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Abstract: The study area is located about 110 Km south of Shahrood in north of Central Iran 

structural zone. There are many cumulate enclaves with ferroanpargasite gabbroic 

composition within the Middle Eocene basic volcanic rocks in the study area. Amphiboles are 

one of the most important minerals in gabbroic cumulates and host basaltic rocks. Based on 

results of electron microprobe analyses, amphibole minerals present in these cumulates, 

according to leake et al. classification are calcic and show ferropargasite compositions. 

Plagioclase shows a notably CaO-rich composition and has normal zoning from anorthite in 

the core to bytownite at the rim. Clinopyroxene composition range between calcic augite and 

diopsite. According to the amphibole geobarometer of Schmidt, amphiboles in these gabbroic 

cumulates are crystallized at ~7.5 Kbar corresponding to a depth of ~26 Km. Geothermometry 

of amphiboles of these rocks also were calculated with different thermometer and range from 

830 to 8600C. The low contents of HREE and La/Yb and Dy/Yb ratios of gabbroic   cumulstes 

suggest that their parental magma was probably formed by relatively high degree of partial 

melting (16 to 18%) of the mantle.  

Keywords: Mineral chemistry, Geothermobarometry, Gabbroic cumulates, South of 

Shahrood. 
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 Gb-13 Gb-17 Gb-18 Gb-5 Gb-7 

Na2O 964/1 8694/0  918/0  8223/0  429/2  
K2O 0928/0 0 0133/0 1277/0 5324/0 

FeO 7757/0 6046/0 5866/0 5686/0 6329/0 

SiO2 321/47 0962/45 121/45 948/44 265/47 

P2O5 0664/0 0115/0 0183/0 0252/0 0298/0 

MgO 0597/0 0182/0 0199/0 0415/0 0497/0 

CaO 799/16 7392/18 529/18 48/18 547/15 

MnO 0 0207/0 0723/0 0207/0 0 

Al2O3 184/33 7787/34 893/34 14/34 885/32 

TiO2 0 0684/0 0 0417/0 0 

Cr2O5 0365/0 0058/0 0 0 0 

Sum 303/100 215/100 178/100 219/99 377/99 

Si 175/2 082/2 083/2 096/2 19/2 

Ti 0 002/0 0 001/0 0 

Al 797/1 891/1 897/1 875/1 795/1 

Fe
2
 030/0 023/0 023/0 022/0 025/0 

Mn 0 001/0 003/0 001/0 0 

Mg 004/0 001/0 001/0 003/0 003/0 

Ca 827/0 927/0 917/0 923/0 772/0 

Na 175/0 078/0 082/0 074/0 218/0 

K 005/0 0 001/0 008/0 031/0 

Sum 013/5 005/5 007/5 003/5 034/5 

Ab 4/17 8/7 2/8 4/7 4/21 

An 1/82 2/92 7/91 8/91 6/75 
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 Gb-10 Gb-12 Gb-165 Gb-167 Gb-169 Gb-15 Gb-120 Gb-125 Gb-131 Gb-136 

Na2O 46/0 35/0 36/0  44/0  38/0  37/0  31/0  41/0  39/0  40/0  

K2O 0 0 02/0 01/0 0 0 0 0 03/0 0 

FeO 48/7 16/7 37/8 99/7 18/7 87/7 30/7 24/7 48/9 65/8 

SiO2 45/51 21/51 01/50 82/51 29/51 24/50 93/50 39/51 30/51 29/50 

P2O5 0 02/0 0 0 0 05/0 04/0 0 0 04/0 

MgO 45/13 99/14 95/13 13/15 67/14 77/13 65/14 48/14 10/15 96/13 

CaO 90/22 54/22 26/22 85/21 78/22 36/22 01/23 22/22 04/20 47/21 

MnO 28/0 39/0 25/0 31/0 42/0 30/0 31/0 46/0 72/0 38/0 

Al2O3 01/4 13/3 67/4 48/2 03/3 14/4 54/2 32/3 12/3 51/4 

TiO2 48/0 29/0 63/0 23/0 36/0 55/0 19/0 25/0 33/0 62/0 

Cr2O3 0 09/0 0 0  0 01/0 09/0 0 0  04/0 

Sum 52/100 19/100 53/100 27/100 13/100 66/99 36/99 78/99 52/100 35/100 

T Site           

Si 897/1  885/1 842/1 907/1  891/1 868/1 894/1 901/1 890/1 858/1 

Al 103/0 115/0 158/0 093/0 109/0 132/0 106/0 099/0 110/0 142/0 

M1 Site           

Al 071/0 020/0 045/0 014/0 022/0 050/0 005/0 046/0 026/0 055/0 

Ti 013/0 008/0 018/0 006/0 010/0 015/0 005/0 007/0 009/0 017/0 

Fe2+ 176/0 147/0 171/0 149/0 161/0 172/0 175/0 149/0 135/0 158/0 

Cr 0 003/0 0 0 0 0 003/0 0 0 001/0 

Mg 739/0 823/0 766/0 830/0 806/0 763/0 812/0 799/0 830/0 769/0 

M2 Site           

Fe
2+

 054/0 074/0 087/0 097/0 060/0 073/0 052/0 076/0 157/0 109/0 

Mn 009/0 012/0 008/0 010/0 013/0 009/0  010/0 014/0 022/0 012/0 

Ca 905/0 889/0 879/0 862/0 900/0 891/0 916/0 881/0 791/0 850/0 

Na 033/0 025/0 026/0 032/0 027/0 027/0 022/0 029/0 028/0 029/0 

K 0 0 001/0 0 0 0 0 0 001/0 0 

Sum cat. 000/4 000/4 000/4 000/4 000/4 000/4 000/4 000/4 000/4 000/4 

Sum oxy. 6 6 6 6 6 6 6 6 6 6 

Wo 1/48  7/45 0/46 24/44 4/46 7/46 6/46 0/46 0/41 7/44 

En 2/39 3/42 1/40 6/42 5/41 0/40 3/41 6/41 8/42 6/40 

Fs 7/12 0/12 9/13 0/13 1/12 3/13 1/12 4/12 2/16 7/14 

        

        

 F�;- F�;- F�;- F�;-3    �
D�/ M
�"� ���&"O�$ j�$�&)D
�F,#�.�0%�1 �"!�#�$ &' ���&1�! +,�- �
�&'�( %�1?
�) 23  4f���$.  
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 Gb-26 Gb-30  Gb-144 Gb-147 Gb-153 Gb-154 Gb-159 Gb-162  Gb-164 

Na2O 33/2  30/2 39/2  06/2  24/2  36/2  41/2  38/2 18/2  

K2O 15/1 21/1 23/1 28/1 29/1 28/1 08/1 12/1 26/1 

FeO 03/11 81/11 98/10 17/11 52/11 69/11 42/10 53/11 50/11 

SiO2 66/40 63/41 79/40 39/43 60/41 07/42 01/44 99/41 95/41  

P2O5 0 02/0 01/0 03/0 05/0 03/0 0 03/0 06/0 

MgO 72/14 16/14 35/14 38/14 87/13 19/14 31/14 08/14 79/13 

CaO 19/12 50/11 34/12 9/11 94/11 66/11 92/11 83/11 61/11 

MnO 20/0 23/0 16/0 31/0 36/0 14/0 21/0 07/0 19/0 

Al2O3 12/13 62/12 77/12 29/12 81/12 88/12 31/13 23/13 39/12 

TiO2 88/1 02/2 94/1 91/1 93/1 94/1 85/1 80/1 87/1 

Cr2O3 0 0 002/0 11/0 10/0 013/0 0 0 02/0 

sum 28/97 50/97 97/96 84/98 71/97 26/98 54/96 08/98 85/96 

T Site          

Si 044/6 173/6 087/6 311/6 161/6 183/6 111/6 173/6 251/6 

Al[4] 956/1 827/1 913/1 689/1 839/1 817/1 889/1 827/1 749/1 

Sum 000/8 000/8 000/8 000/8 000/8 000/8 000/8 000/8 000/8 

M1 - M2 Site          

Al[6] 341/0 376/0 332/0 416/0 398/0 413/0 445/0 463/0 426/0 

Cr 0 0 0 013/0 012/0 002/0 0 0 003/0 

Ti 210/0 225/0 218/0 209/0 215/0 214/0 208/0 199/0 210/0 

Mg 261/3 131/3 192/3 119/3 064/3 11/3 178/3 085/3 062/3 

Fe2+ 188/1 267/1 258/1 243/1 313/1 262/1 169/1 252/1 300/1 

sum 000/5 000/5 000/5 000/5 000/5 000/5 000/5 000/5 000/5 

M4 - Site          

Fe
2+ 183/0 197/0 113/0  116/0 113/0 175/0 130/0 165/0 133/0 

Mn 025/0 029/0 021/0 038/0 046/0 017/0 027/0 006/0 025/0 

Ca 792/1 774/1 867/1 847/1 841/1 808/1 843/1 829/1 842/1 

Na 0 0 0 0 0 0 0 0 0 

sum 000/2 000/2 000/2 000/2 000/2 000/2 000/2 000/2 000/2 

A Site          

Ca 150/0 052/0 107/0 008/0 054/0 028/0 059/0 035/0 012/0 

Na 671/0 660/0 691/0 582/0 644/0 672/0 697/0 679/0 631/0 

K 217/0 229/0 234/0 238/0 243/0 241/0 206/0 211/0 240/0 

Sum 039/1 941/0 032/1 828/0 941/0 940/0 963/0 924/0 883/0 

Sum Cat 039/16 941/15 032/16 828/15 941/15 940/15 963/15 924/15 883/15 

        

        

���� � �!���� � �!���� � �!���� � �!%�1%�1%�1%�1    ?"!�#�$?"!�#�$?"!�#�$?"!�#�$     �
��(��)�&	 �
��(��)�&	 �
��(��)�&	 �
��(��)�&	�
�&'�(�
�&'�(�
�&'�(�
�&'�(  

���� 3�� � �7L$ %�1"!�#�$?  ��,� �
�&'�(���� $� �A��>�-

���� �F,#�.�0 �����&�) ��S�,
TS) %�19&�/ %�1�  �E&' �� �
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Px 

Px 
PX 

++++        

Plag 

Plag 

���� 

Amph 

Sanidine

Or

��, � �
,���$ 3� �$;�� �' �1) �
D�/ �10 ;���$ � �
&7� �'

��$ 9;! (�� K�<�/;�1�� �"!�#�$ �
 �
Z,�,� �	�' %$�$� � 

 ;�"�1  �"�7�� �J,) �) K<!3 � � �/ X�$ .(  

�S�,
TS)�S�,
TS)�S�,
TS)�S�,
TS):::: ) �
�� �! H��&/ 4�,' Z�' 9;�1;���� �1�S�,
TS

 3��7� 4$D���������0 .' R,� �$ ���0 H��&/���/�,�0 � ���,"
 

��$ ) K<!4( .��/�,�0 ;L��  �/2/92 An ��;�� ) F�;-1( .

��>�� �E�� %$�$� �1�,7' �E&' ����,� � %��8 R,� �$ %$

;�"�1 .��>�� �E�� �' R$,�$ �� ��!�@ �' D�&� �$ �%��8 %$

&/�$ �#��  2/92 An  �/6/75 An �� 9;
�;�,! ) F�;-1.(  

��, � �� I��7� �S�,
TS) �,-��A��>� ��,� %�1�  &:���'

��$ +0 ���	 4�,' Z�' .'� '&�/� ;! 6,7A�9  %Z�' ���	 ��

 ��#�0 3"��� �� +0 �  ��/�,�0�  4;! ��V t8�' �+0

#��&/��% �� ��/�,�0 �$ �S�,
TS)�,! ]4[.  ��]5[ 9��!$ D�� 

9;! ��$  �$ ��9��! ;L�� �' �
�1�S�,
TS) ��$;'0 �"�$��' %�1

 �' �#�� �&/Z�' ��/�,�09��!+0 4�;' �"�$��' %�1�  �,7#"�

��;�,!.  

����&�)����&�)����&�)����&�):::: ����&�) ��� /� ;�"�1 ����&�),��7� R,� �$ �1  &'

?
�) 3���/ %;�']6[�  �$�, � ��Q – J  I��7� �& 72 ��

) K<!5  � X�$ ( �$&2��(�&;� ;��),
� � �
T�$ R,� �$ � )13 �

16 Fs 39 �43 En 48 �41 Wo (;�"�1 ) K<!5� +.( �� &a� �' -

����&�),��7� �,-� ;��' %�1��"� Z�' 3��7� �?  ����A	

 �� p�7�� ��
�)��$ 4,:'0 ;�1;���� YZ� "@$ �N  4�,'Z�'

 ��$ +0 ����A	]7[ . g
$&!P H2O ��, � %� (�� �� Z�' %�1

����&�) �,-� �' �A��>� ��,�%�1  %�- �' 3��7� �$ ��V

�� k��� D�� �
,���$ �,!) F�;-2  K<! �5( �<
�,^ �' �

����&�) �$ 3� 3��7� �' %�19��! �
�;�0 � �"�$��' %�1

� � �,7#"� +,^&� �"�$��' ;�,!]8[.  

F,#�.�0F,#�.�0F,#�.�0F,#�.�0:::: F,#�.�0K<! � �� �/ K<! �' ��1J�&�,u7) �' ��$�  3C��

     *�C� �C
$ �� �C
,��v � �C���$ U�,CL �� �' � *�� 3� D#�  �C1

;��$� �,w@ .F,#�.�0 �C���&�) K
;#/ KL�@ �
,��v %�1$  � ;C�

�!�@ ��? �� 9;1��� �1�,7' �
$;�,!�  F,C#�.�0 �   ��C���$ %�C1

   �C���&�) � �S�,C
TS) %�1�,7' ��"�7�� �J,) U�,L �' �E&'

�� &' �� $� ;�&�() K<!3 � s .( &' ?C
�)  C��/�3 ;C�'% ]9[   �C'

 ��A2,��� �Q %&L��8 R,� �' �-,/B �"E���   F,C#�.�0 %�,7'

�� �$&2 9�&( ���= �' $� ���0 ;�&�(9�� %;�'&Q9�;�$:  

1� F,#�.�09�&( %�1Mg - Fe - Mn - Li � ��  9�&( �
$ ��

 �$;��1( Ca + Na )B <  � 1( Mg,  Fe, Mn, Li )B ≥  

��$ .  

2� F,#�.�01�$;�� 9�&( �
$ �� �P��7Q 9�&( %�  

1(Ca + Na)B ≥  � 5/0 Na B <  � 5/1CaB >  ��$.  

3�F,#�.�0P
;� 9�&( %�1 � �
$ �� �P��7Q 9�&(  

 1 (Ca + Na)B ≥ � 5/1 � 5/0 Na B =  ��$.  

4� F,#�.�0�$;�� ���0 �� �Q P
;� 9�&( %�1 5/1 Na B ≥    

 ��$.  

  

  

  

    

  

    

  

    

  

  

  

  

    

  

        
        

 K<! K<! K<! K<!3  �$ � �/ X�   %���,#��&'    �C���&�) %�C1 ���C� �$ K<�"� �
�&'�()Px(  �S�,C
TS) �)Plag( ���C� �     �C
��(��)�&	  F,C#�.�0 � 9&C�/ %�C1

)Amph ( �"!�#�$ �	�' �')+ �X�$ ( �"�7�� �J,) �)� �s .( � s � X�$ &
��\/XPL  � � � + &
��\/ �PPL . 
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 K<! K<! K<! K<!4  �1��x�;7	 %�$y:��� %�"!�#�$�$�, � �� �
�&'�( %�1 Ab-An-Or .�1�S�,
TS) ��/�,�0 � ���,"
�' H��&/ %$�$� ;�"�1.  

  

  
  

  

  

  

  

  

  

  

  

  

  

  

  

  

 K<! K<! K<! K<!5  ��>������&�) %;�'%�1 �"!�#�$&' �
�&'�( %�1 ?
�)  %;�' 9��]6[  . X�$– `
$;- ����&�) I��7� �I��7� %�1–  I
;� � I
;�

 &'?
�)  �$�, �Q-J � ���, �� �$&2 I��7� 9�&( �� �A��>� ��,� %�1 + � ;�&�(– ;�"�1 �
T�$ � ;��),
� R,� �$ .  

  

3���/ �' �-,/ �'%;�' Z�' 
�) &' �? 23 4f��Q$ �F,#�.�0 -

�� �$&2 P��7Q 9�&( �� �A��>� ��,� %�1;�&�( ) K<!6  � 

X�$(  �&"��'  �& 72 �� �
��(��)�&	�
��(��)�&	 �  ;�7#��,1 �

 ;�7#��,1 �
��(��) � �
��(��) px��� �$&2;�&�( ) K<!5 � 

+( . �' �-,/ �'�!�#�$ &"��' ��, � � �
��(��)�&	 �& 72 �� �1

���� �' 40 q&"�� �&� %���� 4��� ������ %�1 �� ;1�

F,#�.�0 H��&/
�' �A��>� ��,� %�1;  �
��(��)�&	 R,� �$

;�!�' .  

 U�A��>� �' �-,/ �'*��E��!�"   �C
$ ��
�� �! H��&/ �

F,#�.�0   �C� &Ca� �C' � 9�,' �
� (�� �1    �$ Y� ��"C�� �C� ;C��

 YZ� "@$ � +,^&� %� (�� pC)     � �
,C���$ ��C���&�) �,C7#/ �$

9;! �,7#"� �S�,
TS);�$ .9�:"��E F,#�.�0 �
� (��  �C<���= �1

F�;- �� 3    %Z�C' �$;C�� �$ ���$ 9;�0K )2/0 >( �Na )6/0 

>( �Al )6 > ( �Ti )2/0 > (   �C�$ k�C�� YS���]10[  �$ �

F,#�.�0 R,�;�"�1 Z�' %��� %�1.     F,C#�.�0 �,Cw@ �C
$ &'��'

�� 4��� �
� (��      %��C
� �$;C�� %$�$� �"C�
�' �C (�� �� ;1�

 ;!�' 9�,' +0]11[ .F,#�.�0 *�C� %�1     �C' DC�� 4�C'D�� %�C1

F,#�.�0 �'��� H��&/ d�e� %�1"!�#�$� ,' �
�&'�(� 9�  ,C� �$ R

 �
��(��)� �&	 �
��(��)"�1;� ]2[  .  

X�$X�$X�$X�$ 
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��CC���CC1% /CC�9& : R,CC� �$ �CC�"�:�,��"�/ � �CC�"�:���CC@ �%  

%57/83 – 08/79  =FeO �  %16/7 – 34/4  =TiO2 

;�"�1.  

 �
�� �!,JT U�\��� �
�� �!,JT U�\��� �
�� �!,JT U�\��� �
�� �!,JT U�\���"!�#�$"!�#�$"!�#�$"!�#�$�����1�1�1�1�
�&'�( �
��(��)�&	 %�
�&'�( �
��(��)�&	 %�
�&'�( �
��(��)�&	 %�
�&'�( �
��(��)�&	 %   

�/,#<�8 %�1,:�$ ���&'� ��$�$&	, � ���E ���� &L��8 %�1�� -

 %�1"!�#�$�%$  &' �� �A��>� ��,� �
�&'�( �
��(��)�&	?
�) 

�'�v %�1]12[  �
�;�� �' �#�������' 9;!;�1;���� �;�$N 

��V I#� ���E ���� &L��8 �(;!)LREE ( &L��8 �' �#��

 ��:�� ���E ����)HREE( ��$ ) K<!7 .(��V I
 �(;!

 �$ �#��La ��/ � �$ �(;!Ce �,-� �$�, � �� ��V �� ��$�-

 �(;!La �� ����( �,-� YZ� "@$ �9�:"��E  $�/A��� ��;�� 

]13[ . �
$&�$  � ��:�� ���E ���� &L��8 ��J�) &
���� g�,/

�� ;�J}/ ���0 3� �7�E H�!,! �) K<!7 .(%�����'��  �.��

Ce �� &�v�/ &:���' ;�$,/4��&(� ��, � &' �A��>� ��,� %�1

 ;!�']14[ .%�����'��  �#~� �
D-Eu ) �#��Eu / Eu*  &'$&'

 �'08/1 ���$  { Eu* = ( Sm + Gd )N / 2 } ( %Z�' 4$D�� �

Al2O3  ��, ��� 4��� $� �S�,
TS) �!�#�$ �9;! �
D�/ %�1 -

;1�.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  
K<!K<!K<!K<!6   �$�, ���>�� %���,#�.�0 %;�'�"!�#�$ &' �
�&'�( %�1?
�) 9�� %;�']9[ .X�$� .�0F,#�.�0 R,� �$ ���,#�+ � ;�"�1 I��7� %�1�  Y�/; 8

�
��(��)�&	 �& 72 �� ��� �$&2 ;�7#��,1 �
��(��)�&	;�&�( . �
$ %�1&"�$��)�$�, �  K��!5/0 ANa + AK > �5/0 Ti <  �Fe3 < AlVI ��$. 

  

  
  

  

  

  

  

  

  

  

  
 K<! K<! K<! K<!7    %,:�$�����'  &' �A��>� ��,� %�1 ��, � �"
�;�� N;! ?
�)�'�v %�1]12[.  
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from  

sub alkali 

basalts 

��, � ��
�) p�7�� %$�$� �A��>� ��,� %�1) ��:����43 

;L�� (�� �$&2 ��$��' �
&<�) �& 72 �� � 9�,' ;�&�(]2[ .

;�1� K�<�/ %� (�� ��1��N �"!�#�$ &' �
�&'�( %�1?
�) 

 ��7L$ &L��8�
��72 � ���$ �
��72 � ��  %�1�$�, � �� �

$;-;���N #��&/��% ' &' %��?
�)  ����&�),��7� H��&/) K<!

8 (��, � �D�� �& 72 �&� �� �A��>� ��,� %�1�
��72 ��$��' � �1

 �
��72 � ����$��'�� �$&2 �1 ;�&�(]15[ . &'?
�)  �#��Rb/Sr 

�' Ba/Rb ]16[��, � � 9;�1;���� �A��>� ��,� %�19�:"��E 

;�"�1 �"�/�;
&) . �$�, � ��TiO2 H�@ &' FeO  &' �� �K�

?
�) %���,:'0 �
���0 �$ KL�@���� ]16[  �� �9�:"��E 

"!,(?  D� / 40 �� ����' � 9;! ��/ �"�/�;
&) 9�$�9;! �;�$

��, � �& 72 ��' �A��>� ��,� %�19�:"��E  ��/ �"�/�;
&)

�� �$&2 9;! ��V � 9;! ;�&�() K<!9 .( &'?
�)  �#��

(Hf/Sm)
N �' (Ta/Th)

N ]17[ ��, �1 I
�D� �A��>� ��,� %�

 �'"!,( 4$;��? �"	&( �$&2 9;! ��/ ;�$) K<!10 (�#�� �-

 %�1Ti / Yb  �Nb / Th ]18[  9;�1;����9�:"��E  �"!,(

9��2 %&.�,"����, � %$&' %$��$ �A��>� ��,� %�1 .  

��V �(;!La ��/ � �(;!HREE ) ��;@2  �/4  &'$&'

�
�;�� (��, �"@$ �A��>� ��,� %�1 �,-� 9;�1;���� YZ� 

 �� ����(9�:"��E  �����0]13[ . K<! ��11  &' ��?
�) 

 �#��Dy / Yb �' La / Yb ��$  +�[ ��e�� � 9�:"��E

�� 4��� $� �����&� K��x�$ � �����&� ����( ;1�]19[ �

�"!�#�$ ��e�� �' I
�D� �
�&'�( %�1 9�:"��E ����(

-�� � �"����&�� %�1Y�"#�� ���' +�[  ��
�16  �/18  ;L��

�� B2$�;�,! . %,:�$ H�! � �
� (�� ��1�� �' �-,/ �'

��$�$&	 ����E ���� &L��8 %�1��$,� 1 �(f
� �
$ ��' �',E-

-�� � �1? +�[ � ���' 9�:"��E �A��>� ��,� %�1 ��, �

��$� �,-� .���= K<! �<7  4�����;1� ���E ���� &L��8 �

�E ���� &L��8 �' �#�� I#� �(;! ��V %$�$� ��:�� ��

 %&"�#' ;�"�1)35/3(La / Yb)
N
 =  .( ��V �
$ 4$D��

-�� �' �"�' �(;!? �� &��5/ ���' +�[;�� . +�[ U�-��

"!,( ��
�) ���'? ���2,	 ) �$ &" �10 ;L�� ( �' &���

 �"�$��' %�1� (�� K�<�/�
��72 ��V t8�' ���"� �� � �(;!

�� ��:�� �' �#�� I#� ���E ���� &L��8 ;�,!]20[ . �'

-�� `
$D	$?  ���E ���� &L��8 �(;! ��V �$ ���' +�[

�� �"��� ��:�� �' �#�� I#��,!�  �$ �
� (�� %&� �

�
��72  �'�
��72 � �� �� &��5/;'�
 . ��1�� �' H7>� �
$

��, � �A��>� ��,� %�1)�
��72 – �
��72 � �� ( �-�� `
$D	$? 

 ��1�� �' %�1� (�� �' �#�� ���' +�[�
��72 ) �$ &" �10 

���' +�[ ;L�� (��$� �:�1� 1 .#�$�"!� %�1 ��,� �
�&'�(

�A��>�  KL�@ YZ� "@$`
$;-  ��	 �
�,7'����$ �,7#"?  %� (��

9�$;( �' i,'&� �� ;�"�1 4�'D�� %�1 �'��?7�  %� (��

K @ Z�' �,>� �' 9;�� �2�' 9;!;�$ . �
$ ���&' ���,#��&'

%$&'  ;�1$,E ;�.� ����' �
� (�� 4D�� ���	 � W 8 ���A/

�,'.  

9�,/ U�A��>�3"��� %�� I�	�� %[,.� %�1 Y�"#�� %�1

 �:�,:= ��,� �� U�8S^$ ��
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