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��/�� �/�� ��/�� �/�� ��/�� ��/�� ��/�� SiO2 (wt%) 
��/���/���/���/���/���/���/�TiO2

��/�� ��/���/�� ��/���/�� ��/���/�Al2O3

��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� Fe2O3(t) 
��/���/���/���/���/���/���/�MgO 
�/���/���/���/���/���/���/�� CaO 
��/���/��/���/���/���/��/�MnO 
�/���/���/���/���/���/���/�Na2O
�/���/���/���/���/���/���/�K2O
��/��/���/��/���/���/���/�P2O5

�/���/���/���/���/���/���/�� LOI 
��/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/��� SUM 

�� �/�� �/�� �/�� �/�� �/�� �/�� Sc(ppm) 
�/���/���/���/���/���/���/�Hf 
�/�� ��/�� �/�� �/�� ��/�� ��/�� ��/�Nb 
�/��� ��� ��� ��� ��� ��� ��� Sr 

�/��/��/��/��/��/��/�Ta 
�/��/��/��/���/��/�Th 
�/��� �/��� �/�� �/��� �/�� �/��� �/�� Zr 
�/�� ���/�� �/�� �/�� �/�� ��Y
�/�� �/�� �/�� �/�� �/�� �/�� �/�La 
�/�� ��/�� ��/�� ��/�� ��/�� ��/�� �/�� Ce 

��/��/��/�� �/�� �/��/�� �/�Pr 
�/�� �/�� �/�� �/�� ���/�� �/�� Nd 

��/��/��/��/�� �/����/�Sm 
��/��/��/���/��/��/�Eu 
��/����/�� �/�� �/����/�Gd 
��/��/��/��/��/��/��/�Tb 
��/��/��/��/�� �/��/�� �/�Dy 
��/��/��/���/���/�Ho 
��/��/���/��/��/��/�Er 
��/��/��/��/��/��/��/�Tm 
��/��/��/��/��/��/��/�Yb 
��/��/��/��/��/��/��/�Lu 
�/��� ��� ��� ��� ��� ��� ��Ba 

�/��/��/��/��/��/��/�Ta 
��� ��� ��� ��� ��� ��� ��� V
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��/���/���/����/����/����/����/��Fe2O3(t) 
��/���/���/���/��/���/���/�MgO 
��/���/����/���/���/���/���/�CaO 
��/���/���/���/���/���/���/�MnO 
��/���/���/���/���/���/���/�Na2O
��/��/���/���/���/���/���/�K2O
�/��/���/���/���/���/���/�P2O5

��/��/���/���/��/��/��/�LOI 
��/����/����/����/����/����/����/��SUM 
�/���/���/���/��������Sc(ppm) 

��/���/��/���/��/��/��/�Hf 
��/����/���/����/���/���/���/�Nb 

�������������/����/����/���Sr 
�/��/��/��/��/��/��/�Ta 
�/��/���/��/��/��/�Th 
�/����/������/����/����/����/���Zr 
�/���/���/���/���/�����/��Y
�/���/���/���/���/���/���/��La 
��/����/����/����/���/���/���/��Ce 
�/��/��/��/���/���/���/�Pr 
�/���/���/���/���/���/���/��Nd 
�/��/��/��/���/���/���/�Sm 
�/��/��/��/���/���/���/�Eu 
�/��/��/��/����/����/���/�Gd 
�/��/��/��/���/���/���/�Tb 
�/��/��/��/����/���/���/�Dy 
�/��/��/��/���/���/���/�Ho 
��/��/��/���/���/���/�Er 
�/��/��/��/���/���/���/�Tm 
�/��/��/��/���/���/���/�Yb 
�/��/��/��/���/���/���/�Lu 

�������������/���/����/��Ba 
�/��/��/��/��/��/��/�Ta 

���������������������V
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Core4 Rim3 Core3 Rim2 Core2 Rim1 Core1 

Sample 

hi/�i �s/�� r�/�i �s/�� i�/�i ir/h� �i/h� SiO2

s�/is*/ih�/ih*/i�h/i��/i��/iTiO2

r�/h�*/*�i/h��/*�r/h��/�*�/hAl2O3

��/s��/��h/sr*/s�i/ssr/�*s/�FeO(t) 
��/iri/i�r/i*i/i*�/i*i/i��/�MnO 
*�/�� h�/�� ih/�� ��/�s ��/�h h�/�h *�/�h MgO 
��/*� �r/�� h*/** si/*� ��/** �h/*i ��/*� CaO 
*s/i*h/i��/i��/i*r/i*r/i*�/iNa2O
ii/ii�/iii/iii/iii/iii/iii/iK2O
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i��/ii��/ii�*/ii�r/ii��/ii��/ii��/iNa 
iii/iiii/iiii/iiii/iiii/iiii/iiii/iK
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i�r/�� �rs/�s �h�/�i rs�/�i r��/�� ���/�h ��h/�r Fs 
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��/s� �s/s� �*/sh ��/s� �h/ss �/�� SiO2

ir/iii/ii*/iii/iii/iii/iTiO2

ii/*i ��/*i �h/*i *�/*i **/*i r�/*i Al2O3

i*/iir/is�/ii*/ii�/i��/iFeO(t) 
ii/iii/ii�/ii�/ii�/iii/iMnO 
*s/ii*/i*s/ii*/iii/ii*/iMgO 
�s/�� �i/is*/rh�/i�r/iii/�CaO 
is/ii*/�� ��/�� ��/�� r�/�� hs/�� Na2O
�i/ii�/ii�/ii�/ii�/ii�/iK2O
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i*�/�i��/�i�i/�ih*/�i�i/�ih�/�Al 
ii�/iii�/ii*�/iii�/iiir/iii�/iFe 
iii/iiii/iiii/iiii/iiii/iiii/iMn 
iii/iii�/ii��/iii�/iiii/iii�/iMg 
i�*/iir*/i��i/ii**/iihh/iih�/iCa 
iih/����/i��i/i���/i�s�/i���/iNa 
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���/i�h�/i��h/i��i/i���/iNa 
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�/*i �/�h/��/��/�%An 
�h/�� i/�* �/�� �/�� �/�� %Ab 
�/ir/i�/ih/i�/i%Or 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

03
 ]

 

                             9 / 12

http://ijcm.ir/article-1-442-en.html


v"�� �4�F$ �����WK� 2w� ������ ����.�� �;B ���[ $ ���;B� R4 �Rg���2
� �� *�s

C��P%= +2.P��2A T/��
2�$� +�F&%, 
V ��� C� +$� ��_;� +�FOr �Ab �An]��.[

C��4Q��
1g0 ��� C�_�� +�
2�$� �� �.� 3.4 \ � &� &%, 
V%= I
 +�.

���" ���� ������6B�� ��3�� 
<;� ";42C, ���)W)0' +�F��� ;E �4 �2,2�B 5�CB �4 �� 

(";
�C� H";;� �$& I.���$V ��)W)0' &� +��.�I
 �� ��@2
(2
1@ �3J� = b���$2J	 TJK�# �, ��� �� A +�J� ��.A� +

�;�= 2
& �4 o.30 ^� H";;J� +��J
$�& �J, �J�� ��@2.J� +
�$"# �' b���$2	˚���RK�	 ��A2B 5�CB ��0 ";42C, ��	� +
�$"# �� !24 `!���$��$ T�JP �� J;, ��U� 24 $ 23� R., 

��� a2P�& .2J4 b���$2J	 ��"J!� G
� ���& ���� ��2JA a�J
20 
]�����.[(� 0 � w! �� �C.� +�F �4 �@ 0 �4 1.� +&�4 D.CE

 <;� G
� +2.P��2A �E Cg� �� �F �J�_;� +&�J4 ���)JW)0' +
�� �' b
�".= �� 0 �� # I
 �4 �� �F ���C, �)= n23�P +

��� �8��]�.[
TUB &� �Z��;6)��(�
�J3� TJ.R/0 a�J�� 2J4 ���� �".=

 <;� �
1g0 � +�F n$� �J4 �J��24 �� J� �3
2�$MS�ICP $
ICP-ES <;� G
� ��J_./� �� $ �3JB�� �3.^� J0 �J.F�� �F

("B T.U)0 ?� �"��.
`.J/� G.J.70 �� TJ, <;J� MJ.,20 &� (��W3�� 24 ($%E

<;JJJ� �
�JJJCP�� � 3U0 �JJJ
1g0 �
�JJJ3� &� ��JJJF�JJJ_�� ++�
G�,$2.= ;.R, �� 1.� ��F ���, �� ;E �4 �� 0 � J@ � c��� +�F

 <;� �� �;.g;P �� ;E �4 qO C7� �, �F �3JB�P &� +� <;J� +
� C� (��W3�� �2[ ��R0 .G�J,$2.= ;.R, M.,20 MJ.,20 �J4 �JF

 TJ.�� G.CF �4 $ ���� ��3�4 <;� T.U)0 `./� $ �
�.C.B
 G.J�& `.J/� G..70 +�24 M��;� ��.7� I
 �� ;E �4 �3!�J�

 <;� T.U)0 �J� ��2JA (��W3�� �� � �F �2J.P .�J��24 TUJB a
)���~��(+2� G..70 +�24 �, �("B (�24 ��, �4 �
�CP�� +�F

�� �J� C� ���C0 �, �	�
�� �� 0 (23�JP �� �JF �J��&�4 ++�JF
 "���� ��2A �3.^� 0 .�3!�J� G.J�& `.J/� G.J.70 � Jx;� �J4

<;� �JC.� +�F ��� JC� &� �J�_;� DJ.CETiO2-Na2O-SiO2

"B (��W3�� .TUB �� �Z��;6)���?(("
� �� ���JC0 �� JB
�� C� �3	2P ��2A ?� � `./� �� �F�� ��)� G
� $ "�� �J[ "JF�
(� JJ0�JJC.� +�JJF $ b)JJ, TJJK�# ?� JJ� �JJ.F�� �JJ4 DJJ.CE

�/WJJK �$�� c�JJ.0�CP�� �JJE Cg� �JJ, ���JJ# �� �";3�JJF +�
<;� G.J�& `.J/� IJ
 �� �J�_;� ���)JW)0' +�JF �3!�J�
(2
1@ �� A +)b���$2	 (("B T.U)0 "��]�.[G
"4 &� MJ.020 

�PN
$ $ (��3��! (�P"
� �J� �
�CP�� � 3U0 +�F <;J� �� J0-
���8�� �)), `./� �4 �� D.CE �C.� +�F �3�J4�$ b���$2	 +

����� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

03
 ]

 

                            10 / 12

http://ijcm.ir/article-1-442-en.html


"R@��(��CB �����3�4�0 ���� ���,<;� �
�CP�� � 3U0 `./� G..70 $ ���;B +�F . . .*��

C��44~�� (��
���+2� G.4 +�� C� �
�CP�� +�F ��� C� �� �FAFM]��[? �(���&�4 (";;, 1
�C3� ��� C� a�J��24 �F K2O/Yb – Ta/Yb 
]��.[

C��+/~�� (�
�CP�� +2� G..70 +�24 G�,$2.= ;.R, ���, &� (��W3��]��[? �(<;� T.U)0 �3!�� G.�& `./� G..70 �4 D.CE �C.� +�F
 �F G�,$2.= ;.R, M.,20 &� (��W3��]��.[

@�#��� 
�E Cg� ���)W)0' +�-� K �4 �2[2�B 5�CB �4 �� 

�42> 5�CB �P".)[ �4 +";42C[ ��3#��� �� �A2B ? ;@ 
24 ���4*ii $ +��3!�� �$& -�&� � �4 q�8
2�0 :42� 23� R.[ 

��� �3	�
 ��2�3�� a2P�& T�P .�.R[ 24 c[�# 18� <��
<;� +�F"#�$ +�.#� `./� �.C[�# &� �B�� ��_;� ���;B
��� �4' 2
& .b�4 &� 2.> ��X' �[ G4 (�� &��� �4 ;@ +�F

�� ("
� �
� F ���)W)0'�E Cg� �.�4 �� B �� ���24 �� � +
? �� �4 (�2CF D.CE �C.� �0 DCE c[ �
�
�� 2
& `./� ]
-
(�2[ ��� 	 <;� ���� $ <;� �R.� T��B +��$' +�F"�� .

("
"= G
2C.� �
�1F [ &�	 �4 ��_;� G
� �� ���)W)0' +
��� ("B (��� �8�� ���.�]�[.
G�,$2.= ;.R, M.,20 <;� �� �F�C.� +�F �J�_;� DJ.CE 

(� 4 ".�= 
� $ �
V$� ���[ T.U)0 24 ($%E �, �T�3�J� +�JF
 <;� &� �!24 �� ���� � -� K �4 �J� ("F�)� �3
2�$� +�F-
�� ���;).= a��� G
� 24 $ "� B G�[$2.=  ;.R[ �, � B +�JF

<;JJ� �� � JJ@ � �JJ
V$� �� �2[2�JJB 5�CJJB ���)JJW)0' +�JJF
c.��JJ;4 +".�JJ= 
� .V%= +�JJF� R4 MJJ.,20&%, JJ
q�JJ8��> c��JJ�

 <;J� �� $ �.� 3.4 �J0 �J.8�' &� �("JB ��J�2P� �JC, +�JF
 +&�4 M.,20 �4 �@ 0 �4 �, ��� ��� � �� &%, �.�� <;� +�F

 &� �JJ
�U# ��JJ�_;�("JJ
"= (�23�JJP �2JJURCE +c�JJ.0�� ��3� 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

03
 ]

 

                            11 / 12

http://ijcm.ir/article-1-442-en.html


v"�� �4�F$ �����WK� 2w� ������ ����.�� �;B ���[ $ ���;B� R4 �Rg���2
� �� *��


"�C�<;J� G
� �"B �3.R.{�� ��' �g.3� �� $IJ
 �� �JF
 ���� �
�
�� `./� .�
�.C.B M.,20 G�,$2.= ;.R, 2���)J� �F

 <;� +�24 �3.^� 0 `./� �J�� ���24 �� � D.CE �C.� +�F .
�
�= 24 G.�& `./� �F��� C� G
� +TUB �� 2X�� �3!�� +2.P
�
2�$��� �F"B�4 b���$2	 &� o= �)), `./� I
 "�� 0.

<;J� l JW� TJ.�� �4 DJ.CE �JC.� +�JF �� �J��24 �� J� 
"= ���_;� ���)W)0' +�F"#�$("
 �J��24 �� J� c�.0�CP�� +

]
�� l W� -� K �4 �[ �� �� (�2[ TCE �3
2�$� +�F �J4 �� 0
 ���JA 	 ].���$V G� �4 ���A 	 �0 ���.� G
2C.� �
�1F [ &�	

 ���02[ &�>' �0��� �8��.

R?#�� 
]�[a �0�8� �A' .\.�"��2
� ���;B G.�&"���&�J� -���)J3�� �

��"7� -�	�)3,� $ ���;B G.�& �� ),)�r�� (��s�/WK .
]*[\ (��& b
$��.�"��2
� ���;B G.�&"�2.8[ 2.�� -���)3�� �
)�r�i(�i��/WK .
]r[v +"JJF�&.�"���WJJK� �JJ��;B G.JJ�& �)JJ�� $ n��1JJP
)a�.���:*�iiii"(�� )[ ���;B G.�& ���&�� �)�r��.(
]h[v +"JJF�&.�"�2[2�JJB �JJ��;B G.JJ�& �)JJ�� $ n��1JJP
)a�.���:*�iiii"(�� )[ ���;B G.�& ���&�� �)�r�*.(
]�[� ���JJ��.�"+�JJF <;JJ� +V JJ�$23= $ �JJ��;B G.JJ�&

 �2[2�JJB 5�CJJB ���)JJW)0'"�"JJB�� �JJ��;B��[ �JJ��� ��JJ
�= 
����WK� (��)��� �+V �$23=)�r�� (*���/WK .

]s[� �����.�"+�JF �J;�= 2J4 ".[�0 �4 �Z
V �$23= +�F ���24
 ���)W)0' G.�&2� �� ����2P� �2[2�JB 5�CJB "��J��� ��J
�= 

����WK� (��)��� �+V �$23= +23[�)�r�� (*ss�/WK.
[7] Soder P. A., "Contribution to the geology of the 
Isfahan – Gavkhuni area ", NOIC. A., Geological 
Report, NO. 110 (1954) 

]�[� �C��A.��;.�# H�# �.��;.�# v.�"���;B G.�& �)��
�6 ��P�)a�.���:������"(��� )J[ �J��;B G.J�& ���&�� 
)����.(

[9] Le  Bas M.J., Le Maitre, R.W. Streckesen. Al,  
Zanettin B.,"A chemical classification of volcanic 

rocks based on total alkali-cilica diagram, Journal 
of petrology" , (1986), 27: 745-750. 
[10] Richard Linda. R., (2002) , Minpet 2002 
Software. 
[11] Morimoto N., Fabrise J., Ferguson A., 
Ginzburg I. V., Ross M., Seifert F.A., Zussman J., 
Akoi K., Gottardi G., "Numenclature of 
pyroxenes" , Mineralogical Magazine, 52:(1988) 
535-55. 
[12] Deer W.A., Howie R.A., Zussman J., "An 
Introduction to the Rock – forming minerals" ,
Longman, London, (1991) 528p. 
[13] Ghasemi A., Talbot C.J., "A new tectonic 
scenario for the Sanandaj - Sirjan zone (Iran)",
Journal of Asian Earth Sciences, 26 (6), (2006) 
683-693. 
[14] Mohajjel M., Fergosen C.L., "Dexteral 
transpression in Late Cretaceous continental 
collision, Sanandaj - Sirjan zone, Western Iran" 
Journal of Structural Geology, 22 (8), (2000) 1125 
- 1139.

]��[v Tg/�.v +";�� �.�.�"H";;� �;�= �Z.� 3Z0 T��Z0
��� ��@2.� +�JF �J;�= 2J
& �J	27� $ +23!�J4 5�CJB �C.� 

�' �� "
"@"�(��CB �G.�& v RE ���;Rw	 r�)�r��.(
[16] Irvine T.N., W.R.A.Barager., " A guide to the 
chemical classification of the common volcanic 
rocks", Canadian Journal of Earth Sciences, vol.8, 
(1971) pp.523-548. 
[17] Wood D.A., "The application of a Th-Hf-Ta 
diagram to problems of tectonomagmatic 
classification and to establishing the nature of 
crustal contamination of basaltic lavas of the 
British Tertiary volcanic province", Earth and 
Planetary Science Letters ( 1980) vol.50, pp.11-30. 

]��[( � �J;.�$�.�"�
�.C.JB SV +�JF (��� �24��J[)��4�J
&��
 2.�W0 �b
�C�"(-���)J3�� �G
2JCX (��& c
2J[ �J�2.RE �C@20 
�1
280 (��)���)���r (����/WK .

[19] Kenan M., Cemal M., "Cilinopyroxene 
compositions of the Isotropic Gabbros from the 
Sarikaraman Ophiolite: New evidence on Supra-
Subduction Zone Type Magma Genesis in Central 
Anatolia" , Turk, J Earth sci, 8 (1999) 103-111.

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
8-

03
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://ijcm.ir/article-1-442-en.html
http://www.tcpdf.org

