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Mineral Chr-vein Chr-vein Chr-vein Chr-matrix Chr-matrix Chr-matrix Tr Tr Tr

SiO2 tr/rt sw/rD sD/rD �v/tC �C/tC z�/�k |�/zj ��/z� ��/z|
TiO2 Dn/D DD/D DD/D Dn/D Dn/D kj/k kj/k kz/k kj/k
Al2O3 vn/n rr/D s�/D �r/D nD/D �|/k �k/z ��/� ��/j
FeO wt/� n�/s sr/v DC/� �u/� �|/| Ct/w �|/j j�/j
MnO ws/D ws/D nt/D nr/D nw/D �j/k k�/k k�/k k|/k
MgO �w/tt vr/tu r�/ts uD/t� Cn/tv �j/�� �j/jj ��/jj ��/j�
CaO wC/D Dv/D Dr/D Du/D Dv/D k�/k �|/�j z�/�j ��/�j
Na2O Dt/D Dr/D Dw/D Dn/D Dw/D kk/k ��/� �z/� ��/k
K2O DC/D Du/D Dw/D Dw/D Dw/D kk/k k�/k k�/k k�/k

Cr2O3 wD/D Dr/D nv/D DD/D DD/D kj/k ��/k �z/k j�/k
Sum sw/sv ur/su tr/s� tw/su �s/sr ��/|� jj/�| z�/�| jj/�|

O � � � � � � j� j� j�
Si DD/w CC/n Cw/n Cw/n Cu/n �z/� jk/� j|/� z�/�
Ti DD/D DD/D DD/D DD/D DD/D kk/k kk/k k�/k kk/k
Al ns/D Du/D nD/D Ds/D Dn/D kz/k |z/k ��/k �k/k
Fe wC/D tt/D w�/D wC/D tw/D �z/k ��/k ��/k wu/D
Mn Dn/D DD/D DD/D Dn/D Dn/D kk/k k�/k k�/k Dn/D
Mg tr/w uC/w vC/w �D/w �D/w vt/w z�/� �j/� ��/�
Ca Dn/D DD/D DD/D DD/D DD/D kk/k |j/� |�/� |k/�
Na Dn/D Dn/D DD/D DD/D DD/D kk/k ��/k �k/k ��/k
K DD/D Dn/D DD/D DD/D DD/D kk/k kj/k k�/k k�/k
Cr Dw/D DD/D Dn/D DD/D DD/D DD/D k|/k k�/k k�/k

Sum ss/r CC/r CC/r DD/u CC/r Cs/r wD/nu nw/nu CC/nr



<}~� ��"N+( �"# �=�F <(,
( �3�2@ ���: + �3�2@�!"? �"9� ���

?�": �!��,:
.+0�6��;,3 �� G�2���45"h3 ��. �+� �h? <�8
 &'. ���F��3( $%@ G) :c�((� $(,84 �?���(0
��h�� �� + �
,

6��;,3 �� _:�2���45$�!. (5��(,	 
�4%256��;,3 �2�<%@ 
123 (,@ �� �4
( M
�6�
�)e(6��;,3 ���2��4�5,:
.+0 h� G
� �(��(,	 
6��;,3 %2�2�123 <%@ (,h@ �� �4
� M
��h2�&�.
&'.�6��;,3 G�2��( �� �4
"&@,-� �? $(,84 ���F )�$%22&@ 

<[ �� �h: $�!? �4 O,6�h- ^h=!� Qh
 �6h@� J�Ph@ + *�� �
$%
%; <%@ �2�6��;,3$��?+� $%@ T��	 +���( J�h? Gh�.+0
,U

 <*!3 GP@�� 0h
� �h"�L 5�h4�*�h2� + �h��hX-� 0�h4�
�h? 
� ����hhY�hh"�,hh6�56��;,hh3 GhhL(� �2���hh45,:
.+0hh�G�(�

&'.��3( $%@ G.��=-�,5J���(,:
.+0�G,? �!8# �63(�5
(
)�3�4 �X-� .�X-��45,:
.+0�/6�&@ �� G��45GhL(� 

6��;,3�2��!��� �!"�. GH�F �4 h
 6��;,h3 ��*( )e[�h2N 5�h4
$%@ J�P@ )�?*�� + �4 5�46��;,3�2���4�3( .

��?*[a�[��( T!� h�	���h? �h-� W�!hH �h4�
����hY �h. 
%2b
�� ,6� )123�4�
�h? �/6�hP@ �h45O,6�h- 
�h6	� 
&'.�G3( $%@ �.(,?�2?
? )�� ,���%3� �h: &'h.���h?*[ G
a�[��hh#!89� �� T!hh�5�!hh-,-� ��hh45"hh3 �hh�. �hh? <�8�
(,	
�4%25��!h-,-� "&h@,-� +��h45�h�R2� �6�h?(+ %h@�? .

*( GhH�F ���3,-� ?�h�,-��h45�h? �6�h?(+ $�!h. }!ha� �h45
�(,-��!6�%5�,&"8# +�*�6L�3 )�)�-��!hL )�hb �G�- +

�/6�&@ (� *( ]V�86F(
��. G�(!# ,/��� �(`- ,G�P'h. �h-�-
�45T!��a�[ ��?*[/6�&@ �� �123 �45��R2� �3(.

���
��#�����2>"�?: >'� �?� �?��: X(XRD) '����?
 
�
�����"� (Raman spectroscopy) 

�3�2@ �!�2� �?�
� + ��h?*[ 
,h/ �%h2b
6���h45&'h. �G
$%24�56��;,3 �2����!8� ��4�4�
12h3 *( �h4�
���h�� �h: 

<[ Z*�� ? ]m�p �4�p� �!���3�,?�O+� *( $��a63( �? �!? $%@ 
09.
�5XRD 3�,? ��!� ��	,- �(,p )G&h@ r+u.($�(�-
�45$*(%�( -�,5�� $%@ 12h3 �h45��!h� h3�,?��h? W�!hH

�hh4!/�(5��hh�� �hh? B2:(,hh; 
f�'hh� ,d�Ө+I(intensity) 
$%h@ $�(� <�'�(%h� .�'h.�,: ��h?*[ f
.+0 h�a�[ �G�+ T!h�

�%2b
���45����(0
h6�[ + ���!- h
 6��;,h3 �� ��2���h4 �h?
�hhhhhhhh���,? *( $��a6hhhhhhhh3(�hhhhhhhh45���hhhhhhhh: �,.!5:

DIFFRACPlus Eva (Bruker Analytical X-ray system) 
+MACDIFF (4.2.5) 

(Petschik,R.2000)http://servermac.geologie.uni-
frankfurt.de/Staff/Hompages/Petschick/RainerE.html)(

�	,-  �9�( .����,?5DIFFRACPlus Eva>�3( ,? ��h�� 
,d
+Ө��"p5�6�?(+ �?� %2b
���456��;,3 �)�h�!8� �� �h45

09.
�? (� $%@ ��h4�(�!8� W�!H5hRL �h� f�'h� �%h2: .
G&@r�"p�45��3�2@ �>�3( ,? $%@ ��h�� 
,d+Ө�6�h?(+ 

a�[ ��?*[ �?�,: �T!�
.+0�h6�[ + G��!- h
6��;,h3 �� ��2��
@�� <�'� (� ���%4�.��!8� ��5a�[ ��?*[�T!� ��!�,. h� �

����
( ��Fm� G?�p ,5(� 123 *( &'. ��3( $�(� G)G&h@ r
c�((.
�"p�45��3�2@ �$%@ �6�?(+ �? �%2b
���456��;,h3 �2��h? 

����,? *( $��a63(5DIFFRAC Plus Eva�6� �? 
? ��$%�[ �3�
 �hh���,? *(MACDIFF ]m��hh: �(!hh�84�hh� <�'hh� �%hh4� .��

��(!�5�:�"p h@!�84 �4�h� <�'h� ��'h. %h24��p� fh��
�%2b
���45�;,3 6��2��3( G&'� .(,?5�'. �\!hRL f

p� h� B2:(,hh; ��%h2b
���hh456��;,h3 ���hh�� �� �hh: )
,Ө
hh@!�84�%hh��(� *(�(0hh	(  ,hh�WIN-METRIC from 

Siemens Analytical X-ray system %@ $��a63(.

6 �I�"p�45��3�2@ �>�3( ,? $%@ ���� 
,d+Ө�6�?(+ �? )c�( (�!�,.��� �(�(� 123 5a�[ ��?*[ ��T!�)e(,:
.+0�h6�[ + G��!- h
�
6��;,3 ���2���45"3 ��. �<�8.



%"=j�$��8@ �����? ����z ���: �3�,?�� <�8�"3 ��. ��!-,-� �#!89� �� ��?*[ �3�2@. . .��z

�8� B2:(,; \!RL
��2%(representative) �h4,6�(��; 5unit 
cell + $%@ ��3�S� $%h@ $%4�'h�5(observed) �� �(�!h8� 
�45Өw,= W%@ �? ����
<�I�� �G&@z�3( $%@ $��+[ .
(
G&@ ); \!RL (,h? B2:(,5�h4,6�(��; 5�!"h3 ���h3�S� 

h6�[ $%@ $%4�'� + $%@��!- h
� �����(0 h
 ,: + �
.+0 h� �� G
��!8��45��!� 3�,?�(�� <�'� �%4�.(,h? B2:(,h; \!RL5

��:��h45h3�,?�? $%h@ h�h6�[ �h? ,6'��!- h
� + ����(0 h
 �
�(!hh�84�,: + �6hh@(� 
.+0hh���hh�� �� G
,�hh3�2@ _hh: �
%hh@ .
�(%��56�[ ��!- h
 ( �� �h
12h3 )�h= �h4
0/
� )���(0 h
 + �

,:
.+0��3( $%@ G)G&@uc�((.6�[��!-
,�. �
? ]���*( ,6'
CD 6��;,3 %H�� �2��<%h@@h���&'h. (� �h4�h� G�%h4�

)G&@ue.(G&h@ u�h= �
0/
2�h6�[ ��!- h
 ��h�� �� �
,
�?��0= ���3+ �?��"����(0
,: + �
.+0�h� <�'h� (� G�%h4� .

����
,: ,
.+0�� + G���(0
��!8� �� ��45h@,? �? $%h@ h�,6'
 �3()G&@uW(.
(
���� �? ��-*�3 )
�!� ,5Z*�h� ���h�� �� $%h@ $%4�'� 

(hh
�hh�!8� )�4�hh3.(,hh?58�( ��'hh. �� <�hh2�p� fhh� I(!hh�( �
�%2b
6���456��;,3 ��)?�e�h2 �h45,: �h? \!h?,� 
.+0 h� �G

����(0
6�[ + ���!- 
O+� �? �?�923 e�2�<��(��.��%@ )
)G&@�+�.(

���������� ����� #�'@�A�� ����� ' 6������� �� ��C
��
�
���23�� ��� ���� 

!�� ����� #�'@�6:,:
.+0���h: W�!H �? G��h45�h
0�h�(�
&'.�$%24� G5�*�� + �2��X-� 0�45$%22: ,; 5/6�h&@ �-
�456��;,3 �2���!� �3�,?��	,- �(,p )T+%= n.(

T!�,	 ��: �h3�2@ �,:
.+0 h�G�h4509. h
(*( �h? $%h@ �5u
.�:�+ <!��:( ��3( $%@ ��3�S� <K .h@ ��6L�h3�8���h: �
�4509. 
( �? $%@ �
W�!H )�3(:

(Mg2.41-2.78 Fe0.0-0.35 Cr0-0.02 Al0.0-0.21)3
M (Si1.95-2.00 

Al0-0.05)2
TO5(OH)4

,:
.+0�(�(� G5���� 
V�? ,5wt%)r�/tsx�w/tt(MgO+
)wt%. tr/rtx�v/tC (SiO2��hhh�� + $�!hhh? 
,Al2O3<[ �� 

�h?���h; ���Gh?�p + )_'hb h@!;��h3( )wt%vD/nxnD/D.(
Cr2O3,: �� 
.+0����� �� G
�0= ,��3( .(
+ )
-K�]V�86F( 

�? ":�;!2��( + _h: )�:+, h�!
:,. �� <(+(,h	 )h��!.+,; ^h��
	��(,6�+(�<[ 7�6�?(+�3( .]wt[���� 
_h: ,Cr2O3�� ��h@

�
���456��;,3 �:,. �? (� )�W�� ��@,3�( *( h�!
�!.+,; )h��
$�(� ����%�( .

!A�� ����� ���C :a�[ ��?*[��? T!� �h. �-� $%22: ,; W�!H
 �� ,6� %2b ����Y��R2��45@,? �F�� ��(5&'h. �$%h@ G

�3( .$�(��45@�8���h: ��h45a�[ ��h?*[ J,h�� ��� T!h�
T+%= n$%@ ��(�( (%�.

6 �J�4,6�(��; B2:(,; \!RL5�!"3 �6�[ $%@ $%4�'� + $%@ ��3�S� ��!- 
� �����(0
,: + �
.+0��� G)c�( (6��;,3�2�$�!. �(5�)e(
6��;,3�2�@ �����)�(6��;,3�2�@ ��}!a� �	�? �? ��56�[ <[ �� �: ��!- 
? ��W�!H�0= ��?3+��"5����(0
,: + �
+0.�'��= G�$%@ )
��3()W(6��;,3�2�(�(� �5,:
.+0�G.�	( ML �(� $%@ ��3�S� B2:(,; \!RL ��(�!8� �� )�;�
2�($%@ $%4�'� B2:(,; \!RL *()V�?�
(
� (%=�%2:.



<}~� ��"N+( �"# �=�F <(,
( �3�2@ ���: + �3�2@�!"? �"9� ���

6 �K)e + c�( (?�e�2923�,: <��(�
.+0�6��;,3 �� G�2���45,:
.+0�G"3 ��. �(��<�8.

6 �L?�e�2923�6��;,3 I(!�( <��(� �6��;,3 �� )�2�@ �����45"3 ��. �<�8)c�( (6�[��!- 
+ �)e(����(0
�.

a�[ T!�,	�>�3( ,? T!�nv.�: �+ <!wt�:( _.( ���3�S� <K
�3( $%@ .�.��:,. W(,�����: �� ��45a�[ �09. T!�
$%@ �
�3( _: .:,.�a�[ ^�>�3( ,? T!�!8��(� Mg/Mg+Fe2+

�? ���� Si ]wt[�� $,6�-5�!�,. ��� �(,p�-�%�, .

� ��
��9��:�?� �
���?����� �� �?23��?
�
� ��?�� 
������ 

6��;,3�2���45$�!. (5�h4 �h	�? �h? 5	�!�+�!h3 ���h?,N �+
�6�?
� ��6��;,3 �2��=�� <%@ 
.�63( ��7�,;
.+%���h45
�+(�&'. ��$%@ G%�( .4�(%L��5%�? 5h��$�!h. T�h�6�( �h45

6��;,3�2�6��* �R3 �? ���� �#�? )[���"&@,-� �<[ �� �h4
 �3( $%@ .��: %4(!@ >�3( ,?�3�2@�+ �
h-K��h456	�h? �+

�
��6L�3056��;,3 �2���45��!� 3�,?���"&h@,-� <(!h.�
<[G&@ ���F +� �� (� �4`;
�	,- ,�� �� $%22&@ + ,:

� ??��
��6 ??� M??:#�(Ductile):(hh
"&hh@,-� I!hh� )���
6��;,3�2�@ �����45��R2� �h45h@,? �F�� h��(5$%4�'h� 

���!@ .L,?���: %4(!@ *( �h3�2@�6	�h? +��(%hL� ,h? T(� 
"&@,-��G&@`;
( �� ,
123 )*( %2.���# �4 :(a) 68h3/�,5

*(!�5��: ��456�[ ��!- 
�SaH �(5�? G&@T!�j/���"�-
,6� ? �:�!�"H( ��?�*( ,6'CD%(
123 )&'h. (� �4�$�(� G
+�#�?,?
-%�<[ �� �3( $%@ �4.(b)��: ��45.�T!h� �? $,
u/n��"��!? G&@ �? �: ,6� 
&'. )�$%@ G%�()G&h@ t�.(

(c) ��:��45�?': W�!H��SaH + $%(5W(*(!h� �h? ,?h
-%�
6��;,3 ���2�&'. ���3( $%@ G)G&@t�(.(d) �@� �
��



%"=j�$��8@ �����? ����z ���: �3�,?�� <�8�"3 ��. ��!-,-� �#!89� �� ��?*[ �3�2@. . .���

6��;,3�': �? )�-%�+� *( �83 6��;,h3 �� �2��$%4�'h� �h4
���!@)G&@t�(.

� ??��
��./

 ??� (Britle):(hh
 "&hh@,-� I!hh� )���
6��;,3�2���45,:
.+0�G�(���R2��45@,? �"S� �$%4�'h� 

���!@ .(a) (
(�(� ��/23 )5	�!; ��3m:+,�45�h@�� �h�(�
02/�
$*(%�( �� �5���"��* �� ,6���2�h
0*( G&'h6� �h�(�
,:
.+0�� �G���(0
02/� + �
�/�!�+���6�h4 %2)G&h@ t�(.

(b) ,: 
.+0�	 G�,�5�?!��� W�!H
�X-� + �(5/6�&@ ��45
	�!; GL(���3m:+, �* + �4��25�
0��(�5123 (�$�,h: ,;

 �3()G&@t�(.(c) �@���(�45�
0�(+(,	 ��(��,: *( 
.+0�G
� +���(0
�* �� ���25'��= �6�[ )��!-
�3( $%@ �.

6 �
��3�239��:�� �
�������� �� �23�?�� ��?
�
� 
������ 
�.����: �#!89� W(,�6��;,3 �	�? + �4�2���4T�h�6�( T!� ��

 e�.*�? <[ *( �; +$%24�5(,@ 
"&@,-� M�+�.��W(, + �h�� 
<[ �� ��'	 �4�3( .>�3( ,?3�,?��h4512h3 ��h/�5��h: ��

3�2@�6	�? ��"&@,-� +�6��;,3 �� �2���45"h3 ��. ��<�8
G&@-�,5�456��;,3 �2��*( �4*�N[ &'h. ��h= �h. G
/�,5��

�* �R3�)�; �"F,� �3 �� ��3( $%@ ���2':
nx�"F,� 5(
�6��
&'h. +�6��;,h3 G�2���h45$�!h. (5g��

�"F,�5�( T+( �!
; + )�� �? )�:+,�0��(
+ �/
,: �
.+0 h� �h? G
�	�? � ��@
��%�. 
$%@ G%�()G&@sc�(.(� %2b
���45

����(0
,: + �
.+0�G�?�; ����
h? + $�!h? )��6�h� �!h��*( _
��3,-���(�!
�4��� �� )5�;�
*( ,. )tDD �h=�� 56��h3 �-
�(,-]wr[+
�rDD�=�� 56��3 ��(,-]wu[&'.�� G�%�!@ .
&'hh.���;,hh3 G6�2���hh45$�!hh. (5hh� (� �<(!hh. *�hhN[ �hh"F,�
6��;,3�2��=�� <%@ )<+%?�*�)6L�3�(�	,- ,�� �� .

wx�"F,� 5"&@,-� �`; G&@
�� ,�63(�5��R2��45@,? �
F����(5&'. +�6��;,3 G�2�@ �����4:�"F,� ��56�[  +� �
�!-
�= �
0/
� )���(0
+ �/
,: �
.+0 h� 6��;,h3 + $%h@ G�2��
@����? �4�83-�,5*(!� 56�[ ��!-
&'. ���h3( $%@ G
)G&@se.(6�[��!- 
��%2b
���h? V�h? �h��56��;,h3 �)

�4��� �� + $�!?5,�. ,.V�? 
]��wuD �. vDD �=�� 56��3 ��(,-
�;hh
�hh3( �(% ]wu[.�; >�hh3( ,hh?hh
�(%5hh6�[ ��!-hh
 I!hh� + �

"&@,-��6��;,3 ��2�@ �����45��!h� h3�,?��"&h@,-��
G&@`;
,��(,@ 
V�? ]�6��� M5�h�� + ��'	 ]wv[Gh8S6� (�
$%@%�( .��(
6��;,3 �"F,� )�2���45$�!. (5�;&'. *( �G

�� %hh��= �hh��F ���6hh3(�5�hh�R2��hh45hh@,? �F�� hh�( �5*(
�63!;5��6S. ��6@!- +5��p!	 ���(,@ 
"&@,-� M�G&@-

`;
�* �R3 �? ,�T��6�( )
�6	�+6��;,3 �2�@ ����( �� �4
)
.�( �"H�	&'. \���$%@ G%�( .

tx�"F,� 5"&@,-� ��� $%22&h@ �6h3(� �h�R2� �h45h@,? �
"S��&'h. +�6��;,h3 G�2���h45,:
.+0 h� �(� G:�h�(�( ��5
�=
/�,56��;,3 ��2���45,:
.+0�G(,h@ �� �(�
"&h@,-� M�

(,@ �� $%22&@
��� + _: �8# M5�;�
&'. )�@ G�h	�? + $%
63m:�.�:�&'. + 7�,: G
.+0 h� �h-� G(5*(6h@,3��h45<[

�3( .( ��
6��;,3 �"F,� )�62�@ ����? �4�'h�? �!���h?-
3+��"5,:
.+0��= G
0/
$%h@ )%h�( .6	�h? %4(!h@ �h6��(���
L,?���!8� *( � <�'� �4�hL,? �h: %4��6��;,h3 *( �2���h45
$�!.(5?��6�� �!��_3+ �?��"5,:
.+0��= G
0/
$%@ )%h�(

 ( <+%?
�S. ]m�p �&2��.�,�h=
0/
2�h6�[ *�h	 ��!- h
�(,hp �
%2@�? �6	,-)G&@sW.(��? �6��(
�5�	�? � ��@
��( �� 
)

123 � <�'� �4�(,	 �h: %h4�
�4%h25'h��= �2��h? h3+��"5
,:
.+0��3( $�!? fp�� G)G&@sW.(

(,?�2?
>�3( ,? )3�,?��45123 ��/� 5��h: ��h3�2@�+
6	�?�6��;,3 �� �2���h45"h3 �h�. �<�8�h?�h� ,h���%h3� 
�=
/�,56��;,3 �2��(,@ *( �4
G&@ M`;
�. $%22&h@ �? ,h�� ,

( �� �: �6	�
6��;,3 �63(� )�2���45$�!h. (5.,. �h? h��h? ^

6��;,3�2�@ ��6��6��;,3 + �4�2���45,:
.+0 h� �(� G�.h�� ,
%22: .( ,?
3( )( >�
6��;,3 )�2���4�;&'. *( ��h��F �� G

�63!; *( %��=5��6S. ��6@!- +5��hp!	 ��h�* �Rh3 �h? �)
T�hh�6�(
%hh�( �hh6	� .( )6	,hh- ,hh�� �� �hh?
�!	 �hh&2�hh3���� <!
6��;,3�2�@ ���� �4 ���63(�5*(!� 5�?�63(�5!�
$%@ G
�4 $�!.56��;,h3 ��0h? �2�6�h? ��h3( �h� ,h����h: %h3� 
/�!/b�"&@,-����;!&h3+,&�6��;,h3 �� �2�@ �h����h4

 (,	 �?�'�
�4%2
�*!. �: �3( 
&'. + ��<[ G�� �� (� �4 h� >�
 T!� �� ,6-�0? �h�R2� �h45"�h- �^h��N %h�+� �h? NW-SE 

�3( $�,: T,62: .�(�,h? �h�!8�56��;,h3 �2�@ �h����� �h4
�63(�5��R2��45@,? �(
)�#�( �. (� h�
 h� %�%h2: .(,?�h2?
)

;�� ���2'��!@ �:�=
/�,56��;,3 �2��4 �5( $�!. 5G�p *( 
&'.�$%h@ G(pre-existing) �h��F �h? �x�h? <�h�084 %h��=
�*�)6L�3��h? �6�?(+ +(,	 
�4%h25"&h@,-� �G&h@ `h;
+ ,

.,6? $%22&@�T!� �� ^��R2��45"�h- �F�� h��(5h"S� +�
$�(� ���3( .



<}~� ��"N+( �"# �=�F <(,
( �3�2@ ���: + �3�2@�!"? �"9� ��|

6 �N)c�(xW(.�8@ T%��&��. �: ��6	�? W(,�6��;,3 �2���45"h3 �h�. �3 �� <�8 h� }!ha� _6�5�h��F x%h��=(solid-state intrusion 

system)� <�'� (� �%4� .

��"��� 
x6��;,3�2���h45"h3 �h�. �6��;,h3 I!h� >�h3( ,h? <�8�)

6�
�%2b�+ �
-K��456	�? �� +
��6L�305�63� $+,- �3 �� 
%hh2?5$%hh@ ( %hh2.���# �hh: %hh�(*:6��;,hh3�2���hh45$�!hh. (5�

6��;,3�2���h45�!	 �h3��<!�(� h
 6��;,h3 ��2�@ �h���+ �h4
6��;,3�2���45(�(� 5,:
.+0�G.

x,?�;
�53�,?���5��h/� 1235��h: ��h3�2@�6	�h? +���
6��;,3�2���45"3 ��. �<�8�?�� ,���%h3� �h: �h=
/�,5
6��;,3�2��(,@ *( �4
G&@ M`;
2&@ �? ,�. $%2 h�� ,
�h: �h	�

 ( ��
6��;,3 �63(� )�2���45( $�!. 5.,. �? �6��;,3 �? ^�2��
@���6��;,3 + �4�2���45,:
.+0��(� G�6	,- G&@%�( .
x%4(!@ >�3( ,? ��/� 1235�4 $�(� �5?�e�2923 ��<�h�(� 

��hh:�hh3�2@ �XRD +hh3�,?��
hh@*(�,;0���� ��hh?*[ 
�#!89�5�!-,-� ��45"3 ��. ���h?*[ I!h� +� ,h4 *( <�8

,:
.+0�a�[ ��?*[ + G�T!��3( .
x,: ��?*[ 
.+0��? G�X-� W�!H �h45����hY �h? $%h@ ,h; 
��"�,6�5123 �� �456��;,h3 �2�,: �
.+0 h�G�� �(� �h�R2� 
�45@,? �"S� �&'. ��3( $%@ G.�X-� Z*�� ����Y �h45

,: ��?*[
.+0�� (� G����� �? <(!.
V�? ,5�(h�!
):,. �� h�^
�!.+,;�( �
123 )�(� ���� �4.���� 
_: ,Cr2O3:,. �� �^

@�8�,:
.+0�G�45���[ ����� �$%@ 0
": _h: ,�;!2�+ )�h:+,

�(+(,	��(�!
�!.+,; �� )�6��;,h3 ��2���h45��!h� h3�,?�(�
�.�
� %�%2: .
xa�[ ��?*[ ��( �? T!��J�c
,d"?�p + %2"? ��e!hL J�hR��( �

� W�!hH �? �h- %h2b ����hY �h.
�� ,h6� )12h3 
�h4��h? 
�/6�P@�45O,6�- 
�� �6	� �h�R2� �h45h@,? �F�� h��(5

&'.��3( $%@ G.

�"��/O�
*( Dr. M. Wilke �� 7hh8: ,��hhL �hh?  (%�hh6; $�/'hh�(� *(

 �(0hh	(  ,hh� *( $��a6hh3(WIN-METRIC +M. Borchert *( 
09. ,��L �?  (%�6; $�/'�(�
�XRD��!8� + �4 O. Appelt 

and D. Rhede  *( GFZ �,h? �(,h? )509. h
� ��e+,hh;+,&
��!8� �(��%p + ,&'. �4����!@ .�!h"? �h"9�  ,6S� <(�+(� *(
3�2@���: +�3�2@�(
; ��(�( �? �: <(, h� �h? $%�*�h3 W(���2'

: ���.�(�a�8H %��!8� W%#��� ����� ��(0/3��3 ���8
_.

P$"�� 
[1] Chatterjee K. K., “Uses of Industrial Minerals, 
Rocks and Freshwater”, Nova Science Publishers 
(2009) 584 p. 
[2] Devore G. W., “Preferred mineral 
distributions of polymineralic rocks related to non-
hudrostatic stresses as expressions of mechanical 
equilibria”, Journal of Geology 77 (1968) 26-38. 



%"=j�$��8@ �����? ����z ���: �3�,?�� <�8�"3 ��. ��!-,-� �#!89� �� ��?*[ �3�2@. . .���

[3] Hajialioghli R., Moazzen M., Jahangiri A., 
Droop G. T. R. Bousquet R. and Oberhänsli R.,  
“Petrogenesis of meta-peridotites in the Takab 
area, NW Iran”, Goldschmidt Conference 
Abstracts, Cologne, Germany (2007 a) A370. 
[4] Hajialioghli R., Moazzen M., Droop G. T. R., 
Oberhansli R., Bousquet R. Jahangiri A. and 
Ziemann M., “Serpentine polymorphs and P-T 
evolution of meta-peridotites and serpentinites in 
the Takab area, NW Iran”, Mineralogical 
Magazine 71 (2007 b) 155–174. 
[5] Moazzen M. Hajialioghli R. “Zircon SHRIMP 
dating of mafic migmatites from NW Iran; 
Reporting the oldest rocks from the Iranian crust”, 
5th Annual Meeting AOGS, Busan, Korea. (2008) 
SE62. 
[6] Hajialioghli R., Moazzen M., Droop G., 
Oberhansli R., Bousquet R., Jahangiri A., 
“Tectonic implications of the oligocene mafic 
migmatites in the Takab core complex, NW Iran”,
Tectonic Crossroads: Evolving Orogens of 
Eurasia-Africa-Arabia Ankara, Turkey (2010 a).  
[6] Virta R. L., “Asbestos”, U.S. Geological 
Survey Minerals (2000) 7 p.  

]�[� ��(K����6	(.�"%2? ����5�!6&. �&�(
�? \��.�( �� <(,
�4 �Y!F5�(`/?!3� 5"�( �a� )89�( �"9� 
�<(,|j)��z�(

��xj|.
[8] Stocklin, J., “Structural history and tectonics of 
Iran: a review: American Association of  
Petroleum”, Geologists Bulletin, 52 (1968) 1229–
1258.
[9] Alavi, M., “Tectonics of the Zagros orogenic 
belt of Iran: New data and interpretations”,
Tectonophysics, 229 (1994) 211–238. 
[10] Alavi, M., “Regional stratigraphy of the 
Zagros Fold-Thrust belt of Iran and its 
proforelenad 
Evolution” American Journal of Science, 304 
(2004) 1–20. 
[11] Berberian, M. and King, G.C.P., "Towards a 
paleogeography and tectonic evolution of Iran” 
Canadian Journal of Earth Sciences, 18 (1981) 
210–265.

]nw[��L �?�?�I.+� O��8"p ."�* �'���3�2@ )�
�kkkkk/�"3 ��. �<�8"�)����(�* <��*�3 �3�2@ )�

(
<(, .
]nt[aR�� �.�"�* �'���3�2@ )��kkkkk/�<�'� $�� "

�* <��*�3�)3�2@ �(
�<(,)��|k (<(,�..

[14] Stockli, D.F., Hassanzadeh, J., Stockli, L.D., 
Axen, G., Walker, J.D. and Dewane, T.J., 
“Structural and geochronological evidence for 
Oligo-Miocene intra-arc low-angle detachment 
faulting in the Takab-Zanjan area, NW Iran” 
Abstract, Programs Geological Society of 
America, 36 (2004) 319. 
[15] Moazzen, M., Hajialioghli, R., Moller, A., 
Droop, G., Oberhansli, R., Altenberger, U., 
Jahangiri, A., “Oligocene partial melting in the 
Takab metamorphic complex, NW Iran: Evidence 
from in situ U-Pb geochronology” Journal of 
Sciences, Islamic Republic of Iran, 24 (3) (2013) 
217-228. 
[16] Hajialioghli R., Moazzen M., Jahangiri A., 
Oberhänsli R., Mocek B. and Altenberger U., 
“Petrogenesis and tectonic evolution of 
metaluminous sub-alkaline granitoids from the 
Takab Complex, NW Iran”, Geological Magazine 
148 (2010 b) 250-268. 

]n�[=�F�"#�"N+( ��.�"123 5�!�+,6; �3�,? 5�4
Q��U ��!-,-� x<�8�"3 ��. �#!89� Q
*�?�6� + W�P�"�3

 e�P. l,'��8@ ��)<(,
( e,N"(,6:� ���3�5�)��|� (
,�. $�/'�(�
0.

[18] Li X.P., Rahn M., Bucher K., “Metamorphic 
processes in rodingites of the Zermatt-Saas 
 Ophiolites” International Geological Review 46 
(2004) 28-51.  
[19] Hermann J., Muntener O., Scambelluri M., 
“The importance of serpentinite mylonites for 
subduction and exhumation of oceanic crust”,
Tectonophysics 327 (2000) 225–238. 
[20] Wicks F. J., “Deformation histories as 
recorded by serpentinites, II: Deformation during 
and after serpentinization”, Canadian 
Mineralogist 22 (1984) 197–204. 
[21] Maltman A. J., “Serpentinite textures in 
Anglesey, North Wales, United Kingdom”,
Geological Society of American Bulltin 89 (1978) 
972–980.
[22] Kretz R., “Symbols for rock-forming 
minerals” American Mineralogist 68 (1983) 277-
279.
[23] Leake B. E., Woolley A. R., Arps C. E. S., 
Birch W. D., Gilbert M. C., Grice J. D., Hawthorne 
F. C., Kato A., Kisch H. J., Krivovichev V. G., 
Linthout K., Laird J., Mandarino J. A., Maresh V. 
W., Nickel E. H., Rock N. M. S., Schumacher J. 
C., Smith D. C., Stephenson N. N., Ungaretti L., 
Whittaker E. J. W. and Youzhi G., “Nomenclature 
of amphiboles: report of the subcommittee on 



<}~� ��"N+( �"# �=�F <(,
( �3�2@ ���: + �3�2@�!"? �"9� �|k

amphiboles of the International Mineralogical 
Association, Commission on New Minerals and 
Mineral Names”, American Mineralogist 82 
(1997) 1019–1037. 
[24] O’Hanley D. S., Wicks F. J., “Conditions of 
formation of lizardite, chrysotile and antigorite, 
Cassiar, British Columbia”, Canadian 
Mineralogist 33 (1995) 753–73. 

[25] Evans B., “The serpentine multisystem 
revisited: Chrysotile is metastable”, International 
Geology Review 46 (2004) 479-506. 
[26] Hirauchi K., “Serpentinite textural evolution 
related to tectonically controlled solid-state 
intrusion along the Kurosegawa Belt, northwestern 
Kanto Mountains, central Japan”, Island Arc 15 
(2006) 156–164. 


