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SiO2 23/5, 67/5, 89/57 
TiO2 39/: 82/: ,7/:
Al2O3 ,7/,3 67/,8 99/,2 
FeO 3:/2 ,2/2 82/,

Fe2O3 37/: 8;/: 28/:
MnO :8/: :9/: :,/:
MgO ;7/: ;,/: 38/:
CaO 63/, 65/, 8;/:
Na2O 33/8 78/8 52/2
K2O :8/8 96/8 :2/3
P2O5 28/: ,3/: :3/:

*��+2�F3$8�( � ��E�> ���8�$�> S�))-P�� K�J  % (�
=W8 �( 6P�J5�@�� =!=! �$3 ��B)-"	 5(.
Samples 3Pg21-49-core 3Pg21-50 3Pg21-51 3Pg21-52 3Pg21-53 3Pg21-54 3Pg21-55- rim
Location Kohe-Gazgaz 

An ;2/,5  95/,,  :3/2:  9/: ,9/: ,/: ,9/:
Ab 3,/;,  ,,/;;  35/56  32/,9  63/5 35/; 8,/;
Or 5;/: 82/: 9/: :;/;3  ,6/6,  38/6,  93/6,  

8�F3$8�( � ��E�> ���8�$�> S�))-P�� K�J  % (�
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Samples 4Pg21-56 4Pg21-57 4Pg21-58 4Pg21-59 Mg6-2-88 Mg6-2-89 Mg6-2
Location Kohe-Gazgaz Poloserkan 

An :5/,3  32/22  :7/27  69/82  ;,/: 3,/: ,3/:
Ab 88/;9  35/57  :5/58  33/77  77/6;  ,:/66  3/66
Or 96/: ,:/, ;5/: 52/: 98/: 36/: 33/:
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GF:Bt : ���8$�%Mus : ��
�$7��Afs :��B)-"	�
��"0 �Ti :



,��3 8 q +( ,( 
( �)�*+ ���3 � �)�*+�$"% �"W� �pi

��$.� �)�*+��$� 5�/�)� % �2��( ! )���( !

�$�( ! �
�$ (�)(.4*) �
( �/5 ) �(

I-*2�/ .��(� 5�/ �
��.�+$LG g�h� 5( %
 P�*# LIL��8 ��( �!-+HFSE �( ./ �% 

K2O/Rb�FeO/MgO S��8�.!��  &���%
5���0 ,> 5( �$"E8 �( �3 �)�/�'
(-Q y
 

�2)$: �5�-+ 6P�J �
 
� -�(]�Z[.5( % 
,�)$� �5�/4*) �
��.�+ K�3 8 5�/

����$"��$8� : � �/�/(�% �E�� 4*)
����( M�*% 5("���$8� : "�� �-+ �L(�( C�� �(
� -����$2) �(�$.��5�/-��3( ��(�( 	 

�)( �-+ ��
���  &
-7
 �% 4*) �) )67+
��*R���$"��$8� : �� �)( �$�'� �7 � �/

SiO2�Al2O3��2J Na2O�K2O
,�)$� �5 �&.'R�.� ,�'� -/� .��(�( 	

=*&*� � S
=�*� ��/> )��"%�0  �A(  s*# �3
 s*# ]�%��(� (� (�% \�E
 �8 ���$8� : �% �E��

67+ !� 4*) ��  / �� � �2	�
 qF2A( �2	�

��(-� �$Q� �.% V$t$� �
(��(-�� N
(=	( 

4�/��!��)�)( .-P��TiO2�P2O5%�
���$"��$8� : �/���$"�� ��2	�]�% �/-�( ��

���$"��$8� : �� �/-��3( �
( ��(�( 	 �3 �/
��/ .�3 �@
( + ��CaO4*) �� 5�/

 y
�=� �"7+ !� 5(�(���� ,�'� N
(=	( ���$8� :  %( % -
���$"�� 5��  / �� -��3( �
( �(-�� �-/����$"��$8� : � �/ -

,��7
 �/�)( . 	�% \]�.2J( �/-��3( �
( ��(�(�% -
 6�7'8 
�
�W%�Q � c�-�:( � ����2�8 5�/�$"%  2'�% ��  P�*# 5�/

 5���� !� 5�/-*
( 	�2�%(� -+�% )67+Z(.

"�)� @�������� �	�
 �����
�	�
 ���� � ��� 

:�F3$
GF( ����"3� 7�� � �F3$8 ,($*# �%S���
 8 ���35�/ 
y��"	 ������.8 �/-J(� �&*) 5��@*� �$�J -��(�.��(� -

�
=W8 �( 6P�J 5�/�@�� 5,�'� �/�$"% =3 � �% ��+�J �( 5(
�� -/�)g�-Q�Y��� �3pg21-49  �8 3pg21-55(���( ! 

�2�/ �% �
�/�F3$
GF: 5(�(� =!=! �$3 �� � �)( 5-) 5�/
 �(-�� V$.W���8�$�> ��% �2�/ �� �/�F3$
GF: �
( p�/�_ �8

^�/�^ �( ��E�> �(-�� ��_/_� �8 ��/pp  �D2� -��.% .��+�J-
5�2�/ [7#  % �/��B)-"	 S�)�2: �( �*H ��2�E�> 5)Or 

91.19 - 91.54 ( �)()67+���.(5�/��B)-"	 �(  &
� �A % ��
 5-) �/�F3$
GF: �"3 K�3 8 =�� =!=! �$3�)()67+�(

)g�-QZY��� �4pg 21-56  �8 4pg 21-59 .( �3 5$o*%
 �( �7*
( \�	��� � �)(  2'�% ��8�$�> -P�� �( ��E�> ��(�( 	

,�)$� =�� ��+�J �% =3 ��
�/��(� ��8�$�> N
(=	( ��Q �� .
 h3(-J �/��B)-"	 ��$! �
( �F3$
GF: K�3 8 �� ��8�$�> S�)

��/Z� -P�� �)( .����% �F3$8�( �( �/��B)-"	 �( �� ! �
(
 ��% �.3��/^�8�^/�-��(��$A % -P�� )g�-QZ.(

���$"��$8� : ����$8� : ��  P�*# ��(�( 	 ��@*� �� ���$"�� �5��$� �)� % �� ���T2)( ��$� C�� 5�*E�  % �/�(�$.� �]�_[
��(� g�-Q 5�/�S�O*8 �)( �-+.



=�
�:�Z�� 4*) �
��.�+$LG ��2	� �)� %�.�+ � 63���35�/ � ��B)-"	. . .�p_ 

�F3$8�( ��(�( 	 –>��@*� �( 5�F3$
GF: �� ��E�5�F3$8�( �( �*H ��+�J �� � ��E�> �( �*H =3 � �� �3 =!=! �$3 *2�/-.

��$.� 5�/��B)-"	 �E�3 8 ��$� ;<�*� 5�/�)� % �(�$.� �� An-Ab-Or� 
(� `5 :$8 :����A$8 k% � �,�3 )$": :��&*�) ����%>
=!=! .

�"3 g$� 	 �( � -��(� �2�E�> K�3 8 �/��B)-"	 
An 0.14 - 0.81  Ab 98.66 - 9�� 5� �:-**3 

Mg 6-2-88-9.( 
��(� �$Q� ��B)-"	 �� ! �� .5�/��B)-"	

�% �F3$8�( Or 84.03 - 95.41 An 0 - 0.15 Ab 4.49 

g�-Q ��Y��� �Ms 87-85 �71-78 Ms(
S
-) �( �*H �F3$
GF: )g�-Q�Y��� �2Ms 

ia(,> �� �3 ��E�> �% 5 8 % �/)��%
-P�� (c( ��D8 � �)(An �
 � �2�/ �� 

�: �P�A SO� �( ��+�J�.� 5� ,> �F3$
GF: � -*3 V$� �( �/
 �F3$&���(�)( .�F3$8�( �% �
�/��B)-"	 ��*R_Z/^-P�� 
�2	 ! 67+-�( .

�*�: �� V$.W� �� (f�5��$� �+ % �)� % K�3 8 
��&*) � =!=! �$3 5�/��B)-"	 5-) ��  / ��%>–� �)�2:

 ,�3 )$": 5( %��*8 =3 .2� ��E�> K@0 �� � y
-) �)(.�3
�h"h� �(�$.� ��An-Ab-Or �� �-
� �%$A �% =�� �$+)67+

�.(



,��3 8 q +( ,( 
( �)�*+ ���3 � �)�*+�$"% �"W� �pp

��� 27�( �$7)� 7�� )BSE (��@*� �( �
�/��B)-"	 5��&*) ��%> .��( (5�/��B)-"	�
��"0a ` �F3$8�( �( ��+ ) (
��E�> .

F3$8�( � ��E�> ���8�$�> �)-P�� K�J  % (�@�� �
=W8 �( 6P�J��&*) 5�/��B)-"	 5(��%> .� .��  ��� �/��B)-"	 �
( �
=W8 
[7# % �
 =3 � �(��.� ,�'�-*/�.

�
=�*�� 	K��H ����$� �&*) 5�/-J(��)� % 
T���3 �
( �� �$Q$� ��=!=! �$3)��/ZU

��%>)p�/�U_i/�(���,�3 )$":)i�/^�8
��� =!=! �$35(�(� MgO )�Z/pU��/�(�
UZp/p(�,�3 )$":)��/�Upi/�(�)( �

FeO + MnO∑(=!=! �� K�8 8 �%���&*) -
�^/�^UZZ/��(�)��/��U�i/�� (�)��/�U
g5�/��i.( % �
( %�*%�
�:5]�p[ / �� 
��/��8$�% V$� �( �-+ �
=W8 55�/ ���8

(��8$�% ��$&* � ."0 �� �/C�(�$.� 

{(TiO2 × 10) + MgO + FeO*} ]�p[��  
$s8 -�$+ .
5( %��8$�% V$� ���?8 M$�*��$�> �(-�� �% �Q$8 �% ��/AlIV 

�E�� �% S
=�*� � 6} �/> V$.W� �% 6} �/>
]FeOtotal/(MgO + FeOtotal)] [��[�7�7T8 � � �Q$8 �% 

��8$�% �� !$!$"	 �( �/��: �*?
 �/Fe/(Fe +Mg))<ZZ/^(�
,> � �� �� �/"��8$�%�/"�� �( 0-� �! .�(�$.� ��ASPE 

]�^[��8$�% ��$� 5�/�)� % ��-J S
=�*� ,�$% (�(� �% ��
M$�*��$�>)��$� 	 -J(� ��  s*# ��  / (�(  8]�%Z�% 6
�.2� 

K@0��"�	��-�) -*2�/)67+_(. % 5�*E����5-*%]��[
K�3 8��8$�%�/��@*� 5�(V$� S
=�*��(� �)()67+p(.

�Al 63 �% �E�� Fe/(Fe + Mg) ]�^[��8$�% �3 ���>  &���%-��(� ��"�	��-�) K�3 8  2'�% �)� % ��$� 5�/.

Samples Ms 87 Ms 86 Ms 85 Ms 71 Ms 72 Ms 73 Ms 74 Ms 75 Ms 76 Ms 77 Ms 78 2 Ms 79
Location Sangin Abad Sangin Abad S

An ,9/: ,/: : ,/: ,/: ,/: :9/: : : : ,/: 27/2: 

Ab 37/9 32/7 :7/9 59/9 87/7 36/3 :5/9 ;/3 63/3 65/,9 5;/; :2/56 

Or 86/63  3;/68 63/63 ,9/63 93/68 3,/69 ;;/63 9,/6, 9,/6, :7/69 ,3/6, 52/:



=�
�:�Z�� 4*) �
��.�+$LG ��2	� �)� %�.�+ � 63���35�/ � ��B)-"	. . .�p� 

5-*%��8$�% �/]��[�� ,�'���8$�% K�3 8 �3 -/� � ."0 �� �/S
=�*��(� �/> � � �% �.3 �/�(��-��(� 6
�.8�"h� :
 :���A$8 k% � �=!=! �$3 :��&*)��%>.

5�/��i�-/�'� ���$+ �(-�� ](Mg / 
MgK�8 8 �%5( % ��$.� � =!=! �$3 5�/
Z�/^���/^�5( % ���( !�/5,�3 )$": 

Z�/^U��/^�)()g�-Q5�/ ��i(.��8$�% �� �/
�*�'��Q�%�'� �
�/ Ti + 2Al = Mg, Fe + 2Si �

(Mg, Fe)O + SiO2 = Al2O3��(� �$Q�  P�*# ��% .

*��+9�
=W8 �( 6P�J {
�2��@�� 5��8$�% 5(=!=! �$3 5�/.
Sample pg-21-1 pg-21-2 pg-21-3 pg-21-1a Pg-21-2a pg-21-3a pg-2-4a

Location Kohe- Gazgaz 
SiO2 ^�/Zi ��/Z� ip/Z� ��/Z� iZ/Z� �_/Z� �Z/Z� 
TiO2 ��/Z Z ��/Z ^_/Z ��/Z �i/� ^�/Z
Al2O3 �/�_ ^Z/�p _�/�_ ��/�_ i�/�_ �Z/�_ i/�_ 
FeO pZ/�� ��/�� �Z/�� i_/�� pp/�� _i/�� i/�� 
MnO ��/^ ��/^ �_/^ ��/^ ��/^ �Z/^ ��/^
MgO �p/p �Z/p �_/p ��/p ^�/� ��/� ��/�
CaO ^�/^ ��/^ ^ �/^ ^ ^Z/^ ^_/^
Na2O ^�/^ ^�/^ ^i/^ ^_/^ ^p/^ ^p/^ ^�/^
K2O �_/� Z/p �^ ��/� p_/� _�/� p/�

Mg/(Mg+Fe) Z�/^ Z�/^ Z�/^ Z�/^ Z�/^ Z�/^ Z�/^
Fe/(Fe+Mg) ��/^ �i/^ ��/^ ��/^ ��/^ ��/^ ��/^

Si �_/� �^/� ��/� ��/� ��/� ��/� ��/�
Al IV �Z/� �^/� �i/� �i/� ��/� �i/� �i/�
AlVI ii/^ p�/^ i�/^ i�/^ i�/^ iZ/^ i�/^

Ti Zi/^ Z�/^ Zi/^ Zi/^ Z_/^ Z�/^ Z�/^
Fe ��/� �p/� ��/� ��/� ��/� ��/� ��/�
Mn ^Z/^ ^Z/^ ^Z/^ ^Z/^ ^Z/^ ^Z/^ ^Z/^
Mg ^Z/� �_/� ^�/� ^p/� ^i/� �^/� ��/�
Ca ^ ^�/^ ^ ^�/^ ^ ^ ^�/^
Na ^�/^ ^�/^ ^�/^ ^�/^ ^�/^ ^�/^ ^Z/^
K �Z/� i�/� ��/� p�/� ��/� ��/� ��/�

Al VI/IV �i�/^ Z��/^ ��/^ ��/^ ��Z/^ ��Z/^ ���/^
Sum ��/�� Z�/�� �p/�� �Z/�� �_/�� ��/�� ��/�� 



,��3 8 q +( ,( 
( �)�*+ ���3 � �)�*+�$"% �"W� ��^

*��+7�
=W8 �( 6P�J {
�2��@�� 5��8$�% 5(��&*) 5�/,�3 )$": � ��%>.
sample ms-2-3-1 ms-2-3-2 ms-2-3-3 ms-2-3-4 mg-6-2-1 mg-6-2-2 m

Location Sangin Abad Poloserkan 
SiO2 Z^/Z� ii/Z� �i/Z� _�/Z� �Z/�� i^/�� 
TiO2 p^/� p^/� _i/� p�/� i�/^ i_/^
Al2O3 ��/�i �Z/�i i_/�i pp/�i ZZ/�_ ��/�_ 
FeO p_/�^ ^i/�� ^Z/�� ^�/�� Z�/� �Z/�
MnO Z�/^ Z�/^ Zp/^ Zp/^ ^�/^ ^�/^
MgO ��/p �_/p Zp/p ��/p ��/� pi/�
CaO �_/^ ��/^ ��/^ Z^/^ ^�/^ ^_/^
Na2O ^i/^ ^i/^ ^�/^ ^p/^ �Z/^ ��/^
K2O �i/p i�/p �_/p _^/p p�/_ Z^/p

Mg/(Mg+Fe) ��/^ ��/^ ��/^ ��/^ ��/^ Z�/^
Fe/(Fe+Mg) �p/^ �p/^ �p/^ �p/^ ��/^ �_/^

Si i^/� �p/� ��/� i^/� _�/i _�/i
Al IV �^/� ��/� ��/� �^/� �i/� �i/�
AlVI _^/^ _�/^ i�/^ _�/^ ��/Z �^/Z

Ti ��/^ ��/^ ��/^ ��/^ ^i/^ ^_/^
Fe __/� _i/� __/� _�/� �i/^ ��/^
Mn ^�/^ ^�/^ ^�/^ ^�/^ ^ ^
Mg ��/� � �_/� �i/� i^/^ �p/^
Ca ^�/^ ^�/^ �^/^ ^�/^ ^�/^ ^�/^
Na ^�/^ ^�/^ ^�/^ ^�/^ ^Z/^ ^�/^
K _�/� _Z/� _^/� _�/� Z_/� ��/�

Al VI/IV ���/^ ��Z/^ �pi/^ ��i/^ ���/� �i/�
Sum �^/�� ��/�� ��/�� ��/�� _^/�Z _i/�Z 
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 �% ���� 4*) �% ��
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�
=W8 -/($+ ,�-% �
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(=	( �% M($8 P2O5�TiO26�7'8 �( �3�J 
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����3 K�3 8  ��D8 �
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,�$% g�?	 � 67+ !� 5�/-�L$2��( ! ��% S
67+ ���$8�% �
( ��.W�( � 5 �! �)(]p[.

���$"�� �
����3 ��(�( 	 �� ,�)$� �  � �/
��2��( ! ���$8� : �% ��
��� ��% M�]

��% -/($+ �( �A % ��(�( 	 � �"7+ !�
�B7)� 7��(N�� �3 ��(� �$Q� 5-�$�: =��

67+ �*��� ,�$.� S/( 	 � 6���8 �� 5 �!
�� -�
�8 -*3]��[.�$Q� �( �*�: �
( ��

�� � �% -�$�: �
( c�Ez(  / �( 6E0 � S
 �!

�� ��>��
 ���Q$8 ��$! ��t 	 �T/ �3 �$+}�(]�Z����8
�_[{ %�)( �-+ �L(�( �	�% �
( 6�7'8 5( .R� + �� �x��*

���$"�����$"��$8� : � �/ ,($*# =�� �/+� 7".# ��z> -
5( % �3 �)( �$�'� \F��3 4*) �
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