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Amp: amphibole, Bas: bastite, Cb: carbonate mineral, Mag: magnetite, Qz: quartz, Spl: spinel, Srp: serpentine. 
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)'I��!��5� �a-�6��  ��Y�� ����� ���@:�C ���&6����6� " �C ����6��4#� ���@ �5�� ". . .�Yj

!�*?8�|�� =����Q �
�6�:,))/�� H�7#8 (<��P�, %"#@ :��6;�� e&�#	 ���ZD "����6��4#� �� �&I&� :�C�9��8 ���&�	, :�C.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 

H �Oa� a� h�/h ha/h a�/��  �a/a�  jj/��  �h/h ��/�a  hh/h hh/h hh/h ��/�h�  Cr-Spl 

H �Oa� a� h�/h hY/h �b/�h  ��/a�  ��/��  ��/h hY/�a  hh/h h�/h hh/h bY/�hh  Cr-Spl 

H �Oa� aa �b/h hY/h ��/��  �j/jh  ��/��  ��/h ��/�a  hh/h hh/h hh/h ha/�h�  Cr-Spl 

H �Oa� aj hh/h h�/h h�/�h  h�/jh  Y�/��  ��/h �b/�a  hh/h hh/h hh/h ��/�hh  Cr-Spl 

H �Oa� a� hh/h hY/h ��/�h  ��/a�  j�/��  ��/h ��/�a  hh/h h�/h hh/h jh/�h�  Cr-Spl 

Hj� a� �h/h h�/h ��/��  �j/j�  �b/��  Y�/h ��/��  h�/h hh/h hh/h a�/�hh  Cr-Spl 

Hj� ab h�/h h�/h ��/��  �h/j�  ��/�b  ��/h �h/��  hh/h hY/h hh/h ��/�h�  Cr-Spl 

Hj� j� hh/h h�/h j�/��  ��/j�  YY/�h  Y�/h h�/��  h�/h hY/h hh/h h�/�h�  Cr-Spl 

Hj� j� �j/h hb/h �Y/��  �h/j�  jb/�b  Y�/h bj/��  h�/h hY/h hh/h �h/�hh  Cr-Spl 

H �Oa� aY hb/� h�/h ��/� �Y/aa  Y�/Yh  �b/� ja/� h�/h hj/h hh/h bj/�b  Cr-Mag 

Structural formula based on the 32 Oxygens 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 

H �Oa� a� hh/h h�/h h�/� hh/h Y�/� jj/h �b/� hh/h �a/j hh/h hh/h hh/h h�/�a  

H �Oa� a� hh/h h�/h bj/j hh/h ��/� j�/h b�/� hh/h ��/j hh/h hh/h hh/h hh/�a  

H �Oa� aa hh/h h�/h �h/j hh/h ��/� j�/h �Y/� hh/h ��/j hh/h hh/h hh/h ��/�Y  

H �Oa� aj hh/h h�/h ��/j hh/h ��/� ja/h bh/� hh/h �h/j hh/h hh/h hh/h �b/�Y  

H �Oa� a� hh/h h�/h ��/j hh/h ja/� jY/h ba/� hh/h ��/j hh/h hh/h hh/h hh/�a  

Hj� a� hh/h h�/h hj/j hh/h j�/�h  ah/h ah/Y h�/h jb/a hh/h hh/h hh/h ��/�Y  

Hj� ab hh/h h�/h �h/j hh/h ah/�h  ab/h ab/Y h�/h j�/a hh/h hh/h hh/h ��/�Y  

Hj� j� hh/h h�/h ��/j hh/h �b/�h  a�/h b�/Y hY/h �j/a hh/h hh/h hh/h �b/�Y  

Hj� j� hh/h h�/h h�/j hh/h aj/�h  aj/h jh/Y hY/h ab/a hh/h hh/h hh/h hh/�a  

H �Oa� aY hh/h h�/h �Y/Y hh/h a�/� �b/Y b�/Y �h/h b�/Y hh/h hh/h hh/h �a/�a  

Sample H �Oa� H �Oa� H �Oa� H �Oa� H �Oa� Hj� Hj� Hj� Hj� H �Oa�
Point a� a� aa aj a� a� ab j� j� aY 
Fe3+ # hY/h hY/h ha/h hY/h hY/h h�/h hY/h hY/h hY/h �h/h
Mg # j�/h j�/h �Y/h ��/h j�/h ja/h jY/h a�/h j�/h jj/h
Cr # ��/h ��/h �Y/h �Y/h ��/h �b/h ��/h ��/h ��/h �j/h

7.�@�,�&5� ���#8�@#D <��P�, %"#@ H����6��4#� �� �&I&� :�C�9��8 ���&�	, :�C-&�D�N �'�� �� ��6�	#� ��� :�CCr �Al "Fe3+)��8
X,#��GD (]��[.
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Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 

Ha� b ��/aa h�/h Ya/h hh/h ��/� ha/h Y�/a� hh/h h�/h hh/h YY/b� Srp 
Hj� a� �b/a� h�/h �b/h ha/h b�/� hj/h �j/Y� �j/h ha/h hh/h bh/�� Srp 
Hj� jh ��/a� hh/h ��/h hj/h ��/� hj/h Yb/Yb h�/h hh/h h�/h �a/b� Srp 
HjY � �h/aY hh/h ab/h Y�/h h�/� hj/h b�/ah hh/h hh/h hh/h �a/b� Srp 
HjY � ��/aa hh/h a�/h ��/h �j/� hh/h bY/ah h�/h h�/h hh/h �a/b� Srp 

Structural formula based on the 7 Oxygens 
Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 

Ha� b ha/� hh/h h�/h hh/h hh/h hh/h hj/h hh/h ba/� hh/h hh/h hh/h �j/a
Hj� a� h�/� hh/h h�/h hh/h hh/h hh/h hb/h hh/h ��/� h�/h hh/h hh/h ��/a
Hj� jh ��/� hh/h h�/h hh/h hh/h hh/h ha/h hh/h ��/� hh/h hh/h hh/h bY/a
HjY � ha/� hh/h hY/h hh/h hh/h hh/h ha/h hh/h bY/� hh/h hh/h hh/h �a/a
HjY � hj/� hh/h h�/h hh/h hh/h hh/h hj/h hh/h bY/� hh/h hh/h hh/h �j/a

���� �
���������� )> >�?�� �����&
&> ��� 
e&K�.�Q:.�Q e&K��C� ,�,);� S
#T ��&$#$� �����&6��� -

���'�� :�C OD��8#@�-,",#	 ��6��4#� �8 )����6��4#� �
 :�C
!)� �6��&6��� �5@ (!)�Q �&I" �8 �9��8 ���&�	, �� " )�,

!)� ��:_�� �
, �� 1�6��8&D�5� �	�8 �'/, �C)�6�C .
�|�� =����Q  , </�7 �
�6� :,e&K�.�Q �&I&� :�C�e")I �Y�

!)� �2,�,)�,.� =����Q  , </�7 �
�6� s��#D 
���N �
,  ,�#4= �C
!�� �,�&5� ��e&K�.�Q H�N#D :)�8�� -�+� �C �
, �N )C�

e&K�.�Q !�&8 ���'N z&�  , �C)<^��O[�,("<��� 

���&��6@, " ���&�#D )�,)<*��Ow] (��.[" ���&�#D 
���&��6N,�6� �
, �� �&I&� :�C���&6��� :,�,� H�D#D �8 �C

 #
����Mg#)��/h�D�b/h(")bY/h�Dbb/h()�6�C 
)e")IY.(

���&�"�:=����Q �
�6� }��, #8 XRD��&5� �C)<^�jO�(�
D��8#N ���N -,&�( �8 ���&�"��s�� _�� �
, �� �&I&� -

���C ._�� �
, �� �(#	 X�&/ �8 =�� ���'N,� �&y7 �C��
�J�6� �N:
=����Q ��&5� ��
� ,�#4=�-Qe")I �� �Ca�2,�, 
��, !)�.

7.�Fe&K�.�Q H�@#D �,�&5����&6����6� �� �&I&� :�C���'�� :�COD��8#N ��9��8 ���&�	, ]��.[

0 2
0

2

Fe-Mg-Mn

Calcic

Na-Ca

Alkali

BCa+BNa

BN
a

8.0 7.5 7.0 6.5 6.0 5.5
0

1

Ferro-

Actinolite

Actinolite

TremoliteTr Hb

Act

Hbl

Fe-

Act

Hbl

Ferro-Hbl

Magnesio-Hbl

Fe-

Tsch

Hbl

Tsch

Hbl

Ferro-

Tschermakite

Tschermakite

TSi

M
g/

(M
g+

Fe
2)

M
g/

(M
g+

Fe
2+ )

Tremolite 
Actinolite 

)ب()الف(



-��7&u� ��8,#D-,#
, ����� ���@ " ������&'8 �'J� �Yb

 !�*?=�|�� =����Q �
�6�:,))/�� H�7#8 (e&K�.�Q :��6;�� e&�#	 ���ZD "���6� �� �&I&� :�C���&6����'�� :�CO�9��8 ���&�	, �D��8#N .
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 

Hj� j� ��/j�  h�/h aj/h �h/h Yj/b �b/h Y�/��  ��/�h  ��/� h�/h hh/�b  Tr 

Hj� jY aa/j�  hY/h �Y/h �Y/h ��/� �j/h �b/�b  Y�/�h  b�/� ha/h �h/�b  Act 

Hj� ja YY/j�  h�/h j�/h ��/h jh/� �j/h Y�/��  �a/��  ��/� hY/h a�/�b  Act 

H �Oj� �j ��/jb  hh/h �Y/h a�/h hj/� �b/h ��/��  �a/��  h�/� h�/h jj/�b  Act 

H �Oj� �� �b/j�  ha/h ��/h hj/h ��/Y hb/h �b/��  bY/��  �b/h h�/h ��/��  Tr 

H �Oj� �� hh/jb  h�/h �a/h j�/h j�/� ��/h �j/��  �j/�h  jY/� hY/h �Y/��  Act 

H �Oj� �b �Y/jb  ha/h ��/h ��/h a�/Y �h/h ��/��  b�/��  Y�/h h�/h a�/�b  Tr 
Structural formula based on the 23 Oxygens 

Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 

Hj� j� �a/� h�/h h�/h h�/h h�/h jj/h a�/h h�/h �b/Y j�/� Y�/h hh/h b�/�a  

Hj� jY �Y/� hh/h h�/h hj/h h�/h aj/h �h/h h�/h b�/Y jY/� jh/h h�/h hY/�j  

Hj� ja �Y/� hh/h hb/h h�/h ��/h ��/h j�/h h�/h ��/Y ��/� Ya/h h�/h hY/�j  

H �Oj� �j h�/b hh/h hh/h �h/h ha/h hh/h b�/h h�/h ��/Y �a/� �b/h hh/h h�/�j  

H �Oj� �� ��/� hh/h hY/h hh/h h�/h �b/h �h/h h�/h ��/a b�/� h�/h hh/h ��/�a  

H �Oj� �� �a/� hh/h h�/h ha/h h�/h Ya/h jY/h hY/h h�/a ��/� a�/h h�/h ha/�j  

H �Oj� �b bb/� hh/h ��/h hh/h h�/h ��/h �Y/h h�/h j�/a b�/� �h/h hh/h ��/�a  

Sample Hj� Hj� Hj� H �Oj� H �Oj� H �Oj� H �Oj�
Point j� jY ja �j �� �� �b 
Fe# h�/h �Y/h �Y/h ��/h h�/h ��/h hY/h
Mg# ��/h b�/h b�/h bY/h �b/h bb/h ��/h
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Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Name 

H �Oa� Yb bY/��  hh/h �b/h hh/h �Y/h hh/h �a/� hY/h ��/h hj/h �b/��  Qz 

Hj� jh ��/��  hh/h hh/h hh/h ��/h hh/h ha/h ha/h hh/h h�/h ��/��  Qz 

H �Oj� �� h�/h h�/h hh/h hh/h �a/h Y�/h Y�/h a�/j�  hY/h hh/h Yj/jb  Cal 
Structural formula based on the 2 Oxygens for quartz and 3 Oxygens for calcite 

Sample Point Si Ti Al(IV) Al(VI) Cr Fe3+ Fe2+ Mn Mg Ca Na K Cations 

H �Oa� Yb ��/h hh/h hh/h hh/h hh/h hh/h hh/h hh/h hY/h hh/h hh/h hh/h hh/�

Hj� jh hh/� hh/h hh/h hh/h hh/h hh/h hh/h hh/h hh/h hh/h hh/h hh/h hh/�

H �Oj� �� hh/h hh/h hh/h hh/h hh/h hh/h hh/h hh/h h�/h �b/h hh/h hh/h ��/h
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