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Department of Geology, Faculty of Scinces University of Isfahan 
 

Abstract: Eocene volcanic rocks in NE of Ordib, have a very good exposures near and along the 
Turkmeni-Ordib fault. These rocks, that are situated in the inner part of the Central Iran and 
margin of the Yazd block, comprise trachyte, trachy-andesite and basaltic trachy-andesite. 
Trachy-andesite is the pervasive rock unit. Rock forming minerals of these rocks are chloritized 
olivine, plagioclase, pyroxene, mica, amphibole, K-feldspar, quartz, ilmenite, magnetite and 
calcite. The most important mineralogical characteristics of the studied trachy-andesites are wide 
range of minerals in one rock sample, including two types of clinopyroxene, mica, plagioclase, 
sanidine, formation of reactionic clinopyroxene and calcite around the quartz, and oscillatory 
zoning of feldspars and amphiboles. Chemistry of clinopyroxenes and biotites with whole rock 
geochemical analyses, reveal that these rocks are similar to the continental volcanic arc rocks. 
Petrography and mineral chemistry demonstrate the magma mixing occurrence in formation of 
these rocks.   

Keywords: Petrology, Eocene volcanic rocks, magma mixing, Ordib. 
 

� �������	
 � �
	� ��
���� � ����� ��
�� ���� �� �� ����  ��!���� "�	# $�%�&'!(�
)� &� .

*Corresponding author, Tel.: +98 (0311) 7932165, Fax:+98 (0311) 7932152, E-mail: Torabighodrat@yahoo.com 
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             1 / 16

http://ijcm.ir/article-1-549-en.html


)����� �	�
��:�/��/����
��� ���� :��/�/��(

+!� �',�!
 +!�-����� .&/ ��	
 0��)� ���1�1#2 $�% 

)4�5��� 4�'�� 6&
 ��	
(

�8�&# 9��:*���; <
�&

 =>&� ?

����  !"#$�%� �&��'(% !�)$�%��*�+, -.�/ 0�1.

��
��:3+* 4
��5% 6�7*5� 89: ;�<, �� �=+<>9? @�A �1 B
�C� 5 �7*%� �� -*�D% ���$'$?E 6�FG6�=F�C�591 6%�%� 4=
��5% 
"+7�F �1�H ��.�1 .3+* -
% 0�1 �� �> �F �
/"=�E �=>%9? @��=, 97$=.1 �"=��%� �%9=I �C
 J��1 �.,�K 5 6C>9� &%9
% ��5�� 6�F

 >%9? 5 �
/"�E �>%9? ��7�%/�1 "+7�F �. .�
/"�E �>%9?"��%� %� ��%5%9	 -
97$.1 �F .���=> 97$=.1 3+=* -=
% L"=+F� @.#$=? 6�=F �=F
-
�.�% �=*% �.�=�> 5 �=.7+)� ��=.+<�
% �C?�%�=> �M.*�7N ��O*"�	 �;�P.'�E ��#.� �-�>59.N �/Q>�
RQN ��7
9�> 6�F .-
9=7<�� /%
�AS
5 ���> 6�F �
/"�E �>%9? �*�+, *�91 ���� 6�F �� �!�97�A T.U ��V5 �1 &%�? ���=> /% 6% W�=� 5� ��=V5 �3+=* B=
 �� �=F

 -�>59.N�+.�> 5 �.��> @.#$? �-
".��* W�� 5� �/Q>�
RQN W�� 5� ��#.� W�� 5� �-�>59.N�+.�> 5 ��=FC?�%�> &�=�%9.N �$=+>%5 6�F
 ;�P.'�E 5 �F��O*"�	 �� ���*�� 6"+1 ��X+��9> !��,% �F .+.�> �<., �*�91-�>59.N��.?�.1 5 �F &�$=� �@> 3+* C.���E �1 !%9<F �F

 3+* -
% �F�P, /% 3+* �1 �F Y�I 6�F !��I ���$'$?E 6�F ���=> 5 �7H�+=, 3+=* "F%�, 5 �7,%� 6% �%"=H� 9)��=.1 C=.� �=*�+,
&E @.#$? ��)+F �<A�� 5� ZQ7H%�*�F.

�A��$�
�( $�% :3+*���$'$?E ��*�+,� -7�.�E �-*�D% 6�F4
��5% ��
�<A�.

� �B  
!�97�A B, �1 �.��[	 -
9? �� &%9=
% -.�/9* ���$'$?E 6�F

 �=� %� �=F�N�#? -=
% ��=\E 5 !�%� ]� -*�D% &��/ ��=<? �� &%�=?
0�1 �9> !"F�$� ^%� �O> 5 Y9A%/ CV &%9
% 6�F)@#=,_.(
3+* /% �=P.>9? L�97�=A T=.U 6%�%� -=*�D% ���$'$?E 6�F

 % 91% �? W�P,% �`? 69=* �=1 97$.1 5 !��1 W�P, �
�=<A�� 6�=F
�#FEG�7�1%5 �7.��,�, �? �
�.�I "�% .3+=* �=1 &�.� -
% ��-

�.�5�% &5/ �� ��V�� 6�F–!", 697$.1 �V�? /9P�% 5 97H� 
�P+V 5&E T=�7�� 6�F ���=� 6��=
/ ��.�=1 �%9=	% b=*�? �=F

�*�91 3+* 6�F �7	9A �%9I �*�+,"�% .3+* ��5 ��=V�� 6�F
��0�1 !", �*�91 97<> 6C>9� &%9
% �I9, 5 ���.� 6�F"�% .

c7==*�N &5�� /% ��7==,�A /% �==7	9A91 �7�%/�==1 6�==F�<A�� ��==P 
 !��I M.�d 3+* 85e �6% !��I c7*�N 6�F ���#?��E �%"H� 5 6%

 -.=K �
�=<A�� fC=.�E 5 0
gE 5 �6".*% 6�F�<A�� @.#$?
 3+* �� C.� �F�<A�� ��[( 0�1 ���$'$?E 6�F �='�7�� 6�F

�*% �7	9A �%9I f�#+> ���� &%9
% -.�/9* /% .
0==�1 �� ;�<==, 5 4==
��5% 6�7==*5� �I9==, ;�<==, 6�==F

 &�V9��)&��'(% &�7*% h9, ;�<, (@�A c.,�K 5 �7*%� �� 5

*-'�? �;�i�� !"+�
�� :jk���lm)no__ (k�+91�<� �:jk���m�)���� (k�+�#.�597#�% ��N �Torabighodrat@yahoo.com 

;�*MF"'F L��<, �q�&�7��/ ��c`'( /% �r_s�?m�q

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             2 / 16

http://ijcm.ir/article-1-549-en.html


"�V_�!��<, �t&�7��/ �_o�� 3+* �7H�+, 3+*4
��5% 89: ;�<, -*�D% ���$'$?E 6�F . . .m��

�+<>9?–3+* 4
��5% ��.�1 4.>9? �1 -*�D% ���$'$?E 6�F
 6%�%� �=.>%9? 5 �
/"�E �>%9? ��7�%/�1 �
/"�E �>%9? L�97�A

&�<+H� "+7�F �1�H ��.�1 6�F)@#,u] (_.[&�=.� -=
% ��
3+* "��%� %� ��%5%9	 -
97$.1 �7
/"�E �>%9? 6�F .�=�X+� -
%

 -.�/ x�<.��? �� % �*�+, 5 !��=1 6C=>9� &%9
% /% �
CV &%9

 ��%� �%9I �C
 J��1 �I9, c.,�K �� .3+=* -=* -.=.[? 6�=F

 f5� /% !��'7=*% �=1 ��X+� -
% �� �*�91 ����K-Ar b=*�? 
-.�/ ;��[� �+* �*5� &�*�+,ro�=*� �=1 %� ;�* &�.�.� 

3+* -
% y�[? 9)��.1 �> �*% !�%� �=*% �+.
�=N -=*�D% �1 �F
]u.[9`( 9
5�z? 3+* �
% @#, �� �*�91 ���� 6�Fo&�$=� 

!", !�%�"�% .
-.�/ LS
5 �.[I�� @.�� �1 c.K�� �� ��*�+, �=*�91 ����

@�A 5 �"[7� 6�F �*% !"F�$� @1�I � �+7� ��.�=1 0=�� �> 
���=*9A� ����$='$?E "+
%9	 �� �<�� @.#$=? 5 �6"=[1 6�=F

 �7,%� 3+7� !�> 5 &�V9�� ;�<, �� �.��7+1 &��[�"�% .M=��-
�=+<>9? @�=A �=*�91 ���=� ��X+� �� ��V�� @�A -
9?–

@�A 5 !��1 4
��5% 0�1 �� ��5"N�{ 5 �d�.1 6�F �1�+V 6�F
 "=��%� �%9I c�X+� .@�=A ;�=U �=+<>9?–4=
��5% =.K�� ��c

|���%–�5"K �� ��H �l� 5 97��=�.} 6�7=*%� &E �=P
9�? �=1
 ~�C=1 9
�} @�A x%/%��(N65) �=*% .�=*�91 6�=F -.=�/-
�� &�$� 6��7H�* �*�+, �> "F� ��
/ ;�<7K% �1 -=
% @�=A

 �=1 5 �=7	�
 �=�%�% 97���.} �F"( ;�U �� h9, ;�<, 6�* �1
 @�A &5/ �==19? 5 9<=,�} �1�=+V �==K%�� 5 !�=} �1/% 6�F

 �� �
�".K�"��.N]�[.;�U W�<�� !"=, ��
 0�1 �5"=K �� 
ll� 97���.} �*% =
�� �9�9?%�=} 0=,�N @.�� �1 �} �� &E �1�

0�1 @�$� 9
�} �,� �1�+V 6�F�*% .�� %� @�A -
% &%�?
 �	9A 9�� �� ��R c��A �
 &%�+  �1 .�=19: 8�+V 0�1 ��

 �� !"F�$� �+<}9? �,91 &5/ @�A -
%�,�.�,91 &5/ -=
%
 ���A9A� �� |��=�% 6�F)�19A !�{ !59A !S
5 �1 (!�%"H� 5 �*% 

5 x"=, ��`� �1�)��){ ==��, 9=A� �=.<F% �==1 ��=.�=1 ��
�*% .|���% �.*�� �I9, 5 �1�+V /9� @�A -
%–5 �*% ��H 

3+�N !�{ &5/ /% %� &E–�� %"V �d�.1 "+} .���A &5/ 6�+�N
 9=..�? 97��=�.} "=+{ �=
 5� �1 Z��� �H91 �� �97� "( "+{ /%

��"+}]�[.-�N 0�1 -
9? 0�1 ����A &5/ 6�F ;�<=, 6�F
 h9,)91 ���� ��X+��*� (�*% �19: 8�+V 5.0�1 �� 6�=F

 �X+� �� ��19: 8�+Vc1 ���A &5/ ��+<}9? �����} �x��=(
 |��1 /% !".�.N �<7�.* �H�* 5 �F /% �=P.}9? �} ���	 6�F

3+* �=� �� ��*% &R�i��N �? �
g�1 �.D5/59?59N 6�F "=
E .��
0�1 =1 5 �=7	�
 0F�=} @�A fC�� �X* ��I9, ;�<, 6�F �
x��(�7,�6%/%���, @�A 5 �F 6�F���<[� /% �=} �={�} 

�� �5� 9)
"�
�� �� "��,"
E]�[.
M�� /%9?
�*�91 --.�/ 6�F c�X+� �� &�+> �? �> �*�+,

 �� �*% �7	9A x��( ��H �? J���% �*�91 �1 &%�? 6�=F]�Gq[
-.=�/ �
�=�� f�%C=A 4.?9? �1 &E �U �> �9> !��,% ��=*�+,

�$�� -.�/ 6�F +� �*�+, -.�/ ���X 6/�=*/�1 5 �=.K�� �7H�*
-.�/ �7,�A�*% !".*� ����% �1 &E �*�+,.

3+* �*�91 �1 �$F5SN ��> -
% �� -=*�D% ���$'$?E 6�F
 0�1 �� ��V�� @�=A &�=�%9.N 5 4=
��5% �I9=, ;�<=, 6�F

 �+<>9?–�*% !", �7H%�9N 4
��5% .

��
CM��9?
&�<+H� -�F63+* �F6��$'$?E �*�D% % -
[I�� 5 &%9.*�91 ���� c�X+� ��.+<>9? @�A�G��5% 
4(TOF)�> @�A 5 �
9
~�C1)��5�� ((GKF)�.!", ��$� @#, �� C"�%.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             3 / 16

http://ijcm.ir/article-1-549-en.html


!�%/ �,�9., ��1%9? &%9
% �*�+, ���> 5 �*�+,���1 ���� m��

MehrjanOrdib

Turkmeni-Ordib Fault

N

Road

Fault

Pliocene
conglomerate
Upper-Red
formation
Eocene
volcanics
Cretaceous
limestone

33o 30'

33o 45'

55o 00' 55o 15'

��
D�/ c$�� .-*�+,���5% h9, ;�<, ��X+� L", !��* 
4)&��'(% &�7*% h9, ;�<,) (/% �7	9A91]_[�? �1 �..x%9 .( 

A B

B C

D E

��
E5�z? 
%9`( 9�
�F 3+* 6��$'$?E �*�91 ���� �.�z?
�F96D5E��7+1 &"[� .� &�$� %� &�V9�� ��"+F� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             4 / 16

http://ijcm.ir/article-1-549-en.html


"�V_�!��<, �t&�7��/ �_o�� 3+* �7H�+, 3+*4
��5% 89: ;�<, -*�D% ���$'$?E 6�F . . .m��

��( F�� 
3+* �*�91 ���+� �1 �=*�91 �9=�� ���� ���$'$?E 6�F 6�=F

-.�/ ���<� 5 �
%9`( �*�+, ��
 ���$'$?E 6�F"K%5 /% 6�%�91
 �7H�+=, 3+* �J/�� �U��� �.�? /% �N 5 �	9A x��( !",

 ���} 5E �=*�+,&"=, ��=��% �=F .�91 /% �=N �=* 3+=* 6�=F
 ���<� /% ��7H�+, 5 !"=, �.�? ���.( |/�� �X�� 4*�+� 6�F

���} &E �� ��V�� 6�F �=�597#�% L"=�/%�9N C=
� /% !��'7*% �1 �F 
Cameca SX-100 8�7, R�7�5 �1 &�<�E �5���F C.+P.� !�)$�%� 

L"+F� kV�� &�
9V x", �nA�m f��<, &��/ �m���=.��\ 
��597#�% W�[, 5µmo��"=+7	9A �%9I �*�91 ��.cP=*�`� �� 

���> ���
�N 6�F��  -..[? 5 6��7H�* ;��9	0
%"V C.� 5 �F 

Fe2+5Fe3+&E�P�� /% �F ��+=* 9z+  /% @(�K 6�F]m[5
�%C	% �9�Minpet ", !��'7*% .�=X�� C.���E �
�7� cP=*�`� 5 6%

 ���> 6��7H�* ;��9	 3+* �� ��V�� 6�F �=*�91 ���=� 6�=F
�� ;5"V 6�F��?j�=*% !", !��5E .l3+=* /% �=��<� 6�=F

 �=1 &��'=(% !�)$=�%� 6C=>9� !�)$=
��/E �� C=.� �=*�91 ����
 !�)7*� /% !��'7*%XRF ;"� S4 PIONEER �>9, �H�* 

Brucker "�", C.���E &�<�E .�
�.<., C.���E�3+* /% ���<� -
-.=�/ b=*�? !"=, �*�91 ���$'$?E 6�F �� �=*5� &�=*�+,

N�=	9A �%9=I !��'7*% ���� C.� x��O�>%�+#? LR59 .0
�=<� ��
 ���=> ��=� c=(QH 5 �N�#*59#.� 9
5�z? �=P+� /% C=.� �=F]�[

", !��'7*%.

���GC�7� 
���E �.�X�� C%6�>.N�+.P*�`� 5 -�>59c��7H�* ;��9	 6&E.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total 

_ ��/ro __/n ur/n n_/n �t/� un/n n_/_r ru/uu rt/n nu/n o�/_nn
u �u/ro ns/n u�/n nu/n so/� ur/n u�/_r n�/uu tr/n nu/n __/ss

�n� 
Reactionic 

Clinopyroxenes � �u/ro _t/n o�/n nt/n �t/� _t/n un/_r ��/u_ ru/n nn/n ou/_nn

__ ��/ru u�/n sn/_ nn/n ��/� _�/n s_/_r �s/u_ tu/n no/n �t/ss
un. t�/ru on/n st/u _n/n _s/r n�/n �n/_r tn/uu �u/n n_/n s_/ss
u_ oo/ru u�/n s_/u _o/n nt/r nu/n r�/_r u_/uu r�/n nn/n nr/ss
uu tr/ru u�/n s�/u ur/n �o/t _r/n no/_� ��/u_ �s/n nn/n oo/ss
us ss/r_ os/n o�/o u_/n us/r _n/n _u/_� nu/uu r_/n n_/n nn/_nn
on __/r_ to/n u�/t n�/n or/� __/n �s/_t tu/u_ ��/n nn/n oo/ss
o_ �t/ru ur/n ��/u no/n ��/r _�/n _t/_� un/u_ �t/n nn/n �o/ss
ou ro/ru ur/n �_/u n�/n nt/� n�/n nr/_� s_/u_ rs/n nn/n ut/_nn
ot �_/r_ os/n o�/o _�/n rs/r _o/n st/_r or/_r r�/n nn/n oo/_nn

�n� 
Clinopyroxene 

phenocryst 

or sr/ru oo/n _t/u nr/n ss/r _s/n _�/_� �u/u_ oo/n n_/n �s/ss
CPX zoning (�n�) Point SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O K2O Total 

CPX-Core tr nu/t� ur/_ u�/� nn/n u�/_n __/n o�/_n ou/uu �o/n n_/n oo/ss
CPX-Rim t� t_/r_ t�/n �n/o _o/n st/r n�/n ��/_r n�/uu rt/n no/n _u/_nn

Structural formula based on the 6 Oxygens 
Sample Point Si AlIV AlVI Ti Cr Fe 2+ Fe 3+ Mn Mg Ca Na K Total WO EN FS 

_ ss/_ n_/n nn/n nn/n nn/n _s/n nr/n n_/n �o/n �/n nt/n nn/n nn/t oo/tr nt/tu �t/_u
u s�/_ nu/n nn/n nn/n nn/n u_/n nr/n nn/n �t/n ��/n nt/n nn/n nn/t �u.tu r�/tu �n/_o

�n� 
Reactionic 

Clinopyroxenes � nn/u nn/n n_/n nn/n nn/n un/n nu/n n_/n �r/n ��/n no/n nn/n nn/t _t/tr tn/to t�/__

__ st/_ n�/n nu/n n_/n nn/n _r/n nr/n n_/n ��/n ��/n no/n nn/n nn/t __/tt nu/tr ��/_n
un su/_ n�/n nr/n n_/n nn/n _n/n n�/n nn/n ��/n ��/n nt/n nn/n nn/t _s/t� oo/tr t�/�
u_ so/_ n�/n n�/n n_/n nn/n _u/n no/n nn/n ��/n ��/n nt/n nn/n nn/t t�/t� u�/tr u�/�
uu su/_ n�/n nr/n n_/n nn/n n_/n nr/n n_/n ��/n �r/n nr/n nn/n nn/t _�/tr �r/t� _n/�
us sn/_ _n/n nt/n n_/n n_/n ns/n n�/n nn/n ��/n ��/n nt/n nn/n nn/t u�/tr _n/t� �r/�
on ��/_ _u/n n�/n n_/n n_/n __/n n�/n nn/n �_/n �r/n n�/n nn/n nn/t ro/tr �r/to �u/_n
o_ so/_ n�/n nr/n n_/n nn/n _o/n nr/n n_/n ��/n �o/n nr/n nn/n nn/t �o/to to/t� �r/s
ou su/_ n�/n no/n n_/n nn/n __/n n�/n nn/n ��/n ��/n nt/n nn/n nn/t �n/tt r�/tr �r/s
ot �s/_ __/n no/n n_/n nn/n n�/n ns/n nn/n ��/n ��/n nt/n nn/n nn/t �u/tr u�/tr _u/s

�n� 
Clinopyroxene 

phenocryst 

or sr/_ nr/n nt/n n_/n n_/n _�/n nu/n n_/n �s/n �r/n nu/n nn/n nn/t _�/tt s�/tr ��/s
CPX Zoning (�n�) Point Si AlIV AlVI Ti Cr Fe 2+ Fe 3+ Mn Mg Ca Na K Total WO EN FS 

CPX-Core tr �o/_ u�/n _n/n nt/n nn/n _�/n _r/n nn/n r�/n sn/n nr/n nn/n nn/t ��/ts un/ou nr/_�
CPX-Rim t� ��/_ _u/n nt/n n_/n nn/n ns/n ns/n nn/n ��/n ��/n nt/n nn/n nn/t ou/tr no/tr �r/s
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!�%/ �,�9., ��1%9? &%9
% �*�+, ���> 5 �*�+,���1 ���� m�q

 ���GD�7�
���E �.�X�� C%6'�E .;�PP*�`� 5 �Fc��7H�* ;��9	 6&E�F.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total
�n� u� ��/to t�/_ ro/_u _n/n �u/� nr/n �s/_r �o/__ u�/u ��/_ ss/s�
�n� u� ��/to tu/_ t�/_u n_/n �r/� __/n _�/_� �u/__ ut/u �_/_ nn/s�
�n� u� oo/to rn/_ �t/_u n�/n ss/� _t/n __/_� u�/__ __/u ��/_ n_/s�

Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O K2O Total
o�-Core tu/to �_/_ o�/_o nn/n u_/s nt/n ru/_r ��/_n �r/u uu/_ nn/s�

o� uu/to r�/_ uu/_o n�/n _s/_n n�/n n�/_r s�/_n t�/u _�/_ s�/s�
os r�/tn ��/_ �n/_t no/n �n/_o n�/n ��/__ o�/__ ru/u oo/_ n_/s�
tn u_/os s�/_ �s/_r nn/n t�/_� un/n �u/s s�/_n tu/u t�/_ nn/s�
t_ t_/_o �n/_ ��/_o nn/n �n/_r u�/n �s/_n �u/_n os/u uu/_ nn/s�
tu _o/tu �u/_ _�/_o nn/n �o/_u uu/n �n/_u ��/__ u�/u _�/_ n_/s�
to su/to �s/_ ut/__ nu/n ru/s _t/n �u/_r ns/_u u�/u _s/_ nn/s�

�n� 
Zoning of an 

amphibole from 
core to rim 

tt-Rim tr/to s�/_ _n/__ n_/n �o/_n uu/n to/_r ��/__ oo/u _t/_ n�/s�
Structural formula based on the 23 Oxygens 

Sample Point Si Ti Al IV Al VI Cr Fe 2+ Fe 3+ Mn Mg Ca Na K Total 
�n� u� u�/� _�/n �u/_ tn/n n_/n r�/n t�/n n_/n o�/o �s/_ �o/n o_/n �o/_r
�n� u� ur/� _r/n �r/_ or/n nn/n t�/n r�/n n_/n tr/o ��/_ ��/n on/n �t/_r
�n� u� _�/� _�/n �o/_ oo/n n_/n uu/n �r/n nu/n tu/o �u/_ r�/n on/n �n/_r

Sample Point Si Ti Al IV Al VI Cr Fe 2+ Fe 3+ Mn Mg Ca Na K Total 
o�-Core _�/� _�/n �u/_ tu/n nn/n ot/n ��/n n_/n us/o ��/_ �o/n uu/n �_/_r

o� _�/� _�/n �o/_ os/n n_/n o�/n �r/n n_/n u_/o ��/_ ��/n u_/n r�/_r
os s�/r u_/n no/u ro/n nn/n _r/_ rr/n n_/n r�/u �s/_ �u/n ur/n ��/_r
tn �o/r uu/n _�/u r�/n nn/n o�/_ ��/n no/n _o/u �r/_ �n/n u�/n �u/_r
t_ n�/� un/n st/_ tr/n nn/n _�/_ ��/n nt/n o�/u �_/_ ��/n uo/n �u/_r
tu _�/� _s/n �t/_ to/n nn/n nr/_ ru/n no/n �s/u �o/_ �t/n uu/n �s/_r
to oo/� _s/n ��/_ ut/n nn/n �n/n tr/n nu/n tn/o ��/_ �t/n uu/n �u/_r

�n� 
Zoning of an 

amphibole from 
core to rim 

tt-Rim u�/� u_/n �o/_ _�/n nn/n �t/n �t/n no/n ou/o �u/_ �r/n u_/n ��/_r

���GE�7� 
���E �.�X�� C%6x�O*"�	 P*�`� 5 �Fc��7H�* ;��9	 6&E�F.RQN W�� 5� ��V5
��* W�� 5� 5 /Q>�."
% �� -=
3+=* -=1 �=F�1�=H�
�*% ��$� .�#��+{ � ����� -7� �� .>%9? �� �*% !", !��5E C�/"�E 
��F6���E .x�O*"�	 �!", C�F6*�7N .RQN 5 M
�/ �=1 �5"`� �F/Q>�.=+c
"+7�F 3+* .

Sample Point Mineral SiO2 TiO2 Al2O3 FeO* MnO MgO CaO Na2O K2O Total
�n� _o Plagioclase s_/�_ nn/n o�/uo ts/n nu/n nn/n o�/r �u/� ss/n sr/ss
�n� _� Plagioclase us/�_ nn/n �o/uo u�/n n�/n n_/n u�/r �r/� nn/_ _s/ss
�n� u� Plagioclase s�/�_ nn/n ts/uo tr/n nn/n nn/n us/r �n/� s�/n ss/ss

�n� _u Plagioclase o�/rt nu/n u�/u� �_/n nn/n nu/n r�/_n nt/r or/n tt/ss
�n� ut Plagioclase u�/rr n�/n __/u� �o/n nn/n n�/n nt/_n o�/r �o/n _�/ss
�n� ur Plagioclase u_/rr n�/n n/u� �u/n nr/n no/n sr/s tr/r �r/n nr/ss
�n� t Plagioclase os/rr nt/n uo/u� �r/n nn/n no/n r_/s �o/r t_/n ns/ss
�n� t� Plagioclase �s/r� no/n �t/u� ��/n nu/n nu/n ��/� �r/r r�/n rt/ss

�n� _n Sanidine _�/�t __/n ��/_s �n/n no/n nu/n �u/_ ��/r so/� nt/ss
�n� _t Sanidine �o/�t n�/n �s/_s r_/n n_/n nn/n o�/_ tr/r �u/� �t/ss
�n� oo Sanidine rr/�t _n/n ��/_s r�/n no/n nn/n t�/_ tu/r t�/� t�/ss

�n� _r Sanidine �r/�t ns/n oo/_s t_/n nt/n nn/n n�/_ �r/t sn/� or/ss
�n� _� Sanidine rs/�t n�/n oo/_s tt/n nr/n n_/n __/_ ��/t r�/� no/ss
�n� _� Sanidine oo/�r n�/n no/_s rn/n nn/n nn/n st/n ��/t �u/� r�/ss
�n� uo Sanidine t�/�t __/n s�/_� ��/n nn/n no/n s�/n t_/t os/s n_/ss

Sample Point Mineral Si Ti Al Fe2+ Fe3+ Mn Mg Ca Na K
�n� _o Plagioclase ��/u nn/n uo/_ nu/n nn/n nn/n nn/n u�/n ��/n n�/n
�n� _� Plagioclase �r/u nn/n ur/_ n_/n nn/n nn/n nn/n ur/n ��/n n�/n
�n� u� Plagioclase ��/u nn/n uo/_ nu/n nn/n nn/n nn/n ur/n ��/n n�/n

�n� _u Plagioclase t�/u nn/n r_/_ no/n nn/n nn/n nn/n ru/n tt/n nu/n
�n� ut Plagioclase ru/u nn/n t�/_ nu/n nn/n nn/n n_/n ts/n t�/n nt/n
�n� ur Plagioclase ru/u nn/n tr/_ nu/n nn/n nn/n nn/n ts/n t�/n nt/n
�n� t Plagioclase ru/u nn/n t�/_ no/n nn/n nn/n nn/n t�/n r_/n nu/n
�n� t� Plagioclase r�/u nn/n tu/_ no/n nn/n nn/n nn/n to/n r_/n no/n

�n� _n Sanidine su/u nn/n n�/_ nu/n nn/n nn/n nn/n n�/n r_/n tn/n
�n� _t Sanidine so/u nn/n nr/_ nu/n nn/n nn/n nn/n n�/n t�/n tr/n
�n� oo Sanidine so/u nn/n n�/_ nu/n nn/n nn/n nn/n n�/n t�/n to/n

�n� _r Sanidine sr/u nn/n nt/_ nu/n nn/n nn/n nn/n nr/n tu/n ru/n
�n� _� Sanidine sr/u nn/n nt/_ nu/n nn/n nn/n nn/n nr/n to/n rn/n
�n� _� Sanidine s�/u nn/n nu/_ nu/n nn/n nn/n nn/n nr/n to/n r_/n
�n� uo Sanidine s�/u nn/n nu/_ no/n nn/n nn/n nn/n nr/n os/n rr/n

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

01
 ]

 

                             6 / 16

http://ijcm.ir/article-1-549-en.html


"�V_�!��<, �t&�7��/ �_o�� 3+* �7H�+, 3+*4
��5% 89: ;�<, -*�D% ���$'$?E 6�F . . .m�m

���GH�7�
���E �.�X�� C%6�.P*�`� 5 �F�#c��7H�* ;��9	 6&E�F.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total Type 
�n� ru t�/o� ru/o __/_r no/n ��/_r _o/n u�/_t nt/n rn/n nu/s sr/st Biotite 
�n� ro su/or r�/o nt/_r nt/n �s/_r _t/n o_/_t nt/n ru/n n�/s to/st Biotite 

�n� t� _n/o� n_/u ��/_r ��/n su/� nn/n �n/un n�/n rr/n no/s �_/so Phlogopite 
�n� ts t�/o� nn/u r�/_r t_/n n�/n nu/n �u/un _o/n t�/n nu/s ��/so Phlogopite 
�n� rn ru/o� n�/u r�/_r ru/n so/� nt/n �t/un nu/n rr/n tu/s o�/st Phlogopite 
�n� � tr/o� n�/u ��/_r no/n �s/� n_/n ts/un n_/n �o/n uu/s �o/so Phlogopite 
�n� � ��/o� n�/u �n/_r u�/n �_/� n�/n �u/un n�/n ��/n n�/s so/so Phlogopite 
�n� s ru/o� __/u os/_r r�/n rr/� nt/n u�/un n_/n �t/n _r/s or/st Phlogopite 

Structural formula based on the 22 Oxygens 
Sample Point Si Ti Al Cr Fe2+ Fe3+ Mn Mg Ca Na K Cations Fe# Mg# 
�n� ru ur/r o�/n r�/u nn/n s_/_ nn/n nu/n n�/o n_/n _t/n ��//_ s�/_t o�/n �u/n
�n� ro u_/r os/n r�/u n_/n su/_ nn/n nu/n ns/o n_/n _r/n ��/_ nu/_r o�/n �u/n

�n� t� on/r u_/n r�/u n�/n �_/n nn/n nn/n us/t n_/n _r/n �n/_ no/_r _�/n �t/n
�n� ts or/r u_/n rr/u nr/n �u/n nn/n nn/n us/t nu/n _o/n �n/_ n_/_r _�/n �t/n
�n� rn ot/r uu/n rt/u n�/n �n/n nn/n n_/n u�/t nn/n _r/n ��/_ n�/_r _�/n �t/n
�n� � or/r uu/n r�/u no/n �s/n nn/n nn/n ur/t nn/n _�/n �t/_ no/_r _�/n �t/n
�n� � o�/r uu/n rr/u no/n �s/n nn/n n_/n u�/t n_/n _�/n �n/_ nu/_r _�/n �t/n
�n� s or/r uu/n ru/u n�/n ��/n nn/n n_/n un/t nn/n un/n �u/_ nr/_r _�/n �o/n

���GI�7�
���E �.% �X�� C6cP*�`� 5 �FC?�%�> ��7H�* ;��9	6&E�F.Z���o5r�FC?�%�> 6�7�1%5� 3+* �1 
�> !��1 !�%��1��)+F �<A�� 
!", @<K ��[( �"�%�5�X�� c_s7�.���E ��.C
!", ���P7� C?�%�> B�<A�� b*�?%�*.

Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total 
�n� o o�/s� no/n ou/n nr/n no/n nu/n n_/n no/n _o/n nr/n nn/ss 
�n� r ��/s� n�/n t�/n n_/n n�/n nu/n nn/n nt/n un/n _n/n �s/s� 
�n� _s s�/ss _o/n un/n n_/n ou/n nu/n nu/n ur/n nn/n no/n s�/_nn 

Structural formula based on the 2 Oxygens 
Sample Point Si Ti Al Fe 2+ Fe 3+ Mn Mg Ca Na K Total 
�n� o ss/n nn/n nn/n nn/n nn/n nn/n nn/n nn/n nn/n nn/n nn/_
�n� r ss/n nn/n n_/n nn/n nn/n nn/n nn/n nn/n nn/n nn/n nn/_
�n� _s ss/n nn/n nn/n nn/n n_/n nn/n nn/n nn/n nn/n nn/n nn/_

���GJ�7�
���E �.�X�� C%6��> .��F6&��%9.N�FC?�%�> 6P*�`� 5 0+>%5 ;�K �� c��7H�* ;��9	 6&E�F.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total 
�n� r_ nn/n nu/n nu/n n_/n u_/n u�/_ ns/n nr/rs nu/n n_/n �n/�n 

Structural formula based on the 3 Oxygens 
Sample Point Si Ti Al Fe 2+ Fe 3+ Mn Mg Ca Na K Total 
�n� r_ nn/n nn/n nn/n nn/n nn/n nu/n nn/n s�/n nn/n nn/n nn/_

���GK�7� 
���E �.�X�� C%6��> ��F6�"> P*�`� 5c��7H�* ;��9	 6&E�F.
Sample Point SiO2 TiO2 Al2O3 Cr2O3 FeO* MnO MgO CaO Na2O K2O Total 
�n� o� nn/n n�/_� o�/n nn/n nr/�u nr/n un/_ nu/n nn/n nn/n ��/s_ 
�n� ro ��/n �r/r rn/o nt/n �r/�� _�/_ us/u n�/n no/n n�/n o�/su 

Structural formula based on the 32 Oxygens 
Sample Point Si Ti Al Cr Fe 2+ Fe 3+ Mn Mg Ca Na K Total 
�n� o� nn/n us/t _o/n nn/n �n/__ us/� n_/n r�/n n_/n nn/n nn/n nn/ut 
�n� ro un/n u�/_ ur/_ n_/n _o/� ��/__ on/n no/_ nu/n nn/n nn/n nn/ut 
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"�V_�!��<, �t&�7��/ �_o�� 3+* �7H�+, 3+*4
��5% 89: ;�<, -*�D% ���$'$?E 6�F . . .m�j

3+* 9? 6�F �H�=* 6%�%� �=�X+� �� ��V�� �7
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% �� �F
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9V 5 69.	��N 6�F �=*% ��$=� �1�=�1 �=F .
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!"
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�<., C.���E �
�7� .C.���E �
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Sample SiO2 TiO2 Al2O3 Fe2O3* MnO MgO CaO Na2O K2O P2O5 LOI Total 
C-q�m� ��/m�  j�/� k�/�q  �k/m ��/� ��/q l�/q l�/q �q/� ��/� m�/� k�/kk  
C-���� ��/m�  l�/� m�/�m  ��/q �k/� lm/� ��/q �m/q jl/� ��/� m�/q ml/kk  
C-qm�j jj/m�  m�/� k�/�m  q�/q ��/� �m/� ��/q m�/q ��/� ��/� �j/q m�/kk  
C-q�qk ��/mk  jj/� ��/�l  m�/m ��/� j�/� m�/� k�/q ��/q ��/� �j/� �q/kk  
C-�k�� k�/mk  mk/� ��/�j  �l/q ��/� ��/� ll/l j�/� mj/� ��/� km/� �l/���  
C-q��� ��/l�  m�/� ��/�m  �q/q �k/� ��/� �l/q jl/m q�/� ��/� ��/� ��/���  
C-�mq� ��/l�  j�/� l�/��  m�/m �l/� �m/� j�/� �l/q ��/� m�/� k�/� ml/kk  

Hm� lk/ml  l�/� �m/�j  ��/q �l/� ��/� �k/l m�/q �q/q qj/� ��/� q�/kk  
Hm� m�/ml  mk/� ��/�j  j�/q �m/� ��/� �l/l jj/q ��/q qj/� �l/� �q/kk  
Hmq kj/ml  mk/� ��/�j  jl/q ��/� ��/� m�/l ql/q ��/q m�/� �m/� q�/kk  
Hmm lq/mm  mk/� j�.�l m�/q �m/� j�/� ��/l ��/q mk/q q�/� qj/� ��/kk  
Hml �q/mm  mk/� q�/�l  mm/q �m/� �k/� �l/l ��/q qm/q q�/� l�/� jq/k�  
Hmk ��/m�  �m/� l�/�j  ��/� ��/� q�/� ��/� km/q ��/� ��/� ��/� jm/kk  
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