG �F�KK� /0KKF�(!G �� 

�� ��$� %� @!9a�G !���
� ��GH5� ���0��0�%!+ &I�)TUK3�(
b(&E�.(/0KF�(!G ���5Y530Z` �+��( 45G ��U3= �_�V% ( �KI

 5� @o0K-� <�09 �X � % 4�% ��GH5� g'  MK5L!9 @%�%� ��KGH
 /0F�(!G �	( �� ��; &'��KI �Y�&K  !�$K5G �I .@�KI�%�0Y� ��

 ���&K'X �KG �F�K� �KL C�K5YL !.�'2 �90FU'2]{[��K�'�G 
"&3 &�%)TU3�(��0Y� ��KG %� ��G�$K� &K�(� � �!G ��0� @�I

 �KX �K'*� 4�&KG ��K3%�+ W��Y�HREE g'K  ( /0KF�(!G �� 
�X�A 4�% ( &��%� ��9 &�(� ��GH5� �� �K���+ �KX � % �= 6% 
g'K  �	( ��%&� �0NA "&��Y5?�G 6�� ����0K��0�%!+ <�0K9 @�KI

/0F�(!G �G �F�� !K.�'2 6% �ITb �Y�Tm (Yb !K5
� ( !K9 6%
!.�'2LILE!5h� Cs �Th(K!�YX �%&
� �G (Sr�'D &�!9 .

���0��0�%!+ 4�% !G "(_2 �G �I@���'I �K-'� Sr�Ba �P�Nb 
(Ti!G (/0KKF�(�KKG �KKI �KK-'� @��KK�'ISr�Ba �(Ti ��$KK� 
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&1E��"��Y3 �8������6 �7�� ���X &I%03�� ���Y+�� �#��5�= ���5Y530Z` ( � �'3. . .{yv

�� &'I� .��0Y� !K.�'2 J%!K55S9 �%�0KY� �� ����0K��0�%!+ @�I
 ���&K'L �G �F�� �L �X�V ����]�["&K3 ��K�'�G &K�(� �&K�%
 /0KF�(!G �KG �F�� ( ��3%� @6%0� �%HK5� ��KIHREE @!K�YL 

&��%�)TU3�.(���0��0�%!+ ��I�%�0Y� 4�% �� �KG ��KI �K�'I @�

 �-'�Eu �KG 4K�% �KL �9�0. �� �&��%� 6% �KV!G �� @��K�'I
/0F�(!G ��0Y� 6% �V!G �� ��A ( H5Q�� �I 4�% �X � % �F�� �I

� % 6_X0�`_; �3�F�% 6% �3�� .

��
Q�%H5� �G �F�� !.�'2 !55S9 @�I�%�0Y� SiO2]{[.T)3 �G�$� }Z_2,� % .
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�F �Y�u ��151V ���5?0E!  ���1V @&YA% �%!�% � �'3 ���X ( � �'3�01G �1�� {y�

��
R�V ���� !.�'2 J%!55S9�0�]��9 ���&'X �G �F�� �X]�[.T)3 �G�$� }Z_2 ,&'��I .�	% :C /0F�(!G :��GH5� ���0��0�%!+.

��
S%�0��X�� ���&'X �G �F�� �X�V ���� !.�'2 J%!55S9 ]�[.T)3 �G�$� }Z_2,&'��I .�	% :C /0F�(!G :��GH5� ���0��0�%!+.

T�3 
/0F�(!G g'  �I ���#5G @�I &'��I @% �K� ( &K��E J�0. �G �X

�KK� ��%( ��KKGH5� @�KKY+�� �(�� �KKG �0KK#G= &�0KK3 .d�KK % !KKG
 /0F�(!G �"�#� �V �� }5�
9 �0� &'Q �G �I&�03 :��6% �9�K*P? 

g'  "�%0�� @�I,��KG "�#�K �V }KI �K5	(% <&K3 %&KE �%0K� 
��GH5� @�Y+��7���U9��= &'�=!� 6% T.�A "&$� C(o @���
G 

�E �� �0*. /�#'I �X&�03 �� ��%( �= �(�� �G �Y+�� �'�H#�.
"&3 ��%( ����0��0�%!+ @�Y+�� �� �0#G= J�0. �G /0F�(!G !+%

 "�#�K �V }I �0V ��GH5� @�Y+�� �G � % 4UY� &3�G)^K� 6%
 ���Y+�� ��9% ("�#� �V 6% �� (&K3�G �K��!+ �$�� �-1��� @�I .
/0F�(!G �0E( &K2 �@o0-� <�09 �� "&3 �!+ f_��L @�I ��KF9�% /

/0F�(!G �+&'L%!; 6(!KG 6% @&I%0K3 ( @o0K-� "�09 \53�A �G �I
b��F9 ���L @�I p!K� �KG ��KGH5� g'K  ( /0F�(!G 45G � �'3
�$�� /0F�(!G @!5+ g'  �&3 ���U3 &'�=!� 6% �I ��GH5� @�I

 g'  �&3�!V J�0. �� %!�6 ��%� J���'� �(�( ( ��KGH5� @�I

�= ��h��% ��Y+�� �(�� �G �I /0F�(!G �X ���= !G �KG ^��H� @�I
 !��%(%!� �53�A]�[Ja�K
��% ( TK
� �K�0+ �5I b�A 452 �� (

���L �� ( ���5Y53 �= �� � �'3 &3�G ���!#� J�0. �I]vy[.
TU3 @�I�01G �0E( 6_L0�`_; ( ^5��� @�I6�� �%�]vv[���G �
�
P'� �&5Z(!5�!; (!G ��0KG �K�%� HK�� ��KI6_L0�`_; @&'G /0KF�

 �K� ���51? ��] &1� [5�515X �Z0; ���G ���GH5� g'  �G �F��
 ��K�!X0'�6 �� b0F5-�= >Y�9 �6_X0�`_; T)K3 �H9�%0KX @�KI

 @&I%0K3 �K5905G �K� ( �K59�;= &K'��� �KI�01G 6% �V!G "&5$X
 /0KF�(!G ���KY+�� "�#� �V !G �	a� �X &'��I &K��%� �KI]v��

vs[.
/0F�(!G �0E( 9 "&3 �!+ @�I \53�A "&I�$� /&2 �@0N5G �

/0F�(!G HL!Y9 �%&
� ( ^5��� >�!  ��Y��% <�0K9 \5K3�A �� �I
 �Y� /0F�(!G �L � % �= 6% �X�A @o0-� ��KY��% \5K3�A &K�%09

 &K3�G @o0-� <�09 >�!  .}KI ( ��5	0K9% J�0K. �� 45K'mYI
 /0F�(!G ��0G "�#� �V �5�%!+ W�%&E ( �I @6�KG @�KY+�� 6% �I
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&1E��"��Y3 �8������6 �7�� ���X &I%03�� ���Y+�� �#��5�= ���5Y530Z` ( � �'3. . .{ys

)/0F�(!G (G�+��( ����� /0KF�(!G ( "�0K9 ���5Y5K30Z` @�KI �KI
f_��X &3�G �G�$� ]v�[g'  �	( ( ^5K ��; �5I�� "�09 @�I

/0F�(!G ��K�6 }K�A �= !KG "(_K2 ( &K��%� �Y�&K  �K5I�� �I
 6% �K5�%!+ W�%&E �@6�G @�Y+�� �G ����
� �� [5�1� @�Y+��

 �= ��0KG ��5	0K9% ( @6�G @�Y+�� [� �K� �� %� �KI &K'X./&K2 
���G �0E( /0KF�(!G �� ��a0�0L �KI]vr[�� H9�%0KL �0NKA (
���L M5L!9 /0F�(!G � �'3 �I]vy[�= ��0G a0�0L p!� %� �I

 �� �E%0� &��!9 �G H5�&'X .�!h� d� % !G \]v{�v�[/0KF�(!G -
/0KF�(!G �� �5�K � "�#�K �V �KG @�I �� >K?%( ��590K5G @�KI

�5�%!+\�0+ @�I S�� "&��3�KG �KE09 �G ( �0I.\K�0+ ��0KG 
�= ��0G �5� � b�Y�A% �� �!G ��0� \
P'� �5�%!+ HK5� %� �I

 �� �E%0� &��!9 �G �6�  .���G �%&
� ��!u 6% �� ��0K+!+� @�I
/0F�(!G�= ��0G �5� � �G �I ��%� J���'� �I]v�[.

�� !h� �G ����0K�� �0K#G= �(�( \5K�!� �X & �)MK5X!9
 /0F�(!G �	0Y*� (�K��0��0�%!+ <&�6�K  @�KY+�� �HK�� �KG �KI

TY�~� &3�G /0F�(!G "�#� �V 4�!9 .@�KY+�� �KL J�0. 4�% �G
i %(&A�f��F�K� @&5K % @�KY+�� �(�� �KG a�G @��� �G @6�G 

"&K3 T�&KF9 /0KF�(!G �G �&3 �!  6% :; ( "�!L o0-� !9�! 
 "&��� �?�G !��;�� o0-� �0V �0�%!5; �0#G= !G%!G �� ( � % � % 

]v�[.
��0G ��%� H�� /0F�(!G �&K3 �!K  6% @&I�K3 �%0K'2 �G �I

 >�!  �= <&�6�  �0#G= �KG ����
� �� �I �5�%!+ @�KY+�� Z0K5@&
�� !5�-9 ��GH5� �03]�y[.<&K5
2 �G]v{[C�KFA �(�( @�KI

 ^5�K1� @�KY+�� �(�� �KG !9a�KG @�K�� �G i %( &A ���Y+��
 A @�Y+�� �01F9 >�!�9 �2�G �!9�!  �%HK5� W�%HK�% �iK %( &

���I �� ��%�H�� ���G T5U$9 �= b�F�� �G ( @6�  �03 .45KYI
 �� �2�G !�% /0KF�(!G @!KFYI TK~� �G �&3 ^��H� �G �9 �03�

�KI�01G <6%&�% ��+&3�!  �2!  W�%H�% T5	� �G ���GH5� g' 
^Q0L �/0F�(!G HL!� �G �F�� &3�G !9]v{��v[.

<&K5
2 !G�K'G]��[HYI �(�( &KA ( ^5�K1� @�KY+�� ��K�
 �= �#��5�= ( ���Y+�� �H�� ^� �(�� �G i %( �!#�&U� �G �I

 �G�E �2�G ���L ���E �K� ��KGH5� g'  ( /0F�(!G 45G �I �0K3 .
/0F�(!G @!FYI T~� �� ��] &1� �3�� @�I�01G �0E(�g'  

��GH5� )T)37��(�0K#G= !#��K5G ��;0UK (!U5� d�K5
� ��
 'I �� /0F�(!G ��0G �K15	� ( ���KY+�� �HK�� �� @!5+�%!? /�#

 � % ���Y+�� �#��5�= ( !G]�s��{[.

��]K &1� }5K ��; ���!L�#� �0NA �%!#$I(�; 6% @��5�G
 �K� ���KY+�� �K#��5�= �%&V� \��$� %� /0F�(!G �� &K'�%�]���

��[) .T)37�	%.(W���6= @(� !KG �KG!�9 "&K3 /�K��% @�I
 /0F�(!G <&�6�  @�Y+�� �$� �I �� �6% �0K#G= ��K�� �KL &KI�

 �� :]K  ( "&K3 ��F3% 6_L0�`_; ( �5905G �&'1F��0I @�I6��
 ��] &1� &3� @%!G "&��Y5?�G C%�� M5L!9 ��0G M �'� J�0.

 ���I �2!  ��0G 45��; �12 �G �}5 ��; �2!  �G �F�� ��%6
 �0K1F�� ���KL 4K�% �K3�� @�KI�01G � }5 ��; ��] &1� �� &3�

�� �03]v�[.!�$K5G ���5Y5K3 MK5L!9 �KL � % 4�% �5*?%(
/0F�(!G MK �'� }5K ��; ��] &1� @�I�01G �3�� �01F9 @%!G �I

 ���!L�#� �01F9 @%!G /6a !.�'2 �����G 4�%!G�'G ���5� @�KI
 &3�G "&3 45�c9 @!#�� "�#� �V 6% ���L 4�%]vv[."&K5
2 �KG

]vv���[���!L�#� ( /0F�(!G �� }5 ��; ��] &1� @�I g'K  
��0K� !K.�'2 �KL �'*� 4�% �G �&'��I "�#� �V ^� 6% ��GH5�
 g'K  <&�6�K  @�KY+�� 6% �}5K ��; ��]K &1� �0K1F9 @%!KG 6�5�

 � % "&3 ��%( /0F�(!G TV%� �G ��GH5�]vv�sy[.<&5
2 !G �'G
]sv[%���!L�#� M1D /0F�(!G �� �I ���!X0'� fa�Y�A% ��I @�I

 �515  @�Y+�� �� "&3 �01F�� \15K ( �KG �L &'��I ��GH5� �
"����% /%� �G /0F�(!G <&�6�  @�Y+�� &�% .

��KK�!L0'� �0KKE( �%!#$KKI(�; 6% @��5�KKG ��]KK &1� @�KKI
 /0F�(!G @!FYI T~� �� � ��;–!KG @&I�3 %� ��GH5� �5�%!+ 

�= �U5��KU� b�K
��% ( ��GH5� �5�%!+ �� ��] &1� }5 ��; �01F9
�� �
19 /0F�(!G �G &''L]sy[.

���!X�#� @�KY+�� �G �(�( �~� �G ��] &1� }5 ��; @�I
 6% �*�0� J�0. �G ( "&3 �%&��;�� ���%� @!9a�G @��� �X @6�G

 �� b_~�% w0�� � �(�� 6% �I�+ ( �E��V �0P  �0K3 .��
�%0K� �KG �K % 4KUY� b_K~�% 6% TK.�A @�I "!-A �	�A 4�%

 ���X � % 4)Y� �X /0F�(!G \'5�6( �5905G @�I &3�G b0F5-�= 
�X &��(= �0E( �G %� [5�515X �Z0; ���G ( &�03 !;]s��ss[

���$� %� �= �� !h� �� ���Y+�� �#��5�= !G @% &�!5+ .
/0F�(!G �� �I6_L0�`_; ��36%�!;H�� ��H�9 e���� d� % !G-

�
P'� @%�%� ��GH5� g'  ( �I &'��I @��2 @&'G .�+��( 4�%
 M5L!9 !55S9 6% �3�� �0K1G &K3� 45A �Y+�� �ZHE]v�[�KG (

�K� �K
19 ���Y+�� �#��5�= 6% @&I�3 �%0'2 �0K3],��78�
7�[.@6�KG �K� ( iK %( &A @�Y+�� �(�( @�KY+�� ��K9% �KG !K9
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