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��%5� 10.2.16 11.2.16 10.2.16 241.1.2 2411.4 241.1.5 1.2.12.11 1.312.11 1.412.11 1. 4.1.9 3. 4.1.9 4. 4.1.9 
W�XB�� E:469760.22   N:4203479.88 E:469705.08   N:4204635.09 E:469420.38   N:4204377.19 E:469548.35   N:4204339.91 
SiO2 dd�/Qd ��Q/Q� dd�/Qd m��/Q� �d/Q� R��/Q� �RQ/Qd m�m/QR ���/Q� �m�/R� ��Q/�� dm�/dd
TiO2 �Qm/� ���/� �Qm/� �Qm/� �QR/� ���/� ��/� ���/� ���/� �m�/� ���/� ���/�
Al2O3 �R�/�� ���/�� �R�/�� d��/�� �mm/�� �dR/�� ���/�m QR�/�� ���/�� �R�/�� ��Q/�d Q��/��
Fe2O3 �R�/� �R�/� �R�/� R��/� �dQ/� ���/� ���/� �d/� �d�/� m/� R��/� QR�/�
CaO ��d/� �QR/�� ��d/� ���/� �QQ/� ��R/� d��/�� �QR/�� ���/� ��/�d �Q�/� ��/��
Na2O �Q�/� m��/Q �Q�/� ���/Q ���/� ���/Q d��/d QQd/d �d�/Q ���/� �dm/� R�Q/�
K2O ��Q/� ��m/� ��Q/� �mR/� ��Q/� ��R/� ���/� ��R/� ���/� ��Q/� ��Q/� �RR/�
Cr2O3 ���/� ���/� ���/� ��m/� ��/� ��/� ��/� ��/� ��d/� ���/� ��Q/� ���/�
MgO ��/� ��/� ��/� Q��/� ��/� ��/� ��/� ��/� �d�/� ��/� ���/� ��/�
MnO ��/� ��Q/� ��/� ��/� ��/� ���/� ��/� �dd/� ��/� �d�/� ��/� �QR/�
NiO ��/� ���/� ��/� ��/� �dm/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
�%57� m�/��� Q�Q/�� m�/��� ��/��� d�R/�� d��/�� ��R/�� mR/��� �Rd/�� �RQ/�� ��m/�� �md/���
Si ��d/� �R�/�� ��d/� �m�/�� R�d/�� RR�/�� m��/� �m�/� R�m/�� m�Q/� ���/�� ��d/m
Ti ��m/� ���/� ��m/� ��m/� ���/� ���/� ��/� ���/� ���/� ��R/� ���/� ���/�
Al �mQ/� �mQ/Q �mQ/� �Rd/Q Q��/Q QQ�/Q ��d/� �QQ/� �R�/Q d�d/� ���/Q ���/�
Fe(ii) ��Q/� ��Q/� ��Q/� ���/� �R�/� ��Q/� ��d/� ���/� ���/� ��d/� �d�/� �Q�/�
Ca ���/� ��Q/� ���/� �Q�/� m��/� m��/� d�m/� dQQ/� m�d/� �R�/Q R�d/� �RQ/d
Na dmm/� �RR/� dmm/� �mm/� �RR/� ��Q/� Q��/� Qm�/� �m�/� ���/� d�d/� mm�/�
K ��R/� ���/� ��R/� ���/� ���/� ���/� ��d/� ��R/� ��d/� ���/� �RQ/� ��m

R��/�� �dR/�� R��/�� m��/�� �dm/�� ���/�� ���/�� �m�/�� ���/�� ��d/�� m��/�� �mQ/��
4{��C  � (b> m m m m m m m m m m m m
An R�R/dR �Q�/dm R�R/dR ��m/d� �md/d� ��Q/d� Rd�/�� ���/�� ��d/Q� ���/�� �mR/� ��d/m�
Ab Qd�/Q� �Q�/Q� Qd�/Q� ��R/Q� �m�/QR �Q�/Q� Q��/R� ��Q/R� ���/dm �Q�/� mQ�/�m ��d/��
Or ��m/� R��/� ��m/� Q�m/� ���/� ���/� ��R/� ��d/� ���/� ���/� ���/� ���/�
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(&J��!��5, �d4�B��. ��R�����C �5�, ������ ��B?�* �*�/F (��C  !�"B*�? � �DFe-Ti�� . . .٩٣٣ 

'
�9:���C ��/E�/)�� O����6 �
�B�I+* .  ;� (b> �F��B�  -�C�/�E ;�D��~+� ;�D.
I+* �/F�0O
� :�	�� /	 :�	�� /	
��%5� 241.1a.12 2411a1211 241.2.2 0.21116 211.25 211.26 18. 1.a1 16.2.1 11.4.1 
���C Opx Opx Opx Opx Opx Opx Cpx Cpx Cpx 

W�XB�� E:469705.08   N:4204635.09 E:469760.22   N:4203479.88 E:469760.22   N:4203479.88 
SiO2 ��Q/QR ��/QR �d�/Qd �R�/R� R��/R� ���/R� �m�/Q� RQ�/Q� ��R/Q�
Al2O3 Qmd/� QmQ/� �Qm/� R��/� ���/� �R�/� ��d/d R��/d Q��/d
Cr2O3 ��m/� ���/� ���/� ��/� ��/� ��/� ��d/� ��m/� ��d/�
TiO2 �d�/� ��R/� ��R/� ��m/� ��R/� ��d/� ���/� ��d/� �R�/�
MgO Q�d/�� �mQ/�� mmR/�� d��/�d ��/�Q QQ�/�Q Q��/�� R�R/�� �d�/��
FeO �R/�d �R�/�d ��/�R ��m/R� ��Q/RR ��R/RR Q�R/m d�/� ���/��
MnO ��R/� ��R/� ��m/� Rm�/� R�m/� d�m/� ��Q/� R/� ���/�
CaO �Q�/� ��/� ���/� Q�R/� �m�/� �mm/� ��/�� ���/�� R��/��
Na2O ��Q/� ��Q/� ��/� ��R/� �d�/� �RR/� ���/� mdm/� ���/�
K2O ��/� ��/� �RQ/� ��m/� ���/� ���/� ��/� ���/� ��/�
NiO �R�/� �R�/� ��/� ��/� ��/� ��/� ���/� �d/� ��/�

�%57� d�m/��� Q�d/��� R��/��� ��Q/�m R��/�� ��Q/�� ddm/��� ���/��� Rd�/���
Si ���/� ���/� �R�/� dRQ/� d��/� dR�/� m��/� ��/� �/�
Al ��m/� ��m/� ���/� ��d/� ���/� ���/� ���/� �m�/� �/�
Cr ���/� ���/� ��/� ��/� ��/� ��/� ��/� ���/� ���/�
Ti ���/� ���/� ���/� ���/� ���/� ��/� ��Q/� ���/� ���/�
Mg ��/� ��m/� �R�/� ���/� dQR/� dQ�/� ���/� �mR/� ��m/�
Fe2 �RR/� �R�/� �d/� ���/� ��/� ��/� �QQ/� ��d/� R��/�
Fe3 ��/� ��/� ��/� ���/� �/� ���/� ���/� ��/� ��/�
Mn ���/� ���/� ���/� ��R/� ��R/� ��R/� ���/� ���/� ���/�
Ca �dQ/� �dQ/� ��d/� ��Q/� ���/� ���/� mQm/� m��/� ���/�
Na ��/� ��/� ��Q/� ���/� ��R/� ���/� �QQ/� ���/� �Q�/�
K ��/� ��/� ���/� ���/� ��/� ���/� ��/� ���/� ��/�
Ni ���/� ���/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

4{��C  � (b> � � � � � � � � �
4%�>�C �%57� �d�/R �Q/R �R�/R ��/d ��/d ���/R ��/d ��/d ��/d

'
�9;���C ��/E�/)�� O����6 �
�B� �F��B�  ;�D ��%5� ��+5&
  ;�D.
I+* :�	�� /	 U��? (��C �/F�0O
�
��%5� 211.14.1 2.211 1.2113b 6.2113b 33. 53. 63. 73. 118. 1a9 1a91211 219. 

W�XB�� E:469760.22m   N:4203479.88m E:469692.39m   N:4203462.54m E:469705.08m   N:4204635.09m 
SiO2 �md/� R�d/� �Q�/� ���/� ��R/� ��m/� ���/� ��R/� ��d/� ��Q/� ��Q/� ��d/�
Al2O3 ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Cr2O3 ���/� ���/� �RQ/� ��d/� ���/� ��d/� ���/� ���/� ���/� ���/� ���/� ���/�
TiO2 �d�/QR ���/Q� �R�/QR mmR/QR R��/Q� ��d/Q� ���/Q� ��R/Q� �R�/Q� ��Q/Q� R��/Q� Q��/Q�
MgO ���/� ��Q/� m��/� m��/� R��/� Rmm/� ���/� d�Q/� �d�/� ��R/� ��Q/� �R�/�
FeO ���/dd dQ�/d� ��Q/dR mQ�/dR ���/dQ ��m/dQ ��R/d� ��m/d� �d�/dQ Rm�/dQ d�d/dQ m�R/dQ
MnO �d�/� Q�m/� ��m/� ��Q/� mRd/� m��/� m�Q/� m��/� ���/� ��Q/� ���/� R��/�
CaO ���/� �RQ/� ���/� ���/� ��m/� ��d/� ��Q/� ���/� �dQ/� �dd/� �dd/� �m�/�
Na2O ���/� ��d/� �dm/� ���/� ���/� ���/� �R�/� ��R/� - - - -
K2O ���/� ���/� ���/� ���/� ���/� ��d/� ���/� ��Q/� - - - -
NiO ���/� ���/� ���/� ���/� ���/� ��Q/� ���/� ���/� - - - -

�%57� ��/��� ��/��� Q��/�� d��/��� R��/�m �Rm/�m ���/�m Q�Q/�� �m�/�� ���/�� �m�/�� ��/��
Si ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��Q/� ��Q/� ��Q/� ��R/�
Al ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Cr ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/�
Ti ���/� �Q�/� ��m/� ��R/� �m�/� �md/� �m�/� �m�/� ���/� ��Q/� ���/� ��R/�

Mg ��R/� ��Q/� ���/� ���/� ��d/� ��Q/� ���/� ���/� ���/� ���/� ���/� ���/�
Fe2 ���/� md�/� ���/� ��m/� �Q�/� �d�/� �QR/� �Qd/� �R�/� ��R/� ���/� �R�/�
Fe3 ���/� ���/� ��R/� ���/� ��R/� �R�/� ��m/� ���/� ���/� ���/� ���/� ���/�
Mn ��Q/� ���/� ��Q/� ���/� ��m/� ��m/� ���/� ���/� �dR/� �dd/� �dd/� �Q�/�
Ca ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� ��Q/�
Na ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� - - - -
K ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� - - - -
Ni ���/� ���/� ���/� ���/� ���/� ���/� ���/� ���/� - - - -

4{��C  � (b> R R R R R R R R R R R R
Xhem ���/� ���/� ���/� ���/� ���/� ���/� ��d/� ���/� ���/� ���/� ���/� ���/�
XGk ��R/� ��Q/� ���/� ���/� ��d/� ��Q/� ���/� ���/� ��Q/� ��d/� ��Q/� ��Q/�
Xpy ��Q/� ���/� ��Q/� ���/� ��m/� ��m/� ���/� ���/� ���/� ���/� ���/� ���/�
Xilm ���/� ��R/� ��d/� ���/� �Q�/� �Q�/� �Q�/� �Qd/� ��d/� ��Q/� ��R/� ���/�
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q
%D ��%E(*  � �*�+,�%&F �&7�4 /
  �*�+, ���C ٩٣٤

 '
�9<���C ��/E�/)�� O����6 �
�B���%5� ��B+"� ;�D�F��B�  ;�D .
I+* :�	�� /	 (��C Fe-TiU��? �/F�0O
�
��%5� 25.12 11.12 9.12 2.1.3211 15.4.1211 10.5.1211 210.13.3 210.20.3 210.27.3 210.29.3 210.31.3 210.41.3 241.2a10 

W�XB�� E:469760.22m   N:4203479.88m E:469692.39m   N:4203462.54m E:469705.08m   
N:4204635.09m

SiO2 �d/� ��/� �d/� �m/� �d/� �R/� �R/� ��/� �Q/� ��/� ��/� �d/� Rd/�
TiO2 R�/� m�/� R�/� ��/� ��/� �R/� ��/� ��/� d�/� �Q/� R�/� �d/� �Q/�
Al2O3 ��/� R�/� ��/� dQ/� ��/� �R/� R�/� Q�/� ��/� d�/� RQ/� d�/� �d/�
Cr2O3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� �m/� ��/� �Q/� �R/� ��/� �Q/�
Fe2O3 m�/�Q ��/�Q R�/�R �m/�� m�/�� mm/�� ��/�� QR/�� ��/�� �Q/�� mR/�� �d/�m m�/��
FeO d�/R� d�/R� m�/R� ��/R� ��/R� �R/R� �m/R� ��/R� d�/R� �R/R� �m/R� ��/R� mR/R�
MnO ��/� ��/� �R/� ��/� ��/� ��/� ��/� �d/� ��/� �d/� ��/� ��/� ��/�
MgO ��/� Rm/� R�/� ��/� ��/� ��/� ��/� ��/� �d/� ��/� ��/� ��/� ��/�
CaO ��/� ��/� ��/� ��/� ��/� ��/� �R/� ��/� ��/� ��/� �Q/� ��/� m�/�

�%57� �R/��� d�/�� ��/��� ��/�� �R/��� R�/��� md/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/���
Si ��/� �d/� ��/� ��/� ��/� ��/� ��/� �R/� ��/� ��/� ��/� ��/� d�/�
Ti R�/� ��/� Qd/� ��/� �Q/� ��/� �Q/� �d/� ��/� �R/� ��/� �R/� �d/�
Al ��/� d�/� RQ/� ��/� ��/� ��/� �R/� �m/� ��/� �Q/� �R/� ��/� d�/�
Cr ��/� �R/� ��/� ��/� �R/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� d�/�

Fe(iii) �m/�Q ��/�Q QR/�d dQ/�Q R�/�Q R�/�Q �R/�Q ��/�Q Q�/�Q ��/�Q ��/�Q �d/�Q md/�R
0Fe(ii) �Q/m ��/m Rm/m �d/m �m/m ��/m �R/m ��/� ��/m ��/m �Q/m �R/m ��/m

Mn ��/� ��/� �R/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Mg �Q/� ��/� �d/� �d/� ��/� ��/� �R/� �Q/� ��/� �R/� ��/� ��/� ��/�
Ca ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�

�%57� ��/�d ��/�d ��/�d ��/�d ��/�d ��/�d ��/�d ��/�d ��/�d ��/�d ��/�d ��/�d ��/�d
4{��C  � (b> d d d d d d d d d d d d d
Fe/Fe+Mg ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Cr/Cr+Al �m/� ��/� �d/� ��/� �m/� �m/� ��/� ��/� ��/� �m/� �Q/� ��/� QR/�

Fe(ii) �Q/m ��/m Rm/m �d/m �m/m ��/m �R/m ��/� ��/m ��/m �Q/m �R/m ��/m
Fe(iii) �m/�Q ��/�Q QR/�d dQ/�Q R�/�Q R�/�Q �R/�Q ��/�Q Q�/�Q ��/�Q ��/�Q �d/�Q md/�R

Fe2
/(Fe2+Fe3) RQ/� RQ/� R�/� RQ/� Rd/� Rd/� Rd/� Rd/� Rd/� Rd/� Rd/� Rd/� Rm/�

Fe3
/(Fe3+Fe2) �Q/� �Q/� �R/� �Q/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� �R/�

=>� 
 ?"�
� 
@+������ 

�
@ /�8 ;�D�/F�0 ;  /B#�F�� � P��8 �	�F �!�%F 1*%B� �> O
�
 ���6�� ���
� �%? �5�� ; �*  .-�C�/�E%+�&C �.aC%
�aE

)�
��  � (��E%
� P�C/> �F (;� (�� �F ! /5D -�C�/�E%>�  �
���C o7] -
/B#�F A%K�=�6�� T�)#>  � �D(+D� .�-C/
.

��>�E6 ��(C ���CI+* -
  �� �'/	 ���C 4 %+bF �%�] �D
(�� � .A� (B� 4 %+bF .aC%
�aE�� � �F ���C -
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