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Abstract: In north of Anarak area, in the upper Proterozoic ophiolite, exist 
Massive and Vein type Rodingites. Vein type rodingites have formed in two 
phases. Massive or Static rodingites have formed during oceanic crust 
spreading and ophiolite formation, and Vein type or Dynamic rodingites 
have formed during Anarak ophiolite emplacement and tectonic activities. 
Abundance order of minerals in massive rodingites is Garnet (Chromian-
Andradite), Idocrase, Chlorite, Diopside, Prehnite and Epidote (decreasing). 
In the first phase of vein type rodingites, the abundance order of minerals is 
Diopside, Chlorite, Idocrase, and Garnet (Ti-Andradite), and in the second 
phase is Diopside, Chlorite and Garnet (Andradite). Petrography and 
geochemical study of minerals show that, during the formation of massive 
type rodingites, the activity of Calcium, Iron, and Chromium ions in fluids, 
and during the formation of first phase of vein type rodingites, the activity of 
Calcium, Silicon, Magnesium, Aluminum, Titanium, and OH- ions in fluids, 
have been increased. Geochemistry of second phase of vein type rodingites 
is similar to first phase, but because of absence of Idocrase, and low 
Titanium in Andradite structure, the activity of Iron, Titanium, and 
Aluminum ions, is lower than first phase. Generally the diversity of minerals 
in massive type rodingites is more than vein type rodingites. 
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 <5�L �� &	 <2 �#,.9 S�.52 &	 �#a H����+&�,���+ �G4�+
K ���./4�" �	4�
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K+���9)&	
2+��	(��5�4!& ���
52 �>+��/	 ���#9
/ �."
� 3�! 	� .

���$ <2 ��	 %*�� ;"�	4� �" <64�
� �" SL��� ;�9 E#� ��,�-4�A	 ;�9 H9� �d� ���9 �9
>
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: 34
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�/ + �9 �4� %�	 �4o + ����9
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���� ���	
� �
�� �����	 ����	 ���	�� ��� X@

 W"��� + �"4� S�.52 �4� 
`! &	 ��G�� ������$ ��.!�,/ ;	�	" ���$ %�	 <� �2
� + ;�	zK
b	
��	 ��o�! �� �" S�.52 ��.!�,/ <2 ��	 �,�� .�" "4L4� ;�9&i24�1i/ <2 �� ��

H�	" �#,.9 S�.52 ;	�	" H�&�� ;�9�*�$ �" "4L4� S�.52 <2 �L �� &	 �-+ D�9&i24�1i/ 
��.�! C�=A 	z-��	 ��o�! ���.� ��!� �" S�.52 ������$ ��.!�,/ .
K H� �-�� %�	 �" ���"	

 "�
�	 ������$ ��.!�,/��"4$�$ �#�,!�/
� E#� ;4� &	 S�.52 ;��!4� �2
� <2 W
H�	" ��� <� ������;^4T! W"4� �� �� &�a� "4$ .�" H�	" �+�" H�.52 ;���!�2 %�	
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 s
=� H� 34
9W��$ S�.52 &	 �#a ��+ �"	" ��" &	 	� "4O ;�	���/ �G�� ������$ ��.!�,/ 
� �$i,���!4$ .�� '�/ ���L �� �$i� %�	 + <,A� %�� &	 ������$ ��.!�,/ ���"	
K <2 "+�
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�/�#,.9 ��1+	 + ��!4���./4�" <� �� )e�	
$ �"XCO2%���/ (�,2	 + ��-4�
� <� �� +#��-4 
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��#� �9C48�� ������$ &	
�
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� ;	
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�!�2 ��* � ]5,(� ;�9&�A ���#$... Xg

��$ �,��#�"+� �#�,!�/
� �� ���2 m��B� �" H���#�" + H���,�	 ;�9 �$�H���,�	 ;�9
��	 H���#�" +.�#�,!�/
� 3��#9 H�	" �H���#�" ��$ �#,.9 ��##*$ ���.� <2 H�&�� ;�9

��$u	�"o
K" ��$�/
� %�� 
�z/^4T! ���"	
K H� + ��$ �5*��#�,! + H�,�i/ ;�9
H�	" "�
�	 ��##*$ H�&�� ;�9��"4$���$ 34
9 �6�� <2 ;�9H�	" ��� <� C�=A ;�9

�� H�&�� "4$.���#�"+� ��* � �6�� H���,�	 ��$ �,��#�"+� H�,�i�4!	
K �A�� �� ;�9
�� "4$ .���#�"+� ��* � �6�� H���#�" ��$ �,��#�"+� <2 �-�� �" <K� ;�9 �� ;	 $"4.

	��7F��!	 C��$ ��-4�A	 �" "4L4� ;�9 ���#�"+� ��	
�J 
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$ C��$ .(
(A) :���+��
/ �+�" ��$ �,��#�"+� H�	" <,$4K W�$ �#�,!�/
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/ �+�" �,��#�"+� H�	" $4K W�$ �#�,!�/
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 H,O�" ��o �:
$)t4#L <� ���! .((C) +(D) :���#�"+� <K� ;�9 ;	)%$+� '(� (�+�" �"

���#�"+� �"4� ;�9 ;	)�
�� '(�.(
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�J ;�9 p*�	 4�
/ M	
/ &	 �"�T,�	 + �F&�! lU�?� ;���!
(XRD);���!�2 ����#�"+� �" "4L4� �"4� ;�9 A P��
� <� ;	�!	+	
&	 �#����6 :�!��K 

)3
2 ��"	��!� �	"(&	
2+��	 �)��!��++&+(���
52 ���./4�"�>+��/	 + ���#9
/ .�-���" <2
���#�"+� �" "4L4� ;���!�2 �!	+	
A P��
� <K� ;�9 ;	C+	 �.! �<��./4�" >�4J ����
52

�!��K + &	
2+��	���#�"+� �" + �<K� ;�9 <� 3+" �.! ;	 " >�4J �!��K + ���
52 ���./4�
)��"	��!�(��	)�*$@(.���#�"+� �" ��
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���� ���	
� �
�� �����	 ����	 ���	�� ��� X[

��	 H�"�! 
���*� .���#�"+� �" ]5,(� ;���!�2 �!	+	
A C+�L �" F��!	 ��-4�A	 ;�9�
��	 ��$ �"�+�.

%�-1/;�9 ���#�"+� �" ]5,(� ;�9 �!�2 �!	+	
A %��!��� F��!	 ��-4�A	.

	��:���#�"+� �/4*�+
*�� 
�+�8� F��!	 C��$ ��-4�A	 ;�9)���TJ	 ��,�	 q
$ C��$ (
)����#K����_
�	
� .((A) :���#�"+� &	 ;
�48� �"4� ;�9 �!�2 �� ;	 ��!��+&+ ��!��K ;�9)&	
2+��	(+ �

��
52 .(B) +(C) :���#�"+� 
�48� <K� ;�9 �!�2 �� C+	 &�A ;	 + ���
52 ���./4�" ;�9 �!��K 
��,�� �	" .(D) :<K� ���#�"+� �!�2 �� 3+" &�A ;	 <K� ���#�"+� <2 ���./4�" + ��
52 ��!��K ;�9 ;	

��	 �"
2 lB: 	� C+	 &�A.

<!��K��� ���,�" &	 �,��#�"+� ;���!�2 ������$ P�2
� ���
� ;	
� <2 �$ �"�T,�	 �&
�!�2 %�	 ��-�!� ���,! %��!��� �� C4�
A D����� ��9 ����! ;��6	 �J�" ��! + ���!� ;��,O

C45�� C+�L �" ����L ;�9 ;�9�+7��$ �"�+� �!	 .���,! ���
� <B?! ��-�!� &	 �J�� ;	
�!�2 �� �� ! �9 <2 �9":

EpidotePrehniteChloriteDiopsideIdocraseGarnetMineral Type Rodingite
�%@%�7%7%7X%@_%Massive Type Rodingite 

���� ���� 7X%@�%�g%g%Vein Type Rodingite (Phase 1) 
���� ���� 7g%gg%���� �_%Vein Type Rodingite (Phase 2) 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

18
 ]

 

                            12 / 20

http://ijcm.ir/article-1-756-fa.html


�!�2 ��* � ]5,(� ;�9&�A ���#$... XY

�����#�"+� &	 V4! +" 
9 �" �!��K �!�2 �� ��4�6 P�2
� + <,$	" "4L+ F��!	 ��-4�A	 ;�9

��"	��!�(High-Andradite Garnet) C4�
A �� Ca3(Fe3+,Ti) 2Si3O12��	 ."4L4� �!��K
���#�"+� �" �"4� ;�9 ;	�	" ;	Cr2O3�� + �"4� ��L4� ���: ��"	��!� �64! 	
!� �	4�

3
2 �	"(Chromian Andradite)����! .�!��K <*�-�� �" ���#�"+� �" "4L4� ;�9 <K� ;�9 ;	
��,�� ��"	��!� V4! &	 C+	 �.! �	"(Titanium-Andradite)���#�"+� �" + �<K� ;�9 �.! ;	

��	 �-4�=� ��"	��!� V4! &	 3+" .��"	��!� ��,�� ;�9 ��"	��!� <� ��.! �	" �-4�=� ;�9
 ;	�	"FeO*, Al2O3+SiO2<*�-�� �" �"4� ;
,�2 MgO +TiO2�!�	" ;
�G�� .�	�?�

��"�	�!� <�9 �" S�.52 ��	 
���*� <� <��$ �9.
%�-12�!�2 ��-�!� ���,! %��!��� �� F��!	 ��-4�A	 �" ���#�"+� ]5,(� ;�9&�A �" "4L4� ;�9

<!��K��� &	 �"�T,�	 �&�!+
,*-	 .%�	 ;��,O�� C4�
A <����� �!�2 ��	 ��$ �"�+� ��! �9.

%�-17C45�� �!���/ ;��6	 �J�" D����� �!��K "�4� �" ���L ;�9 �9
%.2+
�/ +� ;�9���#�"+� �" "4L4 F��!	 ��-4�A	 ;�9.

Garnet 

Vein Type Rodingite  
(Phase 2) 

Vein Type Rodingite 
(Phase1) Massive Type  Rodingite Phase 

Garnet ChloriteCPX Garnet IdocraseChloriteCPX IdocraseChloriteGarnet Mineral 
٢١٣٤٥٢٦٢١٦Avg.Points
٣١٣/٣٦٣٤٩/٣٢٦٨٣/٥٦٠٣٣/٣٣٩٤٣/٣٦١٧٢/٣٢٥٧٠/٥٤٥٢٦/٣٧٨٦٩/٢٩٦٨٣/٣٦SiO2

٤٥٣/٠٠٢١/٠٠١٠/٠٦٨٥/١٠٠٤٤/١٠٠٦/٠٠٠٧/٠٠٨٣/٠٠٢١/٠٢٨٧/٠TiO2

٠٢٥/٣٢٦١/١٦٠٠٣/٠١٤٦/١٢٨٨/١٣٦٧٧/١٥٠٦٣/٠٤٧٧/١٧١١٨/١٨٢٣٣/٣Al2O3

٠٠٠/٠٠٠٠/٠٠١٠/٠٠١٨/٠٠٠٢/٠٠٠٤/٠٠٠٢/٠٠٠٠/٠٠١٤/٠٩٩٧/٠Cr2O3

٧٩٦/٢٣٠٩٨/٦٨٢٥/١٤٨٠/١٧٣٤٩/٣٨٧٢/٥١٢٤/٢٧٥٢/٢٧١٠/١٠٦٢٧/٢٢FeO* 
٠٦٠/٠١٧٥/٠٢٢٦/٠١٤٤/٠٠٤٨/٠١٧١/٠٢١٠/٠٠٣٣/٠١٥٠/٠١٦٩/٠MnO 
٠٩٥/٠٣٩٠/٢٩٦٦٣/١٥٨٥٩/٠٨١٨/٢٥٦٤/٢٩٥٧٦/١٥٧١٦/٢٧٧٠/٢٤٠٢٢/٠MgO 
٤٣٣/٣٦٠٠٤/٠٢٥٦/٢٧٧٤٢/٣٦٦٠٨/٣٨٢٧٦/٠٠٥٧/٢٧٣٦٥/٣٣٠٤٧/٠٠٤٨/٣٦CaO 
٠٠١/٠٠٠٠/٠٠٠٤/٠٠٠٧/٠٠٠١/٠٠٠٠/٠٠٢٥/٠٠١٦/٠٠٢١/٠٠٠٩/٠Na2O
٠٢٢/٠٠٢٣/٠٠٠٥/٠٠١٧/٠٠٠٩/٠٠١٢/٠٠١٩/٠٠٠٩/٠٠١٥/٠٠٠٩/٠K2O
٠٠٠/٠٠٦٣/٠٠٠٦/٠٠٠٣/٠٠٠٣/٠٠٤٢/٠٠٠٨/٠٠١٣/٠٠٢٧/٠٠٠٧/٠NiO2

١٩٧/١٠٠٣٨٤/٨٤٦٩١/٩٩١٣٤/١٠٠١١٤/٩٩٧٩٣/٨٣٩٦٠/٩٩٩٨٧/٩٣٧٦٢/٨٣٠٩٠/١٠٠Total 

٢٤ O10(OH)8٦٢٤٣٦O10(OH)8٦٣٦O10(OH)8٢٤ Oxyg.Atm.
٣٣٥/٦١٧٧/٣٠٠٥/٢٦٨١/٥٨٧٥/٨١٨٣/٣٠٠٠/٢١١٥/٩٠٣٣/٣٣٦٦/٦Si 
٠٥٩/٠٠٠٢/٠٠٠٠/٠٣٨١/١١٨٨/٠٠٠٠/٠٠٠٠/٠٠١٥/٠٠٠٢/٠٠٣٧/٠Ti 
٦١٣/٠٨٨٢/١٠٠٠/٠٢٣٢/٠٧٦٢/٣٨٢٨/١٠٠٣/٣٠٠٢/٥١٦٨/٢٦٥٤/٠Al 
٠٠٠/٠٠٠٠/٠٠٠٠/٠٠٠٢/٠٠٠٠/٠٠٠٠/٠٠٠٠/٠٠٠٠/٠٠٠١/٠١٣٥/٠Cr 
٤٥٢/٣٥٠١/٠٠٥٦/٠٥١٣/٢٢٧٥/١٤٨٦/٠٠٦٥/٠٥٥٩/٠٩٠٩/٠٢٧٦/٣Fe2+
٠٠٩/٠٠١٥/٠٠٠٧/٠٠٢١/٠٠١٠/٠٠١٤/٠٠٠٦/٠٠٠٧/٠٠١٣/٠٠٢٤/٠Mn 
٠٢٤/٠٢٩٩/٤٨٥٥/٠٢٢٠/٠٠٠٨/١٣٥٧/٤٨٦٠/٠٩٨٣/٠٧٤٦/٣٠٠٦/٠Mg 
٨٠٦/٦٠٠٠/٠٠٧٠/١٧٦٧/٦٩٣٤/٩٠٢٩/٠٠٦٢/١٦٨٠/٦٠٠٥/٠٧٠١/٦Ca 
٠٠٠/٠٠٠٠/٠٠٠٠/٠٠٠٢/٠٠٠١/٠٠٠٠/٠٠٠٢/٠٠٠٧/٠٠٠٤/٠٠٠٣/٠Na 
٠٠٥/٠٠٠٣/٠٠٠٠/٠٠٠٤/٠٠٠٣/٠٠٠١/٠٠٠١/٠٠٠٣/٠٠٠٢/٠٠٠٢/٠K
٠٠٠/٠٠٠٤/٠٠٠٠/٠٠٠٠/٠٠٠١/٠٠٠٣/٠٠٠٠/٠٠٠٢/٠٠٠٢/٠٠٠١/٠Ni 
٣٠٣/١٧٨٨٢/٩٩٩٥/٣٨٢٤/١٦٠٥٧/٢٥٩٠٣/٩٠٠٠/٤٣٧٣/٢٤٨٨٤/٩٢٠٥/١٧Total 
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���� ���	
� �
�� �����	 ����	 ���	�� ��� XX

Phase Massive Type Vein Type Phase 1 Vein Type Phase 2
Pyrope _gY/_% 7��/�% �@_/_%

Almandine YX�/7�% 7Z�/�[% 7[g/77%
Grossular Z�7/[[% _Yg/Y�% _�Z/[[%

Spessartine �@X/_% ��_/_% _X[/_%
Clinopyroxene 

Phase Vein Type Phase 1 Vein Type Phase 2 
Wollastonite _7/g7% X_/g7%

Enstatite @7/7_% _�/@7%
Ferrosilite gY/7% �Y/7%

Acmite _Z/_% _�/_%

����4�6 C4�
A �� &	
2+��	 �!�2 Ca10(Mg, Fe)2Al4[Si4O7]2[SiO4]5(OH,F)4�" S9 �
���#�"+� �"4� ;�9 ���#�"+� �" S9 + ;	 K� ;�9<�� ���" C+	 �.! ;	 "4$ .;�9&	
2+��	

���#�"+� �" "4L4� �"4� ;�9 ���#�"+� ;�9&	
2+��	 <� ��.! ;	 <K� ;�9 ;	�	" C+	 �.! ;	
Al2O3+ 
�G�� Fe, Ca P5a	 +TiO2�#,.9 ;
,�2 .���#�"+� �" "4L4� ;�9&	
2+��	 ;�9

 ;	�	" ;	 �"4�OH �� H2O+�#,.9 ;
�G�� .
7���
52 �!�2 ��4�6 C4�
A �� (Mg, Al, Fe)12[(Si, Al)8O20](OH)16�" S9 �

���#�"+� �"4� ;�9 ���#�"+� �" S9 + ;	 <K� ;�9 �� �A�� ;	 "4$ .��
52 �+�" ;�9
���#�"+� �"4� ;�9 ;	�	" ;	MnO, MgO +SiO2+ �
,�2 Al2O3+FeO* ;
, �� 
�#,.9 .��
52 ���#�"+� �" "4L4� ;�9 4! &	 <?B#� ;�9 VMg-Chlorite�#,.9 .��
52 ;�9

���#�"+� �" "4L4� <K� ;�9 �#,.9 ���� � P�2
� ;	�	" 3+" + C+	 �.! ;	.
@���4�6 C4�
A �� ��./4�" �!�2 (Ca, Mg)[Si2O6]���#�"+� �" <K� ;�9 ;	�	" ;	

���#�"+� �" <2 �-�� �" ��"4� "��& ���.� �!	+	
A �"4� ;�9 ;
,�2 �!	+	
A ;	�	" ;	��	 .
���#�"+� �" "4L4� ;�9��./4�" �"4� ;�9 �#64! +" 
� ;	 .��!� &	 �O
� <2 >�4J %���

 
b	 �" ��$ ��* � ;�9��./4�" ��! �O
� + �"4� <�-+	 E#� �" "4L4� ;�9��./4�" ��!���:��
�#,.9 ��$ �,��#�"+� ����/ .�!�2 %�	 H�*T� ���
� �" �9 E#� ;�9 ��	 <!4K %�	 ���#$

4�" <2 �<�-+	 ;�9��./4�" ��!���:�� <2 �-�� �" ��"4� S-�� + 
���� �,��#�"+� ;�9��./
<n�� + E#����/ ;	�	" + ��"4� >�� + �$�" ��L �" Ci�!	 ;�9(100) �#,.9 ]��[.

<K� ;�9��./4�" �!
���*� <��$ ������$ P�2
� 
`! &	 3+" + C+	 �.! ;	 .+ �9��./4�"
�!��K #�"+� �" "4L4� ;�9��� <K� ;�9 <?B#� "4O &	 3+" �.! ;	 �� �� ! ;�#� <2 �#9"

"�	" SL��� ���$ ������$ P�2
� �" ����!��4! "4L+ &	 ���*� .������$ P�2
� �
,.K
���#�"+� �" "4L4� ;���!�2 �*$ �" ��! ��!� P�2
� %��!��� + F��!	 ��-4�A	 ;�9g�"�+� 

��	 ��$ .� ;���!�2 V4! <2 ��	 �|	+ 
/���#�"+� �" "4L4 ������$ + �*���A P�2
� <� �9
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�!�2 ��* � ]5,(� ;�9&�A ���#$... XZ

���$ ���+��
/ V4! �SL��� ;�9 �#�,!�/
� ;�9 �	4L �" <2 ��#� P�2
� ��! + �<,$4K W�$
���+��
/ "�	" �	
: ��$ �#�,!�/
� C�� �" ;�9);^4T! �"4� + H�	" P5a	("�	" ��,.� �.

�
� ��,��#�"+� ;���!�2 P�2
� ���
� �� %�	
��#���!���:�� �� ;	
� ;^4T! W"4� �� H�	" ;�9
���+��
/ V4! %,.!	" + �<�-+	 E#� V4! %��=� �� ��$ �#�,!�/
� ;�9 <� ;"��& "+�� �� �	4�

���$ ��9�� "
� �/ SL��� ;�9]�7[.���
� E#� + ��	
�J ;�9 �� �� ! ���#$ <2 �9"
���+��
/ V4! V4! &	 
, �� ��-4�A	 %�	 �" <,$4K ;�9H�	" <�-+	 E#� ��"4� ��-+&
- ;�9

��	 �"4� +
��K ��! H,O�" + ����4-�9 �" "4L4� �,��#�"+�.

Al+Cr

Mg+Ni Fe+Mn

Idocrase

Chlorite

Garnet

Clinopyroxene

Massive Type

Vein Type (Phase 1)

Vein Type (Phase 2)

	��EW
,.K �!�2 ������$ P�2
� ���#�"+� �" "4L4� ;�9 P�2
� %��!��� + F��!	 ��-4�A	 ;�9
 �d5d� �	"4�! �" ��!�(Al+Cr) , (Mg+Ni) +(Fe+Mn).

���#�"+� �" ]5,(� ;���!�2 �!	+	
A ��.! %,A
K 
`! �" �� �"4� ;�9 <K� + ;	 ��! + �;	
�!�2 %�	 P�2
� ���
� �� ��9 <2 "
� �/ �	4�:

���4� ��-�=A Si4+���#�"+� "�
�	 &�A �" <K� ;�9 &�A %�	 �" <2 	
o ���	 �"4� 
, �� ;	
 �5J	 ;���!�2 ��
52 + ��./4�"�#,.9.

���4� ��-�=A ;�9Al3++OH-���#�"+� "�
�	 &�A �" <K� ;�9 �" �4o ���	 �"4� 
�G�� ;	
��	 �5J	 �!�2 ���
52 &�A %�	.

7��4� ��-�=A ;�9 Ca2+, Fe +Cr3+���#�"+� "�
�	 &�A �" �"4� ;�9 	
o ���	 �"4� 
, �� ;	
3
2 ��"	��!� &�A %�	 �" <2 	 �!�2 &	
2+��	 + �	"���#�"+� �" + ��"4� �5J <K� ;�9 ��
52 ;	

��	 �5J	 ;���!�2 v�L.
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���� ���	
� �
�� �����	 ����	 ���	�� ��� Z_

@��4� ��-�=A Ti4+���#�"+� "�
�	 &�A �" <K� ;�9 �" <h2 	
o ���	 �"4� 
, �� C+	 �.! ;	
 &	 �.h! %h�	 ;�9&	
2+��	 �%�	 
� �+i6 + ���	 <,$	" �4�� �	" ��,�� ��"	��!� �!�2 �&�A %�	

���#�"+� 	�	" ��! �9�#,.9 ��L4� ���: ��,�� ;.
g����#�"+� �" S�.52 &	 �#a ;���!�2 �!	+	
A �� �� ! ��! <?B#� ;�9 SL��� W��$ <2 �9"

�4� 
`! &	Ca2+��	 �"4� V��$	 
�	 .
H�	" ���� W�	4�" ��$ ��* � ��
52 + ��./4�" ;���!�2 &	 F��!	 ��-4�A	 �,��#�"+� ;�9

 W�	4�" H� "4L+ 
�!��� <2 ��	��	 ��� �.�$ W��.O� �" ��$ �4K
K" + �H��i2 ."	�=�
[<K� �" "4L4� ;���!�2 &	 <!4�! H� �	
�9 <� �;&��	�L &	 p/ ��! C+	 �.! �,��#�"+� ;�9

H�	" &	 <!4�! M+� <� �t���2 
J�#6 �!	+	
A ���
� + P�2
� %��=� ;	
� �,��#�"+� ;�9
C�=A �� ���,! <2 �$ ��-�!� �!+
�4! ;&�� ����$ C+�L �" @��	 ��$ �"�+� .<� �9��! ��

��-�!� ���,!C�=A M+� &	 �J�� �!+
�4! ;&����E#� %�	 �"4� 
�?A <� �	4� �9
J�#6 
`! &	
�/ ��K&���! + t���2 "
�.

%�-1:�!�2 + ��,��#�"+� H�	" H� ��-�!� ���,! <K� �,��#�"+� ;�9 �� F��!	 C��$ ��-4�A	 &	 ;	
"�T,�	 �!+
�4! ;&�� C�=A M+� &	 �(NAA)) .* : ppb(

Ele./Sam. Dike Diopside Diopside Chlorite Chlorite Idocrase Garnet 
TiO2% �_/_ _g/g _g/_ ��/_ �@/_ �g/_ �@/_
Al2O3% gZ/�7 g7/_ 7[/_ gY/�@ _�/�Y @�/�[ g@/@
Fe2O3*% �Y/@ @�/7 _X/@ [@/Y �_/�_ @g/@ [�/�[ 
MnO% _Z/_ �Y/_ �[/_ ��/_ �@/_ _Y/_ _7/_
MgO% �Z/�_ Yg/�� Z_/�� @X/�[ _Y/�@ Y�/g g[/�
CaO% �_/�7 _X/�X 7@/�� 7g/_ [Z/_ X7/7[ [Y/7[ 
Na2O% �Z/_ _7/_ _�/_ _�/_ _�/_ _7/_ _Z/_
K2O% _g/_ _�/_ _�/_ _�/_ _�/_ ��/_ ��/_
LOI% _g/@ ��/_ �X/_ �_/�� Z�/�� ---------- --------- 
Cr �@Y g �_ �� X 7g �� 
Ni ------- [@ gg ��Y �X� ---------- --------- 
Co @� �7 �X Y@ Y_ Z �
Sc �g @ @ � �[/_ �� �
V Z� �� �� @@ Y 7[ Y� 
Zn �[@ 7g �@ gg �_7 gg <7_ 
W X_/_ �X/_ 7Z/_ _Z/_ �_/_ �7/_ �g/7
As [_/_ Xg* XY* _g/_ _g/_ _Y/_ X7*

Sb _X/_ gg/_ [�/_ X@/_ gY/_ @X/_ �X/_
Au @* [* [* [* @�* 7* Z*
Rb �_ @ @ [ [ g �g 
Cs Z_/_ 7@/_ 77/_ @_/_ @_/_ @@/_ �
Ga X�/g Y_/_ [_/_ _@/g [X/X Z_/@ 7_ 
Ta 7_/_ �[/_ �7/_ �Y/_ �X/_ [_/_ @_/_
Hf 7g/_ �X/_ gZ/_ �_/_ �_/_ @Z/_ g_/_
Th �g/_ �X/_ �X/_ ��/_ �7/_ @7/� g_/_
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�!�2 ��* � ]5,(� ;�9&�A ���#$... Z�

U �g/_ �@/_ _[/_ _[/_ _Y/_ _Z/_ 7�/_
La �X/� gg/_ @�/_ [7/_ 7Z/_ [�/Y _g/_
Ce �Z/@ g_/_ Z@/� [_/_ Y_/_ g[/�� X_/�
Pr <Y <� <Y_/� <7 <� <� <Y
Nd <�g <@ <@ <@ <@ <g <�� 
Sm g�/_ gX* �Y/_ @X* g_* [g/_ Z@*

Eu 7�/_ _g/_ [[* _g/_ _g/_ Z_/_ �g/_
Gd _Z/_ _Y/_ @7/_ _[/_ _Y/_ �Z/� �Y/_
Tb �7/_ _[/_ _[/_ _[/_ _Y/_ _X/_ �X/_
Dy @[/_ �[/_ �Y/_ �7/_ �Z/_ �Y/_ @_/_
Ho �X/_ �_/_ �_/_ �_/_ ��/_ �7/_ @[/_
Tm @g* �7/_ 7_* Z7* �@/_ g_* �[/_
Yb @7/_ _g/_ �g/_ _[/_ _[/_ @_/_ �g/_
Lu Y[* Y* 7_* X* Z* [Y* ��*

Br @g/_ [X/_ Y_/_ gZ/_ [@/_ g@/_ ZZ/_

����)' 
�� 
`! <� ���#�"+� ���*� + ��* � 
�� <2 ��� C��$ �,�-4�A	 D64�
� �" "4L4� ;�9

�$�� %�#o F��!	:
��<5�
�%,A�2*�	" ^4T! + ��4!��:	 
T�4,�- ��* � ��"4� + �� ;^4T! ;�9 �+�" <�

 M
,.K D�	"	 %�� �" ��4!��:	 D,�4/�A�2.
��"	&� �Hhh�A��	
,-+	 ;���#hh� ��hh$ �#�,!�/
hh� + S�.hh52 �4hhf�9 ���hh�!4� ��hh$

 ��*�	" ��$ �,��#�"+��"4� +;^4T! ;�9)H���,�	 ��$ �,��#�"+�(
7��"	4�%��& �,O�� �,�-4�A	 D64�
� ;
����L +��n-MC4U �" �K�h!	� mU�#� +

<K� ���*� + <=�4� �6�� <2 ��,��#�"+� ;��*�	" &	 �2�h� + ���h$ �,��#�"+� ;�9
 ��-�=A H�C��
�+���9=���	 ;�)H���#�" ��$ �,��#�"+�.(

���
� �� �� ! �9�� ���&� + ��	
�J ;�9 ���$ ��9" Hh�	" ���h�� �h6�� <2 ���9 ;�h9
 �"4� + H�&�� ���#�"+� <� ��+
��K ;^4T! ;�9 �"4h� ;�h9 �h��#�"+� ��* h� �h�! + �;	 ;�h9

<K� ��$ ;	 �4� 
`! &	 ��!	Ca2+�"4� V��$	 
�	 �!	 .�4� ��-�=A ;�9Fe ,Ca2++Cr3+W��h$ �" 
���#�"+� "4L4� �"4� ;�9 ���#�"+� "4L4� ���$ <� ��.! �;	 <K� ;�9 ��h�	 �"4h� 
�G�h� ;	

 �hhh��#�"+� �" "4hhhL4� W��hhh$ �" <hhh2 �-�hhh��" <hhhK� ;�hhh9 �hhh�-�=A �C+	 �.hhh! ;	
�4� ;�9Si4+,Al3+,Ti4++OH-��	 �"4� 
�G�� .���#�"+� "�4� �" <K� ;�9 �h�! 3+" �.h! ;	
�� ���#�"+� <� <��$ <2 �TK �	4� <K� ;�9 "4hL+ 3�h6 �h�-" <h� �h�#� + �"4h� C+	 �.! ;	

 "4hh�! + �&	
2+�hh�	Ti �4hh� �hh�-�=A ���"	��hh!� ��,O�hh� �" ;�hh9Ti ,Fe +Al <hh� ��.hh! 
���#�"+� <K� ;�9 ��	 �"4� 
,�2 C+	 �.! ;	 .
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���� ���	
� �
�� �����	 ����	 ���	�� ��� Z�

 H�	" �" ��
52 + ��./4�" ;���!�2 �� ���� W�	4�" "4L+ "+� ;�9 ��! F��!	 ��-4�A	 �,��#�
 Hh�	" <�$�� �" '#2	+ <?B#� H� "4L+ 
�!��� Hh�	" ��h$ �4hK
K" + ��h9 W��.hO� �" �h9

��	 ��� �.�$.

�����-. � )��
 
��	 ���� ���
� ��� !	" �" ;
,2" <-��� &	 � (� ����
� %�	 &	 �J�� ���,! .�!+�=� &	

* � ��� !	" + <��/ 3456 W�* !	" � 9+w/ 3
,���� 
"4$ .<B?! ;�9��-�!� �!�2 ;	 �" ��! �9
�$ 3�
!	 %/	1 	+	&�!�2 ��� !	" �%��& 3456 ��* !	" F
, � >�?�?�� �2
� .
,2" 

Elazieta Dubinska%��& ��* !	" "�,�	 4$�+ ��� !	" ���#$)��,.�-(�4.A+
/ + �
K. Hatzipanagiotou%��& '(� "�,�	 �	
��/ ��� !	" ���#$)�
�: (��! �" 
U�O <�

��� ��! + ��56 l��#� �"	" �	
: ���,O	 �#,.9 �!	"��: <,.��$ ���56 ;�9 .C4r.� &	
 
* � ��! ���� ���
� ��� !	" <�5?! ��	+ ��! + �;&+
�A ;�:� F&�! lB?� <��� ��� ���&�

�� "4$.
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