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42.15 Fs12.87-13.90 �6$ .%��+�&M(1&)� ?&��< !�(H0 7��3
 �J
 OJ +�=7;�J�
R+$ 7$2&� ��]4`[�� �$�E 2��&5)Q3H `.(

�$�(HHO� ��Q-J)J = 2Na, Q = Ca + Mg + Fe2+(
��(O� ��(� =�J6��0���!�D�H5=%�H�+�&M @&�H)� =�HJ�

%HHHJ;�@
NHHH&1� �$�)(Quad$�HHHE �HHH� �2HHH��&5)Q3HHH V.(
%��+�&M ��(� =�J6��0���L1� 2E�	 21D�J =210.

d$�H&&A< �$�(HO� ^�6$�0Ti + Na + Cr �H0 �-�H� Al�
%��+�&M(1&)� ���O< 2��$� %
�B; �&J�� �J)Q3H ~.(7$NH&�

 d$�&&A<Al2O3�$ UV/��<~�/4d$�H&&A< + !�(H0 ���+ 2P�� 
CaO @� ��&�0 ���; �H6$ �$ +W_/4W �H<~4/4W �H��+ 2HP�� 

A<&&� ��21n .�$2��Mg# �+2H9 �� TH6(D� �(HL0 N&� U4/W
�HH6$ .7$NHH&� AlIV �$W��/W�HH< WX�/WS(HH��	 2HH9$+ �� @HH<$ 

(a.p.f.u) +AlVI �$ N&� W�/W�<W4�/Wa.p.f.u.�6$ �&AD� .

%�+�,%��+�&M(1&)� � �$��MN
� =�JN&���; }
�D� !�(< =�J=��(� =B(C� 6��0�^�6$ �0 �7j&��$ @<$ .
Label Cpx-1 Cpx-2 Cpx-3 Cpx-4 Cpx-5 Cpx-6 
SiO2 52/29 52/11 51/47 51/80 51/92 51/57 
TiO2 0/63 0/61 0/74 0/70 0/69 0/73 
P2O5 0/04 0/04 0/01 0/02 0/01 0/00 
Al2O3 1/84 1/85 2/54 2/36 2/31 2/56 
Cr2O3 0/00 0/00 0/08 0/02 0/03 0/04 
Fe2O3 0/00 0/00 0/00 0/00 0/00 0/00 
FeO 8/40 8/43 7/80 8/07 8/08 8/12 
MnO 0/29 0/27 0/22 0/20 0/21 0/20 
MgO 15/96 15/83 15/75 15/69 15/81 15/53 
NiO 0/00 0/02 0/03 0/00 0/01 0/00 
CaO 20/11 20/07 20/48 20/52 20/31 20/48 
Na2O 0/29 0/28 0/29 0/32 0/30 0/29 
K2O 0/00 0/00 0/00 0/00 0/00 0/00 

F 0/00 0/10 0/02 0/01 0/15 0/00 
Total 99/85 99/57 99/42 99/71 99/77 99/52 

 
Si 1/934 1/929 1/909 1/917 1/914 1/914 
Ti 0/018 0/017 0/021 0/019 0/019 0/020 
P 0/001 0/001 0/000 0/001 0/000 0/000 
Al 0/080 0/081 0/111 0/103 0/100 0/112 
Cr 0/000 0/000 0/002 0/001 0/001 0/001 

Fe3+ 0/033 0/066 0/053 0/047 0/089 0/039 
Fe2+ 0/226 0/195 0/189 0/203 0/160 0/213 
Mn 0/009 0/008 0/007 0/006 0/007 0/006 
Mg 0/880 0/874 0/871 0/866 0/869 0/859 
Ni 0/000 0/001 0/001 0/000 0/000 0/000 
Ca 0/797 0/796 0/814 0/814 0/802 0/814 
Na 0/021 0/020 0/021 0/023 0/021 0/021 
K 0/000 0/000 0/000 0/000 0/000 0/000 
F 0/000 0/012 0/002 0/001 0/017 0/000 

Sum 3/999 4/000 4/001 4/001 3/999 3/999 
 

AlIV 0/066 0/071 0/091 0/083 0/086 0/086 
AlVI 0/014 0/010 0/020 0/020 0/014 0/026 

 
MolWo 40/96 41/05 42/09 42/04 41/64 42/15 
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7�&)&�6 �=��3J� 7�
�+$� ��1G+�0 7�&��- 7$�
$ �6�1  ���n + �6�1 �()0 �)]� �z|

MolEn 45/23 45/05 45/04 44/73 45/10 44/48 
MolFs 13/82 13/90 12/87 13/23 13/27 13/37 

;��B%��+�&M(1&)� �&,E(� !�(< =�J=@&��< �$�(O� �� @A0 =B(C� %��+�&M(1&)� =210 �$ �J]4`[.

;��C%��+�&M(1&)� ��(� =�J6��0����$�(HO�Q-J (J = 2Na, Q = Ca + Mg + Fe2+)�� !�D�H5=%�H�+�&M(1&)� @&�H)� =�HJ�@
NH&1� �

%J; �� �$�E �$� 2��&5 ]4`[.

;��D�$�(O� ��Ti + Na + Cr �0 �-�� Al 0&�D#%��+�&M(1&)� ; �&J�� �J�� 7�#� %
�B 21J�]4V[.

=$(Dr�Ti +Al %��+�&M(1&)� �H0 �HJ��,	 H&��&)&H6 
!2  �()-D� 7; �$ �� �0$h� 2�$ +�H0 �H� �HP�1* %H
$ �-�� �0

 ��(< =�J�O5�� c$(�$ �� ?&<�< ��D
$)E&��
f
$NH	$ %��H3�;�M +

�� ��$� �"D�0 �20�
 ]4~�4�[d$�H&&A< �$�(O� �0 �G(< �0 Ti-
AlIV �&��D&< %&
�M 7$N&�(%��+�&M(1&)� �� '�(HG+ �"��H&0 �J
���HH� &��HHD&< =�HHJ('�$�)=(HHE S�HHODG$ �HH0 �HH
 �HH&1O)
$ �HH<
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2)Gx�!��O  �wN&
�M ��w�x �5j
+ !�(< �
�O5�� (�(D3< =�J=�� @A0 =B(C� . . .�zz

�&D1"�(��D&< (�H6$ >16 ��)Q3H �(�H� �H0 72H  �H.�9$ 
���� �2� =�J�06+&�)=�� 2&
�< �&��D&< �( .

/
�(< �$�(O� ��Al +Si %��+�&M ��(� !�(< =�J H6��0��
��(O� !�"
�G c�- $ T8 =a�0 �� �J H8� ��i��H� �$�HE 2H��&5

)Q3 _.(�&,E(� %
$�0�10 8� ��i�%��+�&M(1&)� %
$ H0 �J �
d�(P Q��� �0Si0 +d�(P ��#�0 �0Al (Al IV)�� �M �(  
�O� +2�$(<�07(&<�H� QHq� �HD&	�� �H6 =�HJFe+3 �Ti +Cr 
S�A $�(  .Al �� �H6 �HP�1* �0 !$�OJ �	��$ ��$+ NH&� �HD&	

 ��D8�HH6HH�G+ �#HHJ��HH� 2�(HH  .7$NHH&� %
$�0�HH10Fe3+�� 
%��+�&M(1&)� �$ �,0�< �J�5
52H�N�7$NH&� + 7j&�H�$ Al �� 

�HHH&,E(�HHH�G+ ��HHHi�HHH�G+ �#HHHJ +���HHH6$ �$�(HHHO� 
AlVI + 2Ti + Cr �0 �-�� Na + AlIV %H
$ �"��&0 �H6�*�$

]4_�4U[.��(O� =�&5�$�E T8 =a�0 �� �JFe3+ = 0a�H0 2
(� 
7�(0�5
52�N��6$ 7j&��$)Q3 U(�)HP�	 �0 �G(< �0 +=
�H�(O� TH8 �H0 �HJFe3+ = 0�5
52H�N��D-�H� �(H)-< T&Hr� 
a�0�6.

;��Ed$�&&A< �$�(O� �0 �G(< �0Ti-AllV %��+�&M(1&)� �� @&��D&< %&
�M 7$N&� ����� �(G+ �"��&0 �J @&��D&< =�J �$�)�&1O)
$ (��6$ >16 �
]4X[.

;��F%��+�&M !�(< =�J=��(� 6��0�/
�(< �$�(O� �� Al +Si !�"
�G c�- $ T8 =a�0 �� �G+��i��� �$�E 2��&5 ]4U[.
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7�&)&�6 �=��3J� 7�
�+$� ��1G+�0 7�&��- 7$�
$ �6�1  ���n + �6�1 �()0 �)]� �z{

;��G��(O� =�&5�$�E T8 =a�0 �� �J Fe3+ = 0�� �$�(O�AlVI + 2Ti + Cr �0 �-�� Na + AlIV 7�(0 a�0 =�
(5�5
52�N��6$ 7j&��$
��(O� �)P�	 �0 �G(< �0 +T8 �0 �JFe3+ = 0�5
52�N�a�0 �D-�� �()-< T&r��6]4U[.

?&��<AlVI%��+�&M(1&)� �� %
�B; =�J�u��1i 6��0�-
�J=��$��0 �� F+B �0�]< ��#H	 �0 �D�0$+ �!�$� 7�#� �J �H6$ 
]`W[.@� �
����AlVI �
R+$ �� �H�$��0 =�HJ [H
$� + �HJ HJ=�

�(HH)-< %&
�HHM =�HHJ ��#HH	 �HH0 ��5��HH6 �HHD
��+��HH6$ .�-�HH�
AlVI/AlIV %��+�&M(1&)� %
$ �� �J=��(� 6��0�%&H0 �V/W

�<`W/W�� + !�(0 �&AD� !�D�H5=%�H�+�&M(1&)� ��#H	 =�HJ
 �� �$�E %&
�M ��#	 �< T6(D� 2��&5)Q3H X.(�-�H�4~/W��

%��+�&M �$ �D6� 7; =$�0 �6$ =��� /E$+ 
�J ��6$ %&H0 ��
 T6(D� + %&
�M =�J��#	(~5 Kbar)!2  �()-D� 2H�$ .%H
$ �H0

 %��+�&M(1&)� =$�0 �()-< ��#	 ^�6$ ��(� =�J6��0��G(< �0 
!2  ��
 ��� d�+�]� �� =�&5 �$�E �0��+29 �D�
�0 ~��0()&� 

2 �0 7; �$ �D#&0 �O� �
 .

�$�(O� �0�10SiO2�0 �-�� Al2O3��
�HO5�� �H&J�� �H� 
%��+�&M(1&)� �� �()-D� 7; �$ �J �2�( �&�O)E&��
)+ �Dt&�(<

uJ;��)E&��
(�6$)Q3 �W.(�$�(O�Ca + Na �0 �-�� Ti 
�$�(HHO� +TiO2�HH0 �-�HH� Al2O37�#HH� �Dt&�(HH< �HH&J�� 
�HHH� J�HHH12)Q3HHH ��(.�HHH3&3C< �$�(HHHO� ��Ca-Ti +

Ca – Ti + Cr%��+�&M(1&)� ���O< J(H� 7$2H&� �� �HJ �
$N
 �� �$�E 2��&5)Q3 A,B�4 (�� �H��; Q&3#H< �0 m	$(< �� ��

 �&,E(� [
��&%D8�6��0 �D�0$+ 7�O� �6$.�� %&H1i @J
�$�(O�+��
�< TiO2-Al(Z)%)Al(Z)%:�H&,E(� 2HP�� =�HJ
�G+��i�2 S�A $ !�0'(&1&�(�; (��(O� �� �J!�D�5=�D�0$+ 

�0�� �$�E 7�O� 2��&5)Q3 �`.(

;��H�$�(O� d$�&&A< AlVI �0 �-�� AlIV]`�[=$�0��+$�0%��+�&M(1&)� =�J��#	 !�(< =�J=@A0 =B(C� HP = �a�0 ��#	 7$2&�LP = 
 + %&
�M ��#	 7$2&�MP =T6(D� ��#	 7$2&� .
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2)Gx�!��O  �wN&
�M ��w�x �5j
+ !�(< �
�O5�� (�(D3< =�J=�� @A0 =B(C� . . .�z�

;��,I�$�(O�SiO2�0 �-�� Al2O3�&J�� �&�O)E&��
)+ �Dt&�(<uJ;��)E&��
(%��+�&M(1&)� �� �
�O5�� �� �()-D� 7; �$ �J 2�(  7�#H� $� 
�� 21J�]4�[.

;��,,^�6$ �0 �$�(O�Ti �0 �-�� Ca + Na%��+�&M(1&)� �J�O5����Dt&�(< �&J�� �� 7�#� 2J�]`4[.

;��,3^�6$�0 �$�(O� (A Ca �� �0$�0Ti + Cr (B Ca �0 �-�� Ti Q&3#< T&r�%��+�&M(1&)� �J�
$NJ(� �6��0 ��(� =�6$ ]`4[.

A B
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7�&)&�6 �=��3J� 7�
�+$� ��1G+�0 7�&��- 7$�
$ �6�1  ���n + �6�1 �()0 �)]� �{�

 ;��<J+� �$�(O� �
�<TiO2-Al(Z)%)Al(Z)%:�&,E(� 2P�� =�J�G+��i�!2  S�A $ �06+&�)='(&1&�(�; (��(O� �� �J!�D�5=�0 �D�0$+
�� �$�E 7�O� 2��&5 �&,E(�%��+�&M(1&)� ��(� =�J�06���$�(O� =+� 6�<&O���� =�()-< %��+�&M(1&)� �J]``[.
%	��#
& 

|S(HH-&C�; =�HHJ�()0 �$ �HHL�� =+�0�HH5 !�(HH<�HH�L1� =��(HH� 
�6��0 ��r< N&���; ��+�D3�$ \�$��MN
� 21D	�5 �$�E }
�HD� �� 

S+2G �� �JN&���; %
$x!2  �
$�$ 2�$.�
�&O&H  ?H&��< �H&&A< 
S(H-&C�; �H6��0 ��(HH� =�HJ �HH6$ �H
� d�(HHP �H0 :SiO2%) 

��/~����/~W(�Al2O3%) UX/V�`4/V(�FeO %) 44/�W�

_U/X(�MgO% )4�/�U�U`/�_(�K2O%) ~�/W�~W/W(+
XMg)WWW/��XVU/W.(S(HH-&C�; %HHJ; 7$NHH&� f
$NHH	$ �HH0 �HHJ

Al2O3fJ�� +SiO2�� ��
� �(  .
�$�(HHO� ^�HH6$�0TiO2�HH0 �-�HH�K2O�Na2O�Al2O3�

MgO +Na2O/K2O�0 Q
�O< �O5�� �&J�� �&�O)EH&��
��$� 
]`V[)Q3 �V.(

%�+�3S(-&C�; � �$��MN
� =�JN&���; }
�D� !�(< =�J=��(� =B(C� 6��0�^�6$ �0 4`7j&��$ @<$ .
label Amph-1 Amph-2 Amph-2 Amph-3 Amph-4 Amph-5 

SiO2 50/38 50/54 50/11 50/67 51/16 51/04 
TiO2 1/18 1/08 1/33 1/30 1/08 0/96 

P2O5 0/00 0/03 0/03 0/00 0/03 0/02 
Al2O3 4/49 4/53 4/98 4/44 4/32 4/33 
Cr2O3 0/00 0/00 0/00 0/01 0/02 0/01 

Fe2O3 0/00 0/00 0/00 0/00 0/00 0/00 
FeO 9/92 9/91 10/22 9/88 10/12 9/78 
MnO 0/29 0/25 0/23 0/21 0/29 0/25 

MgO 17/91 18/07 17/83 18/06 18/05 18/21 
NiO 0/00 0/03 0/01 0/01 0/02 0/02 
CaO 11/09 11/07 10/91 11/11 10/99 11/03 

Na2O 1/71 1/71 1/80 1/71 1/70 1/64 
K2O 0/54 0/57 0/58 0/53 0/50 0/50 

F 1/39 1/40 1/39 1/63 1/57 1/60 

Total 98/32 98/60 98/84 98/87 99/19 98/72 
 

Si 7/108 7/106 7/041 7/096 7/135 7/131 

Ti 0/125 0/114 0/141 0/137 0/113 0/101 
P 0/000 0/004 0/004 0/000 0/004 0/002 
Al 0/747 0/751 0/825 0/733 0/710 0/713 

Cr 0/000 0/000 0/000 0/001 0/002 0/001 
Fe3+ 0/966 0/976 0/976 1/065 1/081 1/147 
Fe2+ 0/205 0/189 0/225 0/092 0/100 0/000 

Mn 0/035 0/030 0/027 0/025 0/034 0/030 
Mg 3/767 3/787 3/735 3/771 3/753 3/793 
Ni 0/000 0/003 0/001 0/001 0/002 0/002 

Ca 1/676 1/668 1/642 1/667 1/642 1/651 
Na 0/468 0/466 0/490 0/464 0/460 0/444 
K 0/097 0/102 0/104 0/095 0/089 0/089 

F 0/620 0/623 0/618 0/722 0/692 0/707 
Sum 15/814 15/819 15/829 15/869 15/817 15/811 

 
Al (IV) 0/747 0/751 0/825 0/733 0/710 0/713 
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2)Gx�!��O  �wN&
�M ��w�x �5j
+ !�(< �
�O5�� (�(D3< =�J=�� @A0 =B(C� . . .�{�

Al (VI) 0/000 0/000 0/000 0/000 0/000 0/000 

 

;��,C���$�(O�=�J TiO2�0 �-��o�$ (K2OF �(Na2O� �(MgOd �(Al2O3� + �(Na2O/K2OS(-&C�; N&���; �$ QP�9 �&J�� �J
 �0 �O5���&�O)E&��
�O< 
Q��$� ]`V[.

!�$� S(-&C�; ���� �O&  =�J H&� + �H��; c(� %&&,< �� �JN
%&�� d�-6�r����� %&H�� + �]16��(HY1� �H0 �]16��#H	 

��+$�0 �D	�5 �$�E !��CD6$ ��(� B(C� mO* 2�$.=��D8�H6 S(��	 
=�1-� �0 ���;xw�6$ !2  �-6�r� 7j&��$ @<$ .%&H&,< =$�H0

 =�HJN&���; �$ !��CDH6$ �H0 S(H-&C�; =�J�()0 S(��	 %&&,< + '��
 �HL�� =$!2HH��$��MN
�=�HH�+�D3�$ \+� �]w�[HH&� +N'�HH� �$NHH	$

 PET !2  �D	�5 ��30 2�$ .
=$�HH0 S(HH-&C�; ���HHO< �HHL0$� �HH6��0 ��(HH� =�HHJ=

)Ca + Na)B ≥ 1.00(��H6$ �$�HE�0 $�0�H10
%S(H-&C�; =�HJ
 >16 %
$ �$ !2  N&���; =�J�
+�0�5 NG ZS(-&C�; [&�)� =�J

21D�J .�H31
$ �0 �G(< �0CaB ≥ 1.5+(Na + K)A < 0.50
�"
� ��. �$ + !�(0Ti<0.50  �6$)S+2Gx(S(H-&C�; �=�HJ

>16 =�J�(� �H6��0��$�(HO� ��!�� C�; =2H10 S(H-& �HJ �� �
!�D�HHH5=[&�HHH)� ]w�[HHH� �$�HHHE�5&2HHH�� .��!�� =2HHH10
S(-&C�; �$�(O� =�1-� �0 [&�)� =�JSi �0 �-�� Mg/(Mg 

+ Fe2+)��� !2H  N&���; ���� !�D�H5=2H1)-��(J(
N&1� �$�HE 

�� 2��&5)Q3 �~(.7$N&�MgO S(-&C�; %
$ �� �0 �-�� �J
FeO* ��&�0 a�H0 �HJ�()0 %H
$ + !�(H0 H0��$ �H1e d2H Mg 
21D�J .7$N&�Mg# (Mg/Mg + Fe2+)�$ z�/��&&A< [
 �<

�� 21� .
D-q� �"D�-OJ�%&0 Ti +AlIV =�(. �0 ���$� �(G+ �H�

 fJ�� �0AlIV �Ti �� @� N&� f
$NH	$ QHP�9 �H� �( Si �� 
�O5�� �()-< �	�#&M + �()0 ��D8�6�6)Q3 ���]`V[.( 
&C�; =�J�()0 �O&  ?&��< �H� S(- !2H1J� 7�#H� 2H�$(<=

T
$� �5
52�N�2 �0 �O5�� 7j&��$ +=�H1-� �0 ]`�V[+�H&N
7$NHH&� �HH0 �HHG(< �HH0Fe#  (= Fe/Mg + Fe)  �-�HH� +
Fe3+/(Fe3++Fe2+)���5 7$(<
52�N���+;�0 $� 7j&��$�n�.

�5$ ���9 %
$ ��Fe# �� !�D�5=◦�<�/W7�#H� ��H&5 �$�HE 
!21J�=�5
52�N�a�0 =�H0 �H0$�0 7; �$2�� �5$ + !�(0 7j&��$ 

�/W�<U/W2 �0 �5
52�N��H< �3&<�(HP �� + �H6$ T6(D��
�2 �0�5
52�N��(0 2J$(8 %&
�M .�
�&O&H  ?&��< �0 �G(< �0

 !�(< S(-&C�; =�J�()0=��(� 6��0��7$N&� Fe# �H0 �H0$�0 4/W

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                            11 / 17

http://ijcm.ir/article-1-287-fa.html


7�&)&�6 �=��3J� 7�
�+$� ��1G+�0 7�&��- 7$�
$ �6�1  ���n + �6�1 �()0 �)]� �{x

 �q�$29 �<V/T
$�  �"��&0 + !�(0 �5
52�N�H�$ a�0 7j&� �H6 .
�0 c(�(� %
$�5
52�N�!2�; �620 7j&��$�06+&�)=�O&  

%��+�&M(1&)� �����$(�OJ���$� .

;��,D�O�
f,E(� &�0��D�$ =�J�()0 �C�; &S(- �$ !�(< =�J+�0�5=@A0 ��< �$�(O� =+� &@C�; =210 &S(-�)n =�J &�]`~[.

;��,E%&0 Ti +AlIV �$ 7�#� �� ��$� �(G+ �-q� �"D�-OJ f
$N	$ Si �O5�� �()-< �	�#&M + �()0 ��D8�6 �� �6.

K�L�+*2 ��
d��62)	 ���� �O&  ?&��< >16 =�J ��(H� =�HJ H6��0���

S+2G`�H6$ !2H  �
$�$ .�H� �HY9:� �H3��1i (H  ���HO< �
d��62)	 ��+� �a(O,� + !�(0 �:�(
R:M ��J 2H�$ �; ?H&��< +�$ �H�

An90.1Ab10.2Or0.1 �HHHH< �D�HHHHJ �� An47.5Ab51.6Or0.7 �� 
�H6$ �&AD� �& �9 .�H� �HY9:� �H3��1i (H  (HDr� �$=Or 

�0 �q�$29 �& �9 �� + !�(0 N&i�� ��-
��< �D�J �� �J�:�(
R:M
_/W�� ���+ 2P�� 26� .�D�HJ �
�&O&H  ?H&��< �0 �G(< �0�

��(� =�J�:�(
R:M6��0�0H&D�H5 �� �D#!�=�� + �H&�(D&0 
�� �& �9!�D�5=�� �$�E %
�2�; �< �
�+�$�0a 2��&5)Q3H 

�U .( �H&�+$ =��0 =�J�:�(
R:M %
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2)Gx�!��O  �wN&
�M ��w�x �5j
+ !�(< �
�O5�� (�(D3< =�J=�� @A0 =B(C� . . .�{w

�� !�(H0 =��0 =�J�:�(
R:M 72  �D
�(6(6 QP�9 �� 2�( 
�$ �HH��; ?HH&��< +An12.9Ab86.0Or0.7 �HH< An9.0Ab90.4Or1.0 

�� �6$ �&AD�0&!�D�5 �� �D#=2��&5 �� �$�E �&-�; )Q3 
�_.(

%�+�B!�(< =�J�:�(
R:M � �$��MN
� =�JN&���; }
�D�=��(� =B(C� 6��0�^�6$ �0 U7j&��$ @<$ .
Label P-1 P-2 P-3 P-4 P-5 P-6 P-7 P-8 P-9 P-10 P-11 P-12

Remark core core core core core rim rim rim rim rep rep rep
SiO2 45/14 45/28 45/75 45/66 46/55 47/67 52/72 54/12 55/88 65/07 65/73 66/16 
TiO2 0/01 0/04 0/03 0/01 0/04 0/03 0/08 0/05 0/06 0/00 0/00 0/00 
P2O5 0/00 0/00 0/00 0/01 0/01 0/00 0/01 0/03 0/02 0/02 0/00 0/01 
Al2O3 34/27 34/21 34/01 34/04 33/40 32/07 29/42 28/31 27/41 21/89 21/19 21/05 
Cr2O3 0/00 0/00 0/01 0/01 0/00 0/00 0/00 0/01 0/01 0/00 0/02 0/01 
Fe2O3 0/53 0/60 0/59 0/59 0/69 0/70 0/69 0/57 0/48 0/14 0/14 0/09 
FeO 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 0/00 
MnO 0/02 0/00 0/00 0/03 0/00 0/01 0/00 0/00 0/03 0/00 0/02 0/00 
MgO 0/02 0/04 0/03 0/02 0/04 0/04 0/06 0/04 0/07 0/01 0/01 0/01 
NiO 0/01 0/00 0/00 0/00 0/02 0/00 0/00 0/01 0/00 0/01 0/00 0/00 
CaO 18/07 17/97 17/46 17/71 17/12 15/88 12/48 11/05 9/82 2/73 2/36 1/91 
Na2O 1/13 1/17 1/39 1/29 1/66 2/30 4/40 5/16 5/90 10/08 10/11 10/62 
K2O 0/01 0/01 0/01 0/01 0/01 0/03 0/09 0/13 0/13 0/12 0/16 0/17 

F 0/01 0/09 0/07 0/06 0/00 0/06 0/00 0/00 0/00 0/00 0/00 0/00 
Total 99/22 99/37 99/32 99/41 99/54 98/77 99/95 99/48 99/81 100/07 99/74 100/03 

 
Si 2/100 2/103 2/122 2/118 2/152 2/215 2/394 2/459 2/521 2/863 2/896 2/906 
Ti 0/000 0/001 0/001 0/000 0/001 0/001 0/003 0/002 0/002 0/000 0/000 0/000 
P 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/001 0/001 0/001 0/000 0/000 
Al 1/879 1/873 1/859 1/861 1/820 1/756 1/575 1/516 1/457 1/135 1/100 1/090 
Cr 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/001 0/000 

Fe3 0/019 0/021 0/021 0/021 0/024 0/024 0/024 0/019 0/016 0/005 0/005 0/003 
Fe2 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/000 0/000 
Mn 0/001 0/000 0/000 0/001 0/000 0/000 0/000 0/000 0/001 0/000 0/001 0/000 
Mg 0/001 0/003 0/002 0/001 0/003 0/003 0/004 0/003 0/005 0/001 0/001 0/001 
Ni 0/000 0/000 0/000 0/000 0/001 0/000 0/000 0/000 0/000 0/000 0/000 0/000 
Ca 0/901 0/894 0/868 0/880 0/848 0/790 0/607 0/538 0/475 0/129 0/111 0/090 
Na 0/102 0/105 0/125 0/116 0/149 0/207 0/387 0/455 0/516 0/860 0/864 0/904 
K 0/001 0/001 0/001 0/001 0/001 0/002 0/005 0/008 0/007 0/007 0/009 0/010 
F 0/001 0/013 0/010 0/009 0/000 0/009 0/000 0/000 0/000 0/000 0/000 0/000 

Sum 5/005 5/014 5/009 5/008 4/999 5/007 4/999 5/001 5/001 5/001 4/988 5/004 
 

X An 90/1 89/4 86/8 88/0 84/8 79/0 60/7 53/8 47/5 12/9 11/1 9/0 
X Ab 10/2 10/5 12/5 11/6 14/9 20/7 38/7 45/5 51/6 86/0 86/4 90/4 
X Or 0/1 0/1 0/1 0/1 0/1 0/2 0/5 0/8 0/7 0/7 0/9 1/0 

Core: �D�J� rim: �& �9� rep: �1&#��G 
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