
Mineralogy of Marbles produced by metamorphism of 
Listvenites of Upper Proterozoic Anarak Ophiolite 

(NE of Isfahan province, Iran) 

G. Torabi1, M. Sabzehei2, S. Arai3, M. Shirasaka3, H. A. Ahmed4

1- Geology Department of Isfahan University 
E-mail: Torabighodrat@yahoo.com 

2- Geology Dep.,Tarbiat Modarres university 
E-mail: Msabzehei@yahoo.com 

3- Earth Sci. Dep. , Kanazawa University, Kanazawa, Japan 
E-mail: Ultrasa@kenroku.kanazawa-u.ac.jp 

4- Central metallurgical res. and development inst., Cairo, Egypt 
E-mail: Ahm2@yahoo.com 

 
Abstract: In the upper Proterozoic Anarak ophiolite, the marbles are present 
and havr excellent exposures in different areas. Their best exposure is in 
southern slope of Chah-Gorbeh mountain (Chah-Mahdi valley). In the field, 
marbles have massive and dike like exposures. Petrographic studies and 
geochemistry of minerals show that marbles consist of carbonate (calcite), 
garnet (andradite), clinopyroxene (diopside and magnesian-augite), 
amphibole (tremolite), serpentine, chlorite, epidote, chromian spinel, 
magnetite and chromian-magnetite, that are alteration products of chromian 
spinel. Field and microscopic studies show that the marbles have been 
produced by regional metamorphism of old listvenites at different phases of 
metamorphism. The protoliths of these metamorphosed listvenites were 
ultrabasic dikes and intrusions, and mantle peridotites. Presence of 
serpentine, relic chromian spinel, magnetite and chromian magnetite that 
have changed to garnet, supports this interpretation. Therefore, the marbles 
of Anarak ophiolite, are productions of regional metamorphism of old 
listvenites. 
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:$	� .�- N��V�	��3��� � ��3���.�- <�� $	��3>�%)N/�m(.��3�����3��� � ��.�- <�� $	�
 T 98�������N��V�	 .�- <�� $	�%U' �$�� 4& �	�j	 �	 � 
� &@
%� N%	.

4@1u' P@�3��- h��+��=�� ���3=2	 <���� ��� ���>-���+ ���- 4- %�� %�>+ @� z  �	 ��
 �& :S@1��� �	 ��R �@,�	 �Mg# �r/r$�� :��>�- z  �	 �� 6��&�- :�� :�@�	$%Q z  �	 ��

T U���Q%�3>� ��2 ��' z  �	 ��.Cr# $	� .�- <�� N��V�	 lcv/r� 
� & Mg# ��Q m��/r��	 .
N��V�	M�� �@	 $� � I � $	� .�G <�� �	 ��R ��Al2O3
� & )�	 (�&"*(%z  �@	 4G �uQ �	 �

N��V�	 �	N��V�	 4& �U> �� �& <��Cr#7� <	$	� A�& 4& :%�3>� ������ �&	�& $� <�3�G ����

%@��� ��3��� ��5@ ��Q �	 ��R N��V�	 4& N@%U' ��)& 6$ �%	 .

4@1u' P@�3 ��- h��+��=�� ���3=2	 �@����� <�� 4& D$�	 ��2 �E	 <������ $� � I � <��
-���+ ���- �$ � $� �@�� <�!�	 %�$� � ��Q ���3F�� T ��E 4U��8� 
	��� �� �$�� � �� �>

 
$��� <�� T�%I $�c�'a��	 
%� 4C	$	 .��Q B�/�' $�II �III �(@���3F�� T ��E $<
��-��:}�$ �	 ]cc[
���3�	%�.��3��� � �$�� 4& ~�53� <�� %�>G	 NG g�I 4=�@	 N�2�

 �	 $	� .�Gcrr ��Q �9�� 4G ��	 �@	 �$	� <��@� 4���E �&& :�p�R 46$ �FeO* 
%� 4C	$	 
��Q ��	 � ��	II ��Q �III 4��>� �@	 :%� �� 
�	� 4��	%I 6$ � 4& 
%��G 1�2�Q 
��3�� �& 

�� ��j�&%�.
M�� �@	 N�=�' �� �H 4& 4I ' �&��G 4=�@	 � �� � :�>G���+ ���G :T U���Q � ��� �@��

& �$�� 4& :%�3>� ���E ��G 6$ � 4�� �p �@�3�& 4G %�$M�� �@	 <	�& .� �	 � %��& ���� ��
.�� � 
���3�	 �$ � �@	 $� 6�=���� �2�G �@ � �$�=�	 � ��� �@�� .

��G � I� �$ � $�<�� �$ � $� ���5� <���3� ��' C, �	 
���3�	 � ������ �@	 $� 4'�=���� 
M�� �@	 N�=�' $��E � ��� i@	�� �$�	�&�@	 N�=�' 4G�uQ �	 ��� %@�& ��M�� $��>& �32�O ��

 � 43�	� ��F*
%	$�� 1� 	$ � ���� ��E %	]�[��G �	�	�E �;� ��Q �	 
���3�	 $� %@�& :.�$ � $�
 �$�� �3� ��' C, �	 ������ �@	–G�>G���+  ���]�"�'�0[$	1E	 .� �	PTMafic (v. 2.0) 
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1U� :�&	�'%�O	 :�G��	��� :�@	$Q :�@ abq

%� 
���3�	 .� \ � <	�& �3� ��' C, �@	 �	 
���3�	 
$��*`* �$�� � �>G���+ ���G <	$	� 4G 
$��E Z�3>� $� :��	��'���&	�& �@��� :$�& ��G *"* �' *`[�3�� 4I$� �� ��� 	$ �	��%��.

0.5 mm 

�:�E(A) � :(B) �� 3>�2 � ���� �	 N��O <������ �@��9'E	 <����- �& D$�	 ��2 � <��
 T U���Q :��>�-)��2 ��'(��3��� � :.

(C) �$�� )�@�	$%Q(D$�	 ��2 �E	 <������ $� ��>�-� :��3��� :%�>+ @� :.
(D)<��� $  $� NU; �@ 9' ���� .
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��G $� ��3� 3>�2 � ���� �	 N��O <������ ����� ... ab�

(E)D$�	 ��2 �E	 <������ $� 6��&�- � :��3�+�� :�@��- :�$�� .
(F)� $  $� NU; �@ 9' ���� <��.%�� �;�& 4&ZN��V�	 .�- <�� 4I ' �$�� ��F	� ()& $� 4�2�	 $	�
 ��..�- N��V�	 � ��3�+�� � I�& ����& $	� 4B@	� � ���� �	 ������ �@	 �%�Q ��� <��

��'�%@�+ � B@��&	�32�	��	 �3� 3>�2 <��.
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1U� :�&	�'%�O	 :�G��	��� :�@	$Q :�@ abb

 +�/8F��- 1�2�Q P@�3 ������  �E	 <������ $� � I � <��D$�	 ��2.
Sample Rock Mineral 

Type 
SiO2

%
TiO2

%
Al2O3

%
Cr2O3

%
FeO*

%
MnO

%
MgO

%
CaO

%
Na2O

%
K2O
%

NiO2
%

Total
%

A ٤٣٢/٥٥ ٠٠١/٠ ٠٠٩/٠ ٠٤٨/٠ ٥٦٥/٣ ١٩٩/٠ ٩٩١/١٦ ٦٦١/٢٣ ٠٣٤/٠ ٠١١/٠ ٠٣٦/٠ ٩٨٥/٩٩
B ٠٠٠/٠ ٠٠٠/٠ ٠١٣/٠ ٠٠٠/٠ ٠٥١/٠ ٠٠٠/٠ ٠٢١/٠ ٣٥٧/٥٤ ٠٠٨/٠ ٠١٩/٠ ٠١٧/٠ ٤٨٦/٥٤
C ٨٩٢/٣٦ ٠٥٥/٠ ٦٦٤/١ ٢١٣/٠ ٦٠٠/٢٥ ٢٩١/٠ ٠٠١/٠ ٦٣٩/٣١ ٠٠٤/٠ ٠١٧/٠ ٠٠٣/٠ ٣٧٨/٩٦

٣٥٣ 
Massive 
(Marble)

D ٨٥٤/٥٧ ٠٣٣/٠ ٠٥٣/٠ ٠٢٢/٠ ٦٨٤/٣ ٢٤٩/٠ ٤٠٠/٢٢ ٧٩٤/١١ ٢٤٤/٠ ٠٦٦/٠ ١٥٧/٠ ٥٥٥/٩٦

B ١٧٣/١ ٠٠٦/٠ ١٤٧/٠ ٠٥٠/٠ ٣٠٧/٠ ٠١٦/٠ ٦٣٦/١ ٥٥٨/٥١ ٠٠٠/٠ ٠٠٥/٠ ٠٠٥/٠ ٩٠٣/٥٤

E ٧٧٠/٥٣ ٥٢٦/٠ ٨٣٨/٢ ٠٦٤/١ ٩٤٨/٢ ١٠٢/٠ ٠٠٧/١٧ ٧٩٥/٢٠ ٦٠٩/٠ ٠١٧/٠ ٠٣٥/٠ ٧١١/٩٩
F ٠٠٤/٠ ٨٩٧/٠ ٣٣٣/٢٣ ٤٦٩/٣٦ ١٣٦/٢٨ ٥٤٦/٠ ٥٧٢/١٠ ٠٢٦/٠ ٠٠٧/٠ ٠٠٧/٠ ١١٩/٠ ١١٧/١٠٠

٣٧٠ Dike 
(Marble)

G ٢١٤/١ ٠٥٠/٠ ٣٦٦/٠ ٨٨٤/١٤ ٠٢٧/٧٤ ٠٧٣/١ ٥٠٩/١ ٠١٧/٠ ٠١٥/٠ ٠٢٠/٠ ١١٨/٠ ٢٩٣/٩٣
A:  ٢ CPX,   B: Calcite, C: ٣Garnet,  D: NAmphibole   E: Cpx   F: ٣Spinel,   G: Cr-magnetite.   

 
+�/8G��- 
%� 4U��8� ���3F�� T ��E<��D$�	 ��2 �E	 <������ $� � I � .

A:  ٢ CPX,   B: Calcite, C: ٣Garnet,  D: NAmphibole   E: Cpx   F: ٣Spinel,   G: Cr-magnetite.   
 

+�/8D�!�	 �2 =2 � %�$� <��@�T �8��$�� �$ � $� %��I <���>-���+ � ��<�� $� � I �
D$�	 ��2 �E	 <������.

����" 
N��V�	 :��3�+�� � I�.�- <����3��� � ��3��� :$	� <�f� .�f- N��Vf�	 �	 Nf��O $	� <�f�

.�- 
%� N@%U' �$�� 4& ��)& $ d& �	�j	 �	 4- 4�2�	 $	� � :%	1���$�& ��� �@	�8� <��
�� 4- %���� 3>�2 �7�7O $� 4- ������ �@	 4�2�	 M��
%� � ���� <���	 %	B@	� :� �f�

� ' ��'�%f@�+ � :B@��&	�32�	 <Y � <�� 
� f& 43f� � <�f� �� f���� �fX	 $� �f����� �f@	
4�O��� 3>�2 <	
%� N�/�' ��%	.

H8�� 
]�[&	�'�e.:", 2��3+<E	�2 ����<�$�	 47d�� )����f�	 ��3�	 e�� T��� (G�' �f& f� �f& %

M�� 452�d���<E��	�32�	 ���E�� f� E	 ��2 f�M�f� � �$�f	 T��f� ��f�<E��	�32�	 f���

Sample Rock Mineral 
Type

Oxyg.
Atm.

Si Ti Al Cr Fe2+ Fe3+ Mn Mg Ca Na K Ni Total

A ٦ ٠٢٦/٢ ٠٠٠/٠ ٠٠٠/٠ ٠٠١/٠ ١٠٩/٠ ٠٠٠/٠ ٠٠٦/٠ ٩٢٦/٠ ٩٢٧/٠ ٠٠٢/٠ ٠٠١/٠ ٠٠١/٠ ٠٠٠/٤
B ٣ ٠٠٠/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠١/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠١/٠ ٩٩٨/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠٠/١
C ١٢ ١١٨/٣ ٠٠٤/٠ ١٦٦/٠ ٠١٤/٠ ٢٣١/٠ N٨٢/١ ٠٢١/٠ ٠٠٠/٠ ٨٦٥/٢ ٠٠١/٠ ٠٠٢/٠ ٠٠٠/٠ ٠٠٠/٨

٣٥٣ 
Massive 
(Marble)

D ٠٣٨/٨ ٢٣ ٠٠٣/٠ ٠٠٩/٠ ٠٠٢/٠ O٢٨/٠ ٠٠٠/٠ ٠٢٩/٠ PO٠/O ٧٥٥/١ ٠٦٦/٠ ٠١٢/٠ ٠١٨/٠ ٠٠٠/

B ٣ ٠٢٠/٠ ٠٠٠/٠ ٠٠٣/٠ ٠٠١/٠ ٠٠O/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٤١/٠ ٩٣١/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠٠/١
E ٦ ٩٦٠/١ ٠١٤/٠ ١٢٢/٠ ٠٣١/٠ ٠٩٠/٠ ٠٠٠/٠ ٠٠٣/٠ ٩٢٤/٠ ٨١٢/٠ ٠O٣/٠ ٠٠١/٠ ٠٠١/٠ ٠٠٠/٤

Si Ti Al Cr Fe* Fe2+ Fe3+ Mn Mg Ca Na K TotalF ٣٢ ٠٠١/٠ ١٦٧/٠ ٨١٩/٦ ١٤٩/٧ ٨٣٤/٥ ١٣٨/٤ ٦٩٥/١ ١١٥/٠ ٩٠٨/٣ ٠٠٧/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠٠/

٣٧٠ 
Dike 

(Marble)

G ٣٧١/٠ ٣٢ ٠١١/٠ ١٣٢/٠ ٥٩٦/٣ ٩١٨/١٨ ٤١٢/٧ ٥٠٧/١١ ٢٧٨/٠ ٦٨٨/٠ ٠٠٦/٠ ٠٠٠/٠ ٠٠٠/٠ ٠٠٠/

Sample ٣ ٣٥٣ Garnet Sample ٣ CPX ٣٥٣ CPX ٣٧٠ 
Andradite ٨٢/٩O% Wollastonite ٠٢/٤٧% ٣٦/٤٣%
Grossular ٤٣/٤% Enstatite ٩٩/٤٦% ٣٥/٤٩%
Uvarovite ٧٥/٠% Ferrosilite ٨٧/٥% ٩٩/٤%

Acmite ١٢/٠% ٣٠/٢%
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��G $� ��3� 3>�2 � ���� �	 N��O <������ ����� ... ab�

E���E	 wx� ��2 �3������$	��"	�3G� 42��$ :<, 2��3+ <�� ()& :�������&�' 
���	� ��
#$%�)caba(:48��vmr.
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