
)����� �	�
��:��/��/����
��� ���� :�/�/��(

÷

������ � 	�
��
�� ����� ��
���
���� �� ��
� ���������� �� �
������ � �!�"�
��#$ � �"%� 

��& ���
��'∗(����&���
)*+ ,
)- �./

+ ("0��� ��"����1(
2#3���453�6

����  !"# $%&'()*+,�� -����. �/,/.�01��%2� 3�	�'456 )��!'5 -67�8 �
9�!"# $%&'�6� �/,��  ���6!: $�;'�6��-67�8 �

<��/,��  !"# =
�7+ ��.�01 /,�� $)7> -67�8 �-67�8 $�;'�6� 
?��,��4
6 � � ��.%0�� �.�01 /,�� ) �@,A� ��
� �.�01 /,�� ��.!� 

27��":BC8
�D1,E,��
"F6 7F�0# �7"5 
��(D��.7>� �6 GF�H �I,8!,$�!8 �� ��(D�67> ,J!4,%D$%�� /.!J6 $!�+ )�I
K
�
$%��6�7+B �)74&�6�28,,%1 /.�+ 7I
�DM<�@�� DBC8 
7"5 �
�6 ��<��4:�. N!�7	 �O.�A� �P0. ��!E� D�,;��,� -�'� /6��5

8�5 �6%28,. -!,",�,�6 74E5 QRS/M�!�7	 %H6) �� Q86 �)apfu(8�5 T!EC� ) �,-!�(D�'(�U)��B� 
�I K�9apfu �5 �.6 
7I ��V�7"5 
T!� ��'(�U)��.���>%��6� .�!� 7�5�I ��	 �� $%1 �O.�A� ,V /
�6D�Xc �$74�>6DI,/WX/Y�8R?/Y-�'� 

���8 �5 %(�,
%D7I7"5 Z!":
�
� 3��O# �I �
V G��5 �!O� 7;
��(D4&E.6 ,��!E� �� ��(D7"5 
.�7I ��!� ���.6 .T!08
578,O�7"5 �� $%1 $%(�'� 
��I).,�"D578 ,I [,8!,� P0. ) �,� N7405 -�IB��!1 .578,��!E� [�(D7"5 
$�!8 �� �D$!�+ 
6�6�D�O�� Fe/(Fe + Mg) = 0.75-0.858�5 �6%28 ),-!�(D.,",�,��4:�. N!�7	 �� QDXR/M��?/Mapfu$�!8 �� )D$%�� 
6�6�D�O�� Fe/(Fe + Mg) = 0.39-0.498�5 �6%28 ),-!�(D.,",�,QRS/M�?M/Mapfu878 �I �5 �.6 ,� �I [
\,�)%,) �
+,7"5!0&
�$��%0ID��%�!1 ."F6 7F�0# �E(�7"5 �� 
%E( �I �
7;�6!�E(�%��6� .0]E(,�O�� /Fe/(Fe + Mg)I �� ,8!,�I �

.),�"D7"5 
� ^_H ���!1 .��,/C0.����7"5 
`8 a�.6 7I �,,�6%�� �� 7Al �'(�U)��O�� )Fe/Fe + Mg ��4:�. �� 
7"5
�
`8 K,,�6 ��� �� b�BI 7<RR�9RR� �I ,;��,/<?M�U�� D4��. ,$�!8 �� �67;D) $!�+ <MY�9SY� �I ,;��,/<9Y�U�� D
4��.,$�!8 �� �67;D� -�'� 6� $%�� �� �I �5 %(�,;��,��� /D&'8 ,7"5 G
��(D��.7>� �6 GF�H �I,8!,P0. �� ��(D�67> ,4�
H6!���
7;��,�6!�E( /���6� .

�9��
�����"�:7"5
�cI,8!,�c��.7>� �c�67> ,J!4,%c$%�� c$!�+ .

5�"%� 
7"5
��4.� �6 �(D.,",3�&�(D�d�) 6D6�6� D�!"I ��4:�. D

I)�08 �6 G&'4��V �6 
��(DT-O-T)�U)��e���'( �U)�
��U)��e�(�5 %04�(�
7V -6!0# 
�D�4:�01 K��8 
��!1�%.�f	DI,6 /
V /
��(D� 6� K��8 ,V -�
��(D�'( -

�U)�3�!F �I(Mg2+, Fe2+,…)(OH)6� 7+ ��I �5 %005

�"#��5 �I -�'4(�O1 �.)7I ,�Mg(OH)2�V
�D.)7I ,�
$%�6!:��!1�%.67I�0I
7"5 ��4:�. /
�I)�08 3�!gI �(��6

V
��(D.)7I ) K��8 ,3�!F �I �–T-O-T-brucite-T-O-
T-brucite…� �4:�01 ��!1 .7"5
�A� �� �(,h�(D��,/

4:�01��I,#!04� ���&'8 ,� G�67I�0I �%�!1
�0�6� /D

∗/_"8 �N!i�� $%0�
!� :j��kk�lk����&,�)74&�6 ��+ �:Zantia20042005@yahoo.com 

N�. )� ) ��,Im��E1 � !. �B,
�+��nA_F �6 ���� �8 kjk

Archive of SID

www.SID.ir



!"#DOo ���O21 p��� �,�]8�&�]�67	 �%0�)7-67
6 �.�01 ���5 ) �.�01�!"I �"C� ��k

$�74�>6D578 �6 ,1 [,E,��
�E� �I 6� 
� q�%��6r>]��W[.
P0. ���(D�uv 
��.7>� N!gA� -6!0# �I V!E2� /���5 �-

�(D	�� ,+ %0��� K,_�v �/�5)7,I ) N!O,8!,.) �I �,�"$��1 -
�(D78)� 
K
�I��7>�
7o �6 �
w����7>�D
02�-%1 �	�x6 

6 P0. -)�� �I 7F�0#
� ��C�!1%�]�Y�R[.
P0. ���(D�67> ,4�7"5 �
� �,N!gA� -6!0# �I B

��.7>��I��7>�I,8!,f2I �U!8 ��67I 6� -67;'()*+ �6 D
.�7I�)
>*��(D1,E,��
��5 ��.�01�)�,B&'8 ��5)��. ,G
-v�.6 $�75 ["U �!: �I �(]W����9<[.67I�0I
G&1 �I /

6 y%( ��I�'�
.�7I ����� /���5 �.�01 �) )
>*��(D
1,E,��
7"5 
��.7>� N!gA� -6!0# �I ��I��7> �I,8!,�� �

P0.�(D�67> ,J!4,%D�( $�!8 Dz7{ N�E1 �� $%�� ) $!�+ 
|%00. -)� �.,�.6 -�U7 .0]E(,67I /D��6 
I����� D

&'8,�6 G��,/}0.����(D7"5 N)6%4�
4	7> $7�I �,�5 Q
��)v7ID� �6 ��D��.7>� �z��7>�( $�!8 D.�7I ��!� ��I
� �.��%(� .

:�� � ����
�
�.�01 /,�� 7~� �6$�!8 D�($%�� ) $!�+ D%,J!4,�67> Du!_� 

|%00. -)� z7{ N�E1 q�I �� �%��6� -!E0:� -�U7,.
)G&1�(878 �I ),�� [$74�>D�)�:D�d�) D�)�: N�E1 )
��,.�01 /��jj�jjj/��4	7> �67d $%�� %�6]9?[6
/

�67>,J!4,$�!8 �(%6D%d�	 ��E. 
;4	���E>�� �

"&17>� ��
��4:�.D�>� ) %�6�(D"+v ,4��67>!5!� ),4�6
�67> /,J!4,�(%

$�75 �@d 6�%�6 .0]E(,/ !O�)7I�(D�
��6�B6D	�� ,6 �� K
/
�67>,J!4,%��6� �!U) �(% .$�!8 )� 7( �.�01 P0. [,�78

I ) Q5 $%�� ) $!�+,�)B�!� G��1 ) �I�'� q
�!
B8�6!� ��
�!�67> ��
�!
�)B�!�
�!
�67>)B�!� ) �,��.6 .��5��(D

"F6�P0. �� �(D�"	 ,�67>)B�!� %0��� K,��6 %08��O# �(
��+
��\.%"	 ���5!"d,��
_�v �B8�6!5 �,I ) N!O,8!,�� ) �

��!E��(D	�� ,K�)B�!� %0��� 78 
�!
�)B�!� B8�6!5 ��
�!
��
"5 �!	 �#!EC� 7I $)�#,+!0,� /�5)7,� $%(�'� B��!1 .

��5��(D��.7>� �6 GF�H ��17"5 G�
7. ��
�,+6 ��,�3)%
8,��4,!��� �D.%# )��(D0(7+ ,:7I �� ���(�!"I DI,8!,�

6 ��
P0. /� $%(�'� �(��!1 .6
$�!8 /�5 �('�I ��6
8�E>��,6 /.!J6 $�74�> Q�
� z!�A� -67��%�!1 ��A� �I 
1!J�,E�&(v��"d,��
�!�v�4� �,E5 �8 /��!�v7+ ,) ) /
>*�-
�(D�67> ,��(D�T!I�4�I6)� -�'� 6� a!d �I�%0(�]9M.[

�2+'�'��D�� $��. ,/.�01���6 �z ) $!�+ $�!8 �$�!8 D2d!� �$%�� ,��!E� ��(D.�7I ��!� �$%1 ��'� �'�� �� %�6 ]9?.[

Archive of SID

www.SID.ir



%"U ���$��E1 ��B,
�+���� 578,�� ) [,C0.��� /�7"5 
��(D��.7>� �6 GF�H �. . .���

I,8!,��5�(%H6)  �E8 ��D;0. �$�!8 �(Du!_� D$%��� 
$!�+ )�!U) ��6� �6� G&1 ���� �o��� �� � �8,G&�1 �E ) �6�

 $!�d P�� �I6D8,$!�d �$76D�E4� 
�I Gp7. � $%(�'���!�1 .
�)B�!� ��
�!
��(�!�67> )
�!
��(D	�� ,KI,8!,���I V!E2� 

_�v,N!��OQ��( %��1�D��� -�'��� �%��(� .8�!��F ����� ���5
�67>)B�!�,��(��08 �I�
(�> )�)!&�.!� ��I $67�E(
�7(���

���!1 .0]E(,/N�:�6�(D�
8�+v �/57,40;� ) �,6 �� ��
/
��5��.6 N)6%4� .

6 ��
.�7I /�7"5 ��08 
��(�
BC8 ��!� �
�D�
��6�7�+B
�)74&�6�'�I �!@I �5 %04	7> �67d �
�U G��5 �
B;
I /,8!,�

%�6 $%1 .6
7"5 /
�I �( �3�!F ;�� %0e �7+ BO. �8 BO. �
$%
P�� )�(D":6%8 �{,��# 7DIv�7(!U D��8 �Iv �74��5�: D

�
� $%�%�!1.

;
��5������!20� :����$;�
BC8
1 �,E,��
��5 �7"5 
o ��I ��,C0�. ��XRF-WD ��I 
>��&I,7D�
$%��6�7+BD��)74&�6 �N%�� Cameca SX100  ��

 +��.V $�;'�6�,6B0�6
��4 �, 67�I �D��7g�0# )Si, Ti, Al, Fe, 

Mn, Mg, Ca, Na, K, Cl, F ()� 7ID�F ����� �o��� ,�"�
%�v �.� �I P0..�4	� ��5 �I ��4�) kV �M7U 3%�1 )�
-�

���E>6DnA9Y �!I .BC8
7"5 �
Q( �BC8 �I -��� �
 I �,8!�,�
67ID���!E� �I ��!E� 7( ��(D��6%��4�.6 
��	7>  ��C�6 -���& .
578,1 [,E,��
7(
�6 K�<7"5 ��!E� 
�.�7I ��!� ����5 
�,;��,/9�8��BC8 
6 �@�� �D�U �� �.6 N)% ��(D)�)9(

��4:���. N!���7	 ���I $67��E(D�+ 7��I ��
�D9W���56 Q��86,-*
O20(OH)16)� 3��O# �I
�+ 7I 7;
�D�!�E# N!�7	 �7"5 �
�

Y12 Z8 O20 (OH,F,Cl)16 �5 Y)Z878 �I �,�U [
$��; ��(D
4:�01��I,#!04� ���&'8 ,�� G�67I��0I �%�!�1
��0�6� /D)

�U)��e�%04�( (�.6 $%1 �J6�6 .�6�<��!E� D����� �o��� 
F,"��7"5 �5 P0. 
I ) �,8!,�( �DBC8 -v �
$%�1 �%��6 �R

$�!8 �I �!I7� ��!E�D) $!�+ ?��!E� D$�!8 �I �!I7� D$%�� 
�.6.H2O�
�+ 7I D����6!�D�1,E,��
(OH+F+Cl=16) 

D!4A� ) �O.�A�FeO )Fe2O3�O�� G,EA8 w
7o �6 D��(
Fe3+/Fe2+$%���v ��.� ��I �1 �)� �6,E�)� 7�8D����!E� )� 

I,8!,� �,%1 /,,28 -�IB%�� �
28 67,,)� -v /D7"5 
-�&�6 �-
r+
�!O� 7.�e7>6]�S[�O�� �5 �6� -�'�
$%1 �� 7"5 �� �
�

5%�6�I,I �6 74',8!,� �,67�1 7�I ���V� ��5 ��.6 q��IB
h

��56
'�I,o 74'�v7	 
7"5 %0
�4�-%�1 ��6� .�0]E(,�� /
6
�� /,�0]�W[5%��6 3)��_8 ��5 %���6� -�'�� ��I,�O��� /

Fe3+/Fe2+I �� ,8!,7"5 ) �
���.7>� �6 G�F�H ���!�U) -v 
��6�.

[,�78�
�,E,1 �6 ��
 7�( �<���!E� D� ��,8!,I ,-��IB
 ��!�.�7I�/,;���,� �� <��8 MBC8 �
�D��@�� D6��.6 �� 
N)%U�(D)<)?(�
�+ 7I D��4:�. N!�7	 �I $67E(D99Q�86 

,�������6�!�����E# N!������7	 7I������0I -*��,������(�&X2Y4-

6(Z8O20)(OH,F,Cl)4$%1 �J6�6 %�6 .H2O��
�+ 7I Dq0�56)-
(��(OH+F+Cl=4) D!�4A� ) �O�.�A� FeO )Fe2O3�6 

D�( �O�� G,EA8 w
7oFe3+/Fetot�)� �6 $%��v ��.� ��I
1,E�� �71 �I 78 
%1 /,,28 7%�.

��
< =��"> 
67ID28,,�O��� /Fe3+/Fe2+I �� ,8!�,������� q
6�7�: 

��!E� G� P0. D�( 7o �6 
$�;4.� w�(D) ���	 $%�00� �7�: 
o)7���%H �8 %1  �C�6 D��5 �5 ��(D�6 P0. 
%&
6%�U 7;
%�!1 .D67I��
��	� �� �
��( ���6� $74��>D?M��8 XMq�� 

)9MY�<MY (µm =\�. ) ���6 $%�1 �7�: D�( ��!E� 67�ID
%�%�1 �4��1 zv �I ��O{ ) �7> yrH.=�+ K'�: �6 7�5 �-�

 q
6%U D67I��6� ��,40;� D�( �� �!�U!� ��( ���!E� ���
 �6 
/(v ) D!d �EJ6� D�I� D67I ���� �,�"	 D�( �6 �,	�� �6 6%U 

��,o�0`� $%00� $��_4.6 %1.�-�
�+ �� ���!E�  �E8 ��( 6%�U D
�I �$%1 �!�.)7�,�E'e)���g��:�� ) �0,I��I $67�E( D��(

 �16�7I -v %�%1 B��7E8 �8 �IE5 �,��0DRR%��,8!,I %�.7I.
q
6%U �g��:�� �
�(-!]E( D�����:�6 ���,8�+v B�
� ��,��I 
) /�7
� D�(�!"I �
7"� �
 �
!��� G�1 �I �� D6 ��
V /,I

��!E� �6 �f2I�!I 7
r+�� z�04U6 �( .
I ��!E� 7( �6,8!,�)%H $%1 6%U �9�!�8  7�> 
) /67�ID

7,>!"UD
���6�6 q 7� �/(v 1$%�H ��8 %9YY 7�
� �� q�� 
�)�( �� ) -!4.6���	7> 3�!�F 3��>v =0U �6 .%�I
�)� /

�( ��!E�DI ��!+ ,8!,o ��.6 Qf( ,%DGH ��!�. �I $%�1 
�4� )
V�I �AF �6 }�
�!I %0(6!: �6��!:7I ]9X[.�4�
/�(v }

7o �6 )7	
1 w,E��)� �I 78 #,C0.���7o �6 G5 /(v )�
w
I,z�0C0.�'_0I 67	��7� �!� ��
 28 ,�, %�1 /%�./�(v =\�.

7	
�6 K-�756%U���� 
%1 �O.�A� G5 /(v �6 )7	 /(v 7.

Archive of SID

www.SID.ir



!"#DOo ���O21 p��� �,�]8�&�]�67	 �%0�)7-67
6 �.�01 ���5 ) �.�01�!"I �"C� ��l

 ?�">'�4�
� },;��,BC8 /
��
1�6�7+B�7"5
��(D$�!8 D�67> ,J!4,%D�O.�A� ) $!�+ D��4:�. N!�7	 Da��.6 7I 9W��56 Q�86 ,�-*GR =
�67>)B�!�,��MG =�)B�!�
�!
�)B�!�B8�6!5 ��
�!
�!�67> ��
!�
�

Rock type GR MG GR GR GR GR GR GR GR 
Sample P1 P10 P11 P2 P3 P4 P5 P6 P8 

Mean of point analyses 10 11 5 2 4 5 3 2 2

SiO2 25/31 23/22 23/04 24/4 24 24/8 26/4 25/6 24/5
TiO2 0/21 0/08 0/05 0/04 0/25 0/23 0/12 0/04 0/97 
Al2O3 19/27 21/01 20/78 19/78 19/06 20/58 19/17 19/77 19/35 
FeO* 37/56 37 37/82 38/71 37/81 36/49 36/1 38/4 36/77 
FeO 33/8 33/21 34/04 34/84 34/02 33/04 33/69 34/57 33/35 

Fe2O3 4/17 4/1 4/2 4/3 4/2 4/06 4/03 4/27 4/12 
MnO 0/7 0/92 0/97 0/69 0/86 0/94 0/27 0/92 0/55 
MgO 4/89 6/37 5/56 4/32 6/26 4/71 6/06 3/47 5/26 
CaO 0/04 0/02 0/04 0/05 0/04 0/02 0/05 0 0/06 
Na2O 0/02 0/02 0/02 0/03 0/02 0/01 0/04 0/01 0/03 
K2O 0/07 0/01 0/01 0/02 0/04 0/01 0/02 0/01 0/04 

F 0/14 0/1 0/07 0/05 0/04 0/14 0/08 0 0/24 
Cl 0/03 0/02 0/03 0/03 0/01 0/03 0/01 0/03 0/04 

H2O 10/72 10/78 10/69 10/68 10/72 10/76 10/88 10/78 10/64 
Total 99/37 99/85 99/51 99/2 99/52 99/33 99/46 99/44 99/14 

Si 5/62 5/14 5/15 5/47 5/36 5/49 5/8 5/69 5/46 
AlIV 2/38 2/86 2/85 2/53 2/64 2/51 2/2 2/31 2/54 
∑T-Site 8 8 8 8 8 8 8 8 8

AlVI 2/67 2/62 2/62 2/69 2/37 2/86 2/76 2/87 2/54 
Ti 0/04 0/01 0/01 0/01 0/04 0/04 0/02 0/01 0/16 

Fe3+ 0/7 0/68 0/71 0/72 0/71 0/68 0/44 0/71 0/69 
Fe2+ 6/28 6/15 6/36 6/53 6/35 6/12 6/19 6/43 6/22 
Mn 0/13 0/17 0/18 0/13 0/16 0/18 0/05 0/17 0/1
Mg 1/62 2/1 1/85 1/44 2/08 1/56 1/98 1/15 1/75 

∑O-Site 11/44 11/74 11/73 11/52 11/71 11/43 11/45 11/34 11/46 
Ca 0/01 0 0/01 0/01 0/01 0/01 0/01 0 0/01 
Na 0/01 0/01 0/01 0/01 0/01 0 0/02 0 0/01 
K 0/02 0 0 0 0/01 0 0 0 0/01 
F 0/2 0/14 0/1 0/06 0/06 0/19 0/12 0 0/34 
Cl 0/02 0/01 0/03 0/02 0 0/02 0/01 0/02 0/03 

OH 15/89 15/92 15/94 15/96 15/97 15/89 15/94 15/99 15/82 
Fe/(Fe+Mg) 0/8 0/75 0/77 0/82 0/76 0/8 0/76 0/85 0/78 

Xc 0/91 0/96 0/95 0/92 0/95 0/91 0/91 0/89 0/91 
Geotherm 1 321 399 397 345 363 342 292 310 347 
Geotherm  2 330 377 377 347 354 343 308 326 345 

FeO*=FeOtotal 
Xc= mole fraction of chlorite 
1= [�], 2= [<S], 3= [<W]
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Rock Type GR MG MG MG 
Sample N27 N29 N30 N32 

Mean of point Analyses 3 4 1 3
SiO2 28/56 27/23 26/37 26/32 
TiO2 0/59 0/09 0/02 0/07 
Al2O3 17/48 18/67 20/18 19/74 
FeO* 27/37 25/46 23/76 23/95 
FeO 21/07 19/61 18/29 18/44 

Fe2O3 6/64 6/5 6/07 6/12 
MnO 0/7 0/37 0/62 0/96 
MgO 12/43 15/36 15/99 16/34 
CaO 0/15 0/11 0/13 0/05 
Na2O 0/02 0/05 0/02 0 
K2O 0/32 0/12 0/01 0/08 

F 0/05 0/01 0/08 0/02 
Cl 0 0/02 0/01 0 

H2O 11/38 11/55 11/54 11/58 
Total 99/39 99/72 99/33 99/72 

Si 5/97 5/67 5/46 5/45 
AlIV 2/03 2/33 2/54 2/55 
∑T-Site 8 8 8 8

AlVI 2/29 2/23 2/39 2/26 
Ti 0/09 0/01 0 0/01 

Fe3+ 1/05 1/01 0/95 0/95 
Fe2+ 3/71 3/4 3/17 3/19 
Mn 0/12 0/07 0/11 0/17 
Mg 3/89 4/75 4/94 5/04 

∑O-Site 11/16 11/48 11/55 11/63 
Ca 0/03 0/02 0/03 0/01 
Na 0/01 0/02 0/01 0 
K 0/09 0/03 0 0/02 
F 0/07 0/01 0/11 0/02 
Cl 0 0/01 0/01 0 

OH 15/96 15/99 15/94 15/99 
Fe/(Fe+Mg) 0/49 0/42 0/39 0/39 

Xc 0/86 0/91 0/92 0/94 
Geotherm 1 265 313 347 349 
Geotherm  2 270 296 316 317 
Geotherm 3 270 316 349 350 
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XX/W�MM/�Y��) %F ���� �67d �>,�7.0]E(,�O�� /

Fe3+/Fetot6 �� 
I �6 $)7> /,8!,��(9</Y28,,5�H �5 %1 /�
671 �6
��4O�� h��56 
'��I�.���v �!"O8  �;0( )N)%U?.(

+�@��
� ���� ��
$�6� a�.6 7I�(D�
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7"5
z�8��I �$%0(�D!4A� �� y7;1 3)�_86D7F�0# 
.,",�,�!�v �Q,0,0� ) /(v � !,B
�.6 Q)G&19.(.,",�,Q

�!�v ),0,&'8 ��08  !,$%0(� G�(D�d�) �(D�U)��e�%04�( 

&'8 ),$%0(� GD�( �d�) D�'(�U)�Al, Ti, Fe2+, Fe3+,
Mn, Mg %04�( )N)%U�(D�)9.(7"5
��(D$�!8 

�67>,J!4,%D6�6� $!�+ D�O�� Fe/(Fe+Mg)=0.74-0.81 )
!4A�D8�5 ,. -!,",�,Q9?/M�M</M�!�7	 %H6) �� Q86 ��� )

6�6� $%�� $�!8D�O�� Fe/(Fe+Mg)=0.45-0.556!4A� )D
.,",�,QMM/M�YS/X�!�7	 %H6) �� Q86 �878 �I �5 �.6 ,[

�I 7C0�$��%0ID7"5 
�+� �I �(,�)%,��)B�)7I
*
) �
+�,�)%,��+,7"5!0&
� ���!1)G&1<��6.(

?�">1�4�
� },;��,BC8 /
�I,8!,��(D$�!8 D67> �,J!4,%D�O.�A� ) $!�+ D��4:�. N!�7	 Da�.6 7I 99�56 Q86 ,�-*GR =�67>)B�!�,��
MG=�)B�!�
�!
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�!
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Rock type GR MG GR GR GR GR GR GR GR 
Sample ID P2 P10 P11 P3 P1 P4 P6 P5 P8 

Mean of point 
analyses 

9 21 5 8 6 16 20 11 9

SiO2 34/39 33/89 33/8 33/8 33/71 34/43 33/52 34/68 33/85 
TiO2 2/66 3/42 4/23 3/5 3/39 3/32 3/16 3/5 2/67 
Al2O3 14/59 15/03 14/25 14/46 14/72 14/85 14/5 14/69 14/61 
FeO* 29/34 28/44 28/5 28/98 29/33 28/33 29/73 28/42 30/24 
FeO 26/41 25/6 25/65 26/09 26/62 25/82 26/89 25/57 27/21 

Fe2O3 3/26 3/16 3/17 3/22 3/29 3/19 3/32 3/16 3/36 
MnO 0/48 0/41 0/48 0/47 0/54 0/51 0/49 0/44 0/52 
MgO 4/71 5/12 4/68 4/69 4/46 4/37 4/67 4/55 4/62 
CaO 0/03 0/03 0/04 0/03 0/08 0/04 0/02 0/03 0/04 
Na2O 0/13 0/1 0/12 0/12 0/08 0/1 0/1 0/08 0/09 
K2O 8/22 8/83 8/99 8/67 8/82 8/35 8/7 8/48 8/39 

F 0/62 0/64 0/6 0/48 0/62 0/53 0/68 0/6 0/7
Cl 0/26 0/17 0/15 0/22 0/2 0/17 0/18 0/17 0/19 

H2O 3/38 3/42 3/42 3/45 3/4 3/46 3/36 3/44 3/35 
Total 99/14 99/82 99/58 99/2 99/93 99/14 99/59 99/39 99/6

Si 5/52 5/39 5/41 5/43 5/4 5/5 5/39 5/52 5/44 
AlIV 2/49 2/61 2/59 2/57 2/6 2/5 2/61 2/48 2/56 
∑Z-Site 8 8 8 8 8 8 8 8 8

AlVI 0/27 0/21 0/1 0/16 0/17 0/29 0/14 0/27 0/2
Ti 0/32 0/41 0/51 0/42 0/41 0/4 0/38 0/42 0/32 

Fe3+ 0/39 0/38 0/38 0/39 0/4 0/38 0/4 0/38 0/41 
Fe2+ 3/54 3/41 3/43 3/51 3/56 3/45 3/62 3/4 3/66 
Mn 0/07 0/06 0/07 0/06 0/07 0/07 0/07 0/06 0/07 
Mg 1/13 1/22 1/12 1/12 1/06 1/04 1/12 1/08 1/11 

∑Y-Site 5/72 5/68 5/6 5/67 5/68 5/64 5/73 5/61 5/77 
Ca 0/01 0/01 0/01 0/01 0/01 0/01 0 0/01 0/01 
Na 0/04 0/03 0/04 0/04 0/03 0/03 0/03 0/03 0/03 
K 1/68 1/79 1/84 1/78 1/8 1/7 1/79 1/72 1/72 

∑X-Site 1/73 1/83 1/88 1/82 1/84 1/74 1/82 1/75 1/76 
F 0/63 0/64 0/61 0/49 0/63 0/54 0/69 0/6 0/71 
Cl 0/14 0/09 0/08 0/12 0/11 0/09 0/1 0/09 0/1
OH 3/62 3/63 3/66 3/7 3/63 3/69 3/61 3/65 3/59 
A 4/39 4/37 4/34 4/3 4/37 4/31 4/4 4/35 4/41 

Fe/(Fe+Mg) 0/76 0/74 0/75 0/76 0/77 0/77 0/76 0/76 0/77 
Mg/(Mg+Fe) 0/24 0/26 0/25 0/24 0/23 0/23 0/24 0/24 0/23 

Fe3+
/Fetot 0/1 0/23 0/1 0/1 0/1 0/1 0/1 0/1 0/1
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?�">6�4�
� },;��,BC8 /
�I,8!,��(D�67> $�!8 ,J!4,%D$%�� �O.�A� )D��4:�. N!�7	 Da�.6 7I 99�56 Q86 ,�-*GR =�67>)B�!�,��
MG=�)B�!�
�!
�)B�!�B8�6!5 ��
�!
�!�67> ��
�!
��FeO*=G5 /(v .

Rock Type GR MG MG MG 
Sample ID N27 N29 N30 N32 

Mean of point 
analyses 

4 13 8 11 

SiO2 35/12 36/09 36/32 36/27 
TiO2 2/86 3/32 3/72 3/43 
Al2O3 16/51 15/77 14/89 14/23 
FeO* 21/95 19/17 19/64 20/68 
FeO 16/9 14/76 15/13 15/92 

Fe2O3 5/61 4/9 5/02 5/28 
MnO 0/57 0/26 0/28 0/59 
MgO 8/66 10/55 10/55 10/45 
CaO 0/03 0/14 0/05 0/05 
Na2O 0/05 0/09 0/07 0/06 
K2O 9/48 9/22 9/24 9/12 

F 0/19 0/12 0/15 0/2
Cl 0/14 0/07 0/06 0/06 

H2O 3/79 3/88 3/86 3/82 
Total 99/91 99/17 99/34 99/48 

Si 5/38 5/48 5/52 5/54 
AlIV 2/62 2/52 2/48 2/46 
∑Z-Site 8 8 8 8

AlVI 0/35 0/29 0/18 0/09 
Ti 0/33 0/38 0/43 0/39 

Fe3+ 0/65 0/56 0/57 0/61 
Fe2+ 2/16 1/87 1/92 2/03 
Mn 0/07 0/03 0/04 0/08 
Mg 1/98 2/39 2/39 2/38 

∑Y-Site 5/54 5/52 5/52 5/58 
Ca 0/01 0/02 0/01 0/01 
Na 0/02 0/03 0/02 0/02 
K 1/85 1/79 1/79 1/78 

∑X-Site 1/87 1/83 1/82 1/8
CF 0/18 0/12 0/14 0/19 
CCl 0/07 0/04 0/03 0/03 
OH 3/87 3/92 3/91 3/89 
A 4/13 4/08 4/09 4/11 

Fe/(Fe+Mg) 0/52 0/44 0/45 0/46 
Mg/(Mg+Fe) 0/48 0/56 0/55 0/54 

Fe3+
/Fetot 0/23 0/23 0/23 0/23 

�2+.`8 ,,8 36757,O���!E� �� �(D7"5 
P0. �6 ��(D�67> ,J!4,%D�( $�!8 Du!_� D���� a�.6 7I $!�+ ) $%�� 
�56 7,�(%D0� �/(v ,B
�Q
�!�v,0,. )  !,",�,�Q=$!�+ $�!8=$%�� $�!8 
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