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Abstract: The Tertiary volcanic rocks in the north and west of Birjand are dacite; andesite, 
basaltic andesite, trachyandesite and rhyolite.They belong to calc- alkaline from magmatic 
series. Mineralogcal, petrographcal and geochemical evidence show that they have formed in 
active continental margins. Most andesites and dacites are appeared as volcanic domes or 
subvolcanic dykes that injected older units contianing Late Cretaceous ophiolite melange and 
Late Cretaceous and Paleocene flysch. One of the most important characteristic of these rocks 
is the presence of enclaves with various compositions. These enclaves are xenolithic types 
including pelitic hornfels, amphibolitic, tonalitic gneiss and autolithic types with andesite 
(diorite) or dacite (tonalite) compositions. The xenoliths are fragments of older flysch and 
ophiolite melange units that fall to ascending magma and at least bearing two type 
metamorphism.The first type of metamorphism is dynamothermal that can be related to 
emplacement of ophiolite upon continental crust. Along with this metamorphism, flysch units 
change to slate, phyllite and micaschist; basic units change to amphibolite and acidic unit 
change to granitic geniss. Second type is contact metamorphism resulting from temperature of 
lava that caused these enclaves metamorphosed to medium or high grade.  

Keywords: Volcanic rocks- Calc-alkaline, Enclave, Tertiary, Birjand. 

Vol. 17, No. 2, Summer 1388/2009 



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

����������	
���
 ����� �������� ������	� ��
 � ����
� ��� �
������� ������������

 ��� !
"#�	$%&'()*+�,�-%.�/ �	$%�
� 0+&1�� 2
"% ��3+
������4 �5�6� .�7�%0+�%�%( 8��� �	$% 3

������  !"#$ �%&'() *'+,-.+�/ *�0%�1� 231+
1 �2-.+�/ �
��4�-5 ���  *'+, ���6%�/ 2��5 *�0%�1� 31+
1�31+�7 �

8���4�-5 ���  *'+, ���  !"#$ *29%&'() ����  3�� �4 �"%: ��2;� <�	�%6:1 ' �4�-531+
1 �31+�7 �
=��'+6=�1 ��)�:mhyousefzadeh@yahoo.com 

&�
9::>-4?�& ���%@%7A �1 �/ �
 2�A ��
 2�A ���41� B��5 2-.+�/ +6C�/ ' D�E5 ?+�5+7 ��6 6
 2F�A �G1+7 ' *�"F/ �F��"
� ' �?+F4 �F/
 �H�E,���=&A��
��#I 2��1� J#;7 .�4�-5 >-4 ��4�-5 ���G 2&1"5 "HL 'E�5 >-F4 �F
1 B�9%F7 BM� �: 2&� �� 3�%� �H�� N�F5�O �F/ �F&
 *��I D�;	 ��1� ��/�P� ?1 .�
 2�A��41� ' �& 
1� <�"FQ �/ �
 ' ���%@%7A ?�&2R-, <�"Q �/ S�R��T �& >-F4 ��F= B��F5 ��F�P-� +F7 U
2FI ?�F&

 V�#	 ' �4�7+: +C1'1 (�W� ���"�	1�� XPI 1� �4"Y��) ' �4�7+: +C1'1 ?�&2-G .�,(
' �
+7 ��/  1 �9
 >-F4 �F
1 ?�F& !"FR�'+/ �"ZFO �F& ?�F&
 3A �� <'�@6��4�& .!"R�'+/ �
1 �� �6��"71 ' �6��"-
  [1"�1 B��5 �&2�"5 .���"-
  @��"F& B��F5 �&\#\�F-, ' �6��"FR�@�A ��F6�#) ?�F& ?�F&

 ���"71 ' �6����"7 �6
 2�A ["�  1 �&)�6
�"
� (�6�41� ')�6����"7 (��2�"5 .���"-
  �%F�#	 ' (F�W� �F��"�	1 ?�&2FO1'  1 *2F5 *2F-: <�;PI �&
 *25 ��",+,� ["� '� ]"�64� BI12O ' *�+: ^"�4 3A 3'�� �/ �E,�� �";Q ��O �: �41 �4�7+:�12.*�"F/ �%FR-. ��+, ["�  1 D'1 ��",+,�

 ���"�	1 ?+�0
�. �/ �: *��I N64") +/ �& �41 �6�/1' ?1 .���",+,� �
1 �_ `F
 �/ ?�&2FO1' a ��F�5�9�� ' �F�#�	 ���#41 �/ �%�#	 ?�&2O1'
 �41 *25 B
2R7 �6����"7 \�-, �/ 3A ?2�41 ?�&2O1' ' ���"R�@�A �/ �6��"�	1 �$"Eb� .!'� ��",+,� ?�F�+, +�c�F7  1 �F5�� ' �7�'�b� ["�  1 

* 12, ���� ?�E,��!"R�'+/ +/ �&3A �: ?�"_ �/ �*�"/ �&�41 *�+G 3",+,� 2
25 ' d4"6� <�.�� �7 1� �&.

&
(� ��
<= ���:>-4�=&A ����%@%7A ?�&�2-.+�/ �?+�5+7 �!"R�'+/ ��
��#I .

>%�?% 
�,(
'  1 �9
 �P-� ���%@%7A ?�&2R-, ?�& 2-.+�/ N)e"F#/ D�E5

<"�(!"R�'+/ �"ZO �3A �� 31'1+	 ?�&�4�& .�/ �7 �: �
1 �/ �."7 �/
 >-4 D�O !"R�'+/ *(
"/ ' *25 ��
 ?�& 3A �� �"F."� ?�& ��"F� ��F&

 �6	+0� �1+I �;��P� �4�+/ �F41 3A +F/ �;4 �%&'() ��G �
1 �� �2�1 

�1+FI �F4�+/ ��"F� ���A �E�5"HL ' �5�0� >-4 �G [1"F�1 ' �+F�,
!"R�'+/ 2�"5 �	+;� ���A ?�& .' D�EF5 V�/ �� �4�+/ ��"� N�P-�

 2-.+�/ +6C�/)�/"F-. 3�F41+C 3�6F41 fF:+� (*1� ' ��1� �1+FI ?�F&

D�4U&2@& g��E5 ���3�6�/�7 ��NM@Q  1 �hij �7 �8� 



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A��l

*��. 3A �_�R7�1 2-.+�/ �#Q1 ?�&–2F-.+�/ �2�%F� –' nF4"C 
*1� �41 o1+_1 ?�&�64'� �/ 2-.+�/ �$+	 ?�&)+
"p7�.(

Km                                                           �� 
���7�@*1� N%�� ' �4�+/ ��"� g+6�, �_�R7�1 ?�&.

.�= A�. 
 1 V�F/ ��&�� '� �H1+MQ <��#E$ `
 �� J�I� ?�1�+/ ��"E�  1 \)

��� �)"94'+9�� e �� XP�� >-4  1 !"FR�'+/ ' ���%F@%7A ?�&-
?�&."� �� �" �A��' ���7 2�25 �4�+/ .q�:+7 ' ["� �H�4�-5 ?1+/

 ���F: �H��E�5 +6�Fr-� *�0%F�1� �� s'�� fF#�, +F6:� dF4"7 ��F&
 ?'� �3�6�#0�1t�P�� f����A ��"E� ]'� �/ ?1EPMA �	+, <�"Q .

�4�+/ ?�641� �� ��H��E�5"HL ?�&���$+	 ' �#Q1 +Q�-$  1 ��"E� 
>-4 �:+F5 �� �*25��
 ?�& ]'� �F/ �"��F-�/ 31���F��:XRF �F/ 

D2� *�064�Philips PW 14800 2F-6	+, �1+FI �F4�+/ ��"� .��
?+7"�u��F: N���+/  1 ��H��E�5"HL ?�&�1�"E� U�4+7 ?1+/ 3�
�)New 

Pet���: �H�4�-5 ?1+/ '����+/  1 �&Min Pet25 *��@641 .

>?B�% ����� !
%) 
1���  +v�  �P-� �?��6C�4 �4�-5/ N2-.+� w"#/ ��/ BQ�	 2O �� 

<"�)��+6C�/ (3'  'g��"C ]". 3�6��4 )���'�FC(*2F5 XFI1' 
�41)+
"p7�(]���[.��P-� �
1 �� ��F@#6�� �0-F4 ?�&2FO1' 

V�/ B��5 ' z�	�� ?�&2O1'  1 �H�& �F/ (F�W� ���"�	1 z�	��1+6�'1
 ��4�7+G �4�7��%��&' 3L"Y� ?1+�"#0-G ��4�7+G �%�#	 >-F4-

+7 ���%@%7A ?�&5?+� 2��1� �".' .>-4 ?�&?+�5+7 �F/ <�"FQ 
U
2I ?�1'A�{A ?�&2O1' >-4 ' +7 ?�&���%@%7A 31". 3"FE-C� +7

��1� .�&2O1' �
+72
2. �?+�F5+7 ?2FR-, �&?6
 2F�A ' �6�F41� �
�41 !"R�'+/ ?'�O]8�t.[



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A�l�

���7�0O �� 3�6��4 3'   1 �%�/ �#: ��6C�4 3�|	1 e"#/ ' <"� e"#/ ��/ 2]�[
�������� 

���: q�:+7 }�41 +/>-4 ��4�-5 ["F�  1 �F�P-� ���%F@%7A ?�F&
 !"R�'+/ ' ���"
� ' ��41� ��
 2�A�&+F6EG ' �6��"-
  ["�  1 +6%�/ 

*�1� B�=%7 1� �6��"71 ["�  1�� �1+I �4�+/ ��"� SW
{ �: 2�12�+�,.

C�)�����
�
 2�A�&-� ?��P <1+:'f�~ �"E;� 2�1 >F�� �/ '�?+6�F:�C ?�F&

�+4 fR4 '�5'� �� *2
� 2�"5.>-4 �
1 �#Q1 �	�/ ?+�	�") �& �/
�%�5 �7 ��1� f
� g+�EC�/ ���A  1 �C+/ ' *�"/ ?1�	�/ ?�& ��
1 ?+4 

����
+. �� *2
� f�� �9�1��/ ' `
+�	A "52�.B=5 ?�&�"#/ �5��-
�1�  W:"
LW) )��'1 W:"0��
 2�A (���F4"� ?2F-/ ��P-� S�"E;� �G 

31'1+	 �2��1�2-6�& 3A ?�&1 �4 �
+7 .B95 �E�� ?�&�"#/ �5�� ' �1�
B9531'1+	 q�7+7 �/ ��:'+�)"-�#: ' ��7"�/ �fR4 2-#R��"& �1� �
+7
���: >-4 �
1 �
f�-�'+	 ?�& �F�1'1+	 }�41 +/ �: ?�"_ �/ *�"/ �&

 �� ���A 31"7 �� +
 *��
 2F�A ��:'+�) ��7"�/ ��
 2�A ��7"�/ ?�&
 �
 2�A ��:'+�) ��
 2�A 2-#R��"& �1� ���%7 1�.?�F&�"#/ �5�� 

��:'+�)"-�#: )�
L'1 (?1�1�B:�� ?�1"� ' *��4 ?�& *�"/)"p7 +
8(
UG ''V�/����F: �/ *2F5 3�F4+,� ���F#: ' �F4� ?�F& 2F�1 .��

�
 2�A 2-#R��"&��&R4 ?�&2-#R��"& *"�I �/ B
�� f?1��1+G ?1�1� ?�& 
?�2G �%-G1' 2-6�&.��1� f
� g+�EC �F��'+9��  1 +6%F�/ ?1 ?�F&

 �
 2�A �:1+7 �� '  W:"
LW) U�F4�6) <�uF42#	 '  W:"F
LW)  1 �F& 

�
 B�9%7	�41 �6.

C
�('��
��41� �& ' �651� 3"E-C� ?2R-, <�"Q �/ +6%�/ �6F4� N�"E� ��

�/ 6�:�C >�� d4"6� �7 �5'� ?+2�1.>-F4 �F
1 �#FQ1 �F	�/ �F&
 ��1� f
� g+�EC �/ ?+�	�"))+
"p7t(�&�, '`F�6�#�: �H"F) �F	�/ 

f�� >-4 �
1 �� �&�� *2
� �"5a/�?�"_ fF
� ?�&�"#/ �: �F�7"�/ 
)�F�)","#	 (��3'�� ��F
+:"-	 2F��1� �1+FFI f7�1"F: ?�FF& .�FF5��

 �1� B=5 ?�&�"#/ ?2F-/ ��P-� ?1�1� '���F4"�  W:"F
LW) 31'1+F	 �
�F��A  1 �C+/ ' *�"/ 1 �4 �
+7 ?1�1� �F�1+G ?�F& ' �+F, �F
 Fb�#C�

2-6�&.�F� *2F
� �
 2F�A '  W:"0��'1 q�:+7 �/ �& W:"
LW) 2�"F5
)�1�"E��.(?�&�"#/ �5�� ' �+, �
?1�1� ��1+G ?�& Fb�#C �f7�1"F:

f���/��"_ �/ �1'1+	��� *2&�%� "5�)
"p7+l.(UF�� ���FG �
+F7-
>-F4 �F
1 �
f�-�'+	 ?�& B=F5 ?�F&�"#/ �F5�� �F& �FE�� ' �1�

B=5 ��5�O �/ fR4 2-#R��"& �1� ?�F&�"#/ �5�� ' �2G �%-G1' ?�&
 B=5 �E�� 2-6�& ��7"�/ �1� .g+6�F, �H��F/ VF�/ �� �&2F-#R��"&

 �� ?�. 2-#R��"& ����12�+�, )�1�"E��('�&�=�� �-�H�F) VF�/ �� 
6�, �� *2
� ��)","#	 *+ 2�"5)�1�"E�8.(��"E� �C+/ �� �F&��F	�/ 

�� +&�v7 f�� �
1 ?+4 F-G2.���F: qF�:+7 +Fv�  1 �F:1+7 �F4�-5
��41� ��41� �/�%� S�R
+�7 �& U�F4�6) <�uF42#	 �12F�� �F�' *�"/ �&

�41 +6%�/ ���1� f
� *+�EC.

���7�3��:'+�)"-�#: ?�&�"#/ �5��)Cpx ("
LW) ' W:)Plg ( �
 2�A ��)XPL.( 



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A���

���7�D W:"
LW) ?�&�"#/ �5�� ?'�O ��41� �� ?+�	�") �	�/ )Plg (��7"�/ ')Bio (*+�EC �� f
� ��1� �"#/ �@�� �7)PPL.(

���7�Ef7�1": ?�&�"#/ �5�� )Qrt (��41� �� �b�#C �� ?�"#/ N�1+G �/)XPL.( 

.('�	�@W:"
LW) q�:+7 �� �"."� ?�&  W:"0��'1 g+6�,F�
 2�A.




n4"*�1 ��	�;��") �*fR4 �H��-
2/�$ �I"c' �����1 ���

.('�	� 0D"R�@�A q�:+7��41� �� �"."� ?�&*+6�, �� �&����1 2-#R��"& ' ����1 ?�&.

.('�	�3q�:+7 �&�=����41� �� �"."� ��)","#	 g+6�, �� �&.

C
G��.��
���"
� �& ' ��1� f
� �F5'� ?+6�F:�C >�� ?1�1� 2-6�F& .�F5��

�"#/?�& B=5 �1� ' ��R����G BG�� �/ �
2���4 ?�&�"#/ f��z�"G +F7 
�� 3A�� *2
� ��1� f
� g+�EC2�"5 .�"#/ �5���&'f��f
� ?�F&�"#/
f7�1"G�+0
� ?�&1 �4�41 ���"
� �#Q1 .UG �12�� �/ ?�&�"#/ �5��
B=5 �� �vOW�  WG"
LW) �1��"5 .��1� f
�  1 B=%6� g+�EC F& ?�

 �F��'+=�� ' �
2���4 �f7�1"G �F	�/ ' *�"F/  WG"F
LW) nF
+� ?�F&
 �� V
�E� �/ 1� ���
+.��1�, .��7"�/�/�B��G �"_�6�F4�)1 �*2F5 

�41.

���������
/��#: �"_!"R�'+/?�& �"."� �� >-4 ?�F& ���%F@%7A ?+�F5+7 

��P-���/�� U���7 �6��"71 ' �6��"-
  �#Q1 ["� '�2�"5 .-
 ���"-
�6��"R�@�A [1"�1 B��5 �& �\�-, \#@��"& ' �6����"7 ?�& �,+/ ?�&-

' *�"/ ?1 ���"71 �6
�"
� q�G+7 �&)�6
 2�A (�6���F�"7 ')�6�F41� (
2��1�.

C
G���)�H
G��
�%� I�� ��� 
���"-
  �
1 �� U���7 *'+, '� �/ �&2�"5 .D'1 *'+, ��FG'+�)"-�#G

 ���"R�@�A ��7"�/ ?�& ��1� *+�7 ' d4"6� >�� *�"/ �F: D�9F51 �F/ 



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A���

+PI �/ +�:12O ' ?"Z�/ S�R
+�7���� *2
� +6� �6��4 "52�)+
"pF7
�(.���"-
  �
1 �& +� ?1�1� ���F�,�� 3�F/f�� >-F4 �F/ �F7 ' *�"F/

 ?�'2O�	�/ �� V
�E� �/ 1� ���-, 2��1�, .B9F5 �E�� ?�&�"#/ �1� 
B95 �7�1� 2-#R��"& *"�I 7 31'1+	 ?1 ' *�"F/ ���A �
f�-�'+	 ���: �
+

 V�/ �� 2F-#R��"& �F/ ��F&L1"�#: ?�641� �� �6O ' �"C ?��-: ?�&
 *25 B
2R7 fR4 2�1)+
"p7�.(*�1� �P�� �
fb7 ?�& ����1 q�G+7 �?1

 D"FR�@�A �F
1 ?1+/ 1� ����1 ' 2-#R��"& �
 �,��) �H'+	 �2-#R��"& �F&
 �� 3�%� 2-&�)�1�"E�t.(?�&�"#/ �E�� B=5 �1� ��7"�/ )��)","#	(

�FF�)","#	 qFF�:+7 ?1�1� 2FF�1)�1�"FFE�l(.B9FF5 �FFE�� ?�FF&�"#/ �1�
  W:"
LW) ?1�1�R�:+7����F��"6�/ BF
1'1 �F7 �
 2�A d41'1 g+6�,

 2-6�&)�1�"E��(.B=F5 ?�F&�"#/ �1� qF�:+7 ?1�1� ��FG'+�)"-�#:
 2�2��)"
�)�1�"E��.(�� *2
� f�� �@41 �"F5.���F:  1 �F
"��c ?�F&

 <1�{ ' ���#: B�RI�2:/ f�� �q�7+7 �/ �: 2��1� �".' *2-:1+) �"_
 ���: '  W:"
LW) ���4+,�  1 *2�A �".' �/ �
f�-�'+	 ?�& 2�1 .�F	�/

 �
1 �#Q1!"R�'+/�&��1�?1�41 .�&�, �� �F�7"�/ ' 2F-#R��"& <1�{ 
3'��#�: �H") �	�/  W:"
LW) 4W/"/ 1� `�6 ��".'�41 *��'A .

���"R�@�A �!'� *'+, ' 2FI�	 �: 2-6�& �0�� fR4 ' ��1� f
� ?�&
 3A g 12�1 ' *�"/ ��G'+�)"-�#G ?+6EG +
���� ?1�1� �
  1 +6E:  1 �&�

 1 V�/ �7 ���41 +6E�6��4 .?1 �F4 '�  W:"F
LW) ' fR4 2-#R��"&
 ���"-
  �
1 �#Q1 �R�� �/ �: 2-6�& �&OW� �7'�@6� ?�& �F� �v-

��"E� �C+/ �9
�"_ �/ a2�"5�6	�
 B�9%7 fR4 2-#R��"&  1 d�	 �&2�1 .
g+6�F, �� fF�� ' 2F-#R��"& ����1 g+6�, ��H�) V�/ �� �&2-#R��"& 
�F� ?�F. 2F-#R��"& �
 �,��) �H'+	 ' 2-#R��"& ����1  +� ' ����1-

2�+�,)�1�"E��.(��"E� �
1  1 �C+/2�f7�1": ?1�1� �& .#Q1 �	�/ �
1 �
!"R�'+/ ̀ �64W/"�1+, ' `�64W/"7�E� �&2�1 .�F
1 ��"F,+,� g���FC�
>-4�� ���"R�@�A g���C� 2O �7 f�� �&24�.

���7�J��41� �� �6��"R�@�A !"R�'+/ .

���7�K*"�I 2-#R��"& B
2R7 ?1)b.Hb (2-#R��"& �/ fR4)gHb (!"R�'+/ ���6��"R�@�A )PPL.( 



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A�l�

('�	�.DD"R�@�A q�:+7 �� �"."� ?�&
�"-�@�A ���"R�6�*�'2M� �� ����1 2-#R��"& ' ����1 ?�&.

.('�	�Eq�:+7?�&�=�� �� �"."� 
�"-�@�A ���"R�6���)","#	 *�'2M� �� .






n4"*�1 ��	�;��") �*fR4 �H��-
2/�$ �I"c' �����1 ���

.('�	�J�� �"."� ?�& W:"
LW) q�:+7  
�"-��@�A��"R�6�*�'2M� �� ���"6�/ �7 �
 2�A ?�&.

.('�	�K�� �"."� ?�& W:"
LW) q�:+7  
�"-��@�A��"R�6�*�'2M� �� ���"6�/ �7 �
 2�A ?�&.

C
G���) M
�N I�� ��������H
G 
�
1!"R�'+/ �& �5'� fR4 >�� �/ ' ��1� d4"6�B=5 �/ +6%�/ ' *�"/ 

?"Z�/d4"6� +PI �/ �����+6� �6��4 �� *2
�2�"5 .!"R�'+/ �
1-
� �&f� +� ?1�1� ����,�� ��/f�� >-4 �/ -2)+
"pF7�(.�F/ ?�F&�"#/

 B=5f7�1": 31'1+	 �
1 `��#	 ���: �
+7["� �	�/ ' *�"/ !"R�'+/ ?�&
��1� 2F-&� �F� 3�%� 1� �=�H1 "� ' ?1.?�F&�"#/  1 ?�'2F;� �"ZFO 

�F41 �F6�=�+�� �F	�/ o+F;� �F& WG"
LW) �� f7�1"G B=5 ��+G .
B=5 ?�&�"#/�1� �1� B=5 �E�� �7 ?�& W:"
LW) �6C12F�1 !1� �F/ �/ 

�F� V
�FE� �F/ 1� zF�6�#�G �H"F) �F	�/ �F�7"�/ ?�&�"#/ 2F��1�,.

�& WG"
LW) ?�'2O �7 �/���#: ���: '�4� ?�& *25 3�4+,�2�1.
�
 2�A q�:+7 ?1�1� �& W:"
LW)2�1 )�1�"E��.(B=5 �E�� ?�&�"#/-

�1� *"�I ��7"�/ ?1�/�O*2�EC �
 ' �6	�
 �E4 ��  1 �G�FO �FG 2�1
 �41 �%R-. ��+, ��",+,� D"_ �� ���A +/ ��%	 D�E$1)+
"pF7�.(

��"E� �C+/ ' �6F51� \�F-,  WG"F
LW) ��FG'+�)"-�#G qF�G+7 �&
 ��FFG'+�)"-�#G f�L1��FF) ?'�FFO)2��FF)"
�) (�1�"FFE��( WG"FF
LW) �

)�
 2�A(���G ' �@41 �f7�1"G ��F41 �2FG ?�& ./A �F	�3�F�1� �F& ?1
)z�64W/"�1+, ("7��
 �/ !	�6�41 �6C�4 ���  �6	�
 �E4 ?�&.

���7�O��41� �� �6����"7 \�-, 'W9�1 .



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A���

���7�P��7"�/ )Bio (  W:"
LW) �)Plg (f7�1": ')Qrt ( ���-, 'W9�1 ��)XPL.( 

.('�	�O��:'+�) q�:+7 �� �"."� ?�&  ���"-
 @�A��"R�6�2��)"
 *�'2M� �� .

C
G���)>N�� M<��.�� I�� ����(
�
1!"R�'+/�&��1� f
� �'2O �� ?��;/1 �/ ' *+�7 SW��: >�� �/ '��7��

2FF-��/f�� >-FF4 �FF/ �-FF5'�  +FF� ?1�1� ' +6E�6��FF4 .�FF4�+/ ?�FF&
 �� 3�%� �)"94'+9�� ["� �
1 �: 2&�!"R�'+/�&F4 ' �E4 ?1�1� ?"

 1 �F-T ' �F9��  1 �-T <'�@6� V�/ '�  1 ' 2-6�& �@�;� �M�.+7
���: *25 B�9%7 `��#	 ?�&2�1 .��7"�/  1 �-T V�/ �� �F	�/ ?�F& 


":�vOW� ��2�"5. W لپيدوبلاستيكLW) ' f7�1": �F5'� V�/ ��
 2F��1��"C+/ ?+6%F�/ ��1'1+	  1 .�F4�+/ ' �)"9F4'+9�� ?�F&XRD 

+& �!'2�1+: �"ZO �� 3�%� 1� �
+
�+: ' ��� �42&� .fF�� �2G <1�{
 2��1� �".' U: �12�� �/)+
"p7��.(

C
G��(��
���"71�&�!"R�'+/ *2�A �"."/ �E,�� 3�E& �"#R7  1 �: 2-6�& �
�&2�1 .

�F	�/ ' *�"/ ��
  S�6R�� JE$ �� �E,�� �"#R7 BQ�O ���A  1 �C+/ ?�F&
��1� ��1� f
� ' ?1 ��1� ?12.���"71 �
1 +6%�/ �& �� N�5�O ���"-
 ?�& 

�
 ' �6��"R�@�A!"R�'+/?�& T��7"�/  1 �-�6	�
 �"#R7a2�1 �-;� �
1 �/
���"-
  �:*�+: BE$ ���A �"#R7 ?1+/ �@P� `
 ��R5 *25 ��
 ?�&2�1 .

B95 �E�� ?�&�"#/ 31'1+	  W:"
LW) �1� B�=%F7 1� �F��A ?1 �F4 �
+7
��2-&� .#/B9F5 �FE�� ?�&�" �F/ ' �1� V�F/ ' UF: �F�7"�/ B9F5

 *25 �6�4�)12�1 .B9F5 �E�� <�"Q �/ S�R��T ��:'+�)"-�#: *2F
� �1�
���"5 .���:�� *2
� f�� ��7�)A 2-#/ ' f
� ?�&�"#/ ' �2: ?�&�"5.

���"71 �
1  1 +0
� �C+/�6�95 <�;PI �& 1 ?1��5�O�&+7�'  ?
�"#R6� 2-6�& �E,�� g25 �: �F/3'�� * 12F, ^"�F4 *�+FG ?1�1� '
�	�/ +F�EC �/ ?+�	�") fF
� g�F�1� 2F�1 .VF�/ �� <�F;PI �F
1 ?�F&

��5�O 31'1+	 �&2R-, ?1 +7�2. 12�1g���A /� 1 dF4"6� �"F_8�F7 ��
�6��4 +6� '3A >�� *+�7 �E: �& 3�/f�� >-4  1 +7 �F41 . +F� �F
1
!"R�'+/3�/f�� >-4 �/ �&�41 ����,�� �.

��� �	
���
��.�� '.�% �������� ��� 
>-4 �H��E�5 "HL ?�1�0��� ?1+/ ?+F4 ��F�;7 ' ���%F@%7A ?�F&

 ' �#FQ1 +FQ�-$ 2�'� +��|7 �4�+/ f�� ' ���A ���� ?�&�E,�� �H�E,��
 �12;7 �?�"#/ V
12. ��O �$+	��>-4  1 ��"E� �F/ 3�F/f�� ?�F&

 ]'�XRF*25 �
fb7 D'2. �� 3A �
�6� �G 2�1��41 *25 �H1�1 .

Bio 

Bio 

mm50/0

Plg 

Bio 

Qrt 




n4"*�1 ��	�;��") �*fR4 �H��-
2/�$ �I"c' �����1 ���

���7�@Q��7"�/ )Bio(� W:"
LW))Plg(!'2�1+:�)Cor(��� �4+& �)Her (U�4�6) <�u42#	 ')KF (�#9%6� ���"-
  ?�&�,+/?1)XPL.( 

����@*�1� >-4 �H��E�5 �
fb7 ?�&2-.+�/ k+T ' D�E5 ���%@%7A ?�&.

765A 
��41� 

632-2 
���"
� 

969 
�
 2�A 

963 
��41� �:1+7

664 
�:1+7�
 2�A

662 
��41� 

658 
��41� 

647 
�
 2�A�6�1 �/

623 
��41� 

618 
���"
� 

601 
��41� 

��"E� �&
�&2��:1 
+Q�-$ '

��/���t/��ll/����/�8�l/����/�8��/��l�/ll��/�ll�/����/��SiO2

��/�l��/��l�/�ttt/�l��/�tt�/���8/�l��/��t�/�t�t/����/�lAl2O3

��/�l�/��t/8�t/8�l/t��/t�t/8t�/�t8/8�t/���/�Fe2O3

��/88�/�t�/t��/8�l/8��/l��/t�t/�tl/t��/���/8CaO 
�t/l�l/tll/t��/���/l�l/t8t/tt�/8��/8��/t8t/8Na2O
t8/���/8��/�8l/���/��t/�l�/���/���/���/���/�K2O
��/���/���/t�t/���/t�l/���/�t�/t�l/8�8/�t�/�MgO 
8�l/����/�t��/�8tl/�t��/�8��/�8��/���8/�8l�/��l�/����/�TiO2

�ll/���l/��ll/���l/����/��l�/��t�/����/��t�/����/��t�/�MnO 
�tl/���8/���l/����/����/����/����/���8/���l/���8/��88/�P2O5

��/���/���/�8�/���/���/t8�/�lt/���/�88/��8/�L.O.I 
ll���8��������t88ll�8�Cl(ppm) 
88�l����t�8t��8����8��tS
�l��8����tt8�lt����8�����8�ttl��8tBa 
����������lt�lt8t�tt��t���t�88���t�Sr 
��l888�8�����t�tt�t��Cu 
l����8����l�������8���Zn 
�lt���������8����t��88P
�����l�������l�8l������V
��l���t�l8t��8t8�ll��Ce 
8�t8�����t��t���t��88La 
���t�����8���������8��Ga 
���l�l���l���������8��Hf 
�����������W
�����������Mo 
�������8�����t����8Nb 
�����8��8���������8����l���������Zr 
����8�t�8�l8����8t�tY
���tlltl�l88����ttl�����8Rb 
l�8����8���tt8����l����tNi 
8��l�l�����ttt�t�tt�l��Cr 
��t����8�����8lCo 
�88�8��l�8�U
l����8������tTh 

Plg

KF

Her

mm50/0



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A��8

��� ���
	
���
 �.(RS%��>?B�% ��� 
>-4 ?�1�0��� V�/ �
1 �� *�1�  1 *��@6F41 �/ �& ��H��E�F5"HL ?�F&

�41 *25 �H1�1 :
���� ' 2Q�� �1�"E�Na2O + K2O�/ �R�� Si2O]l: [

���%@%7A  1 ��"E� '� ��1�"E� �
1 �� +7 ?�&5g+6�F, �� ���P-� ?+�
 ���"
�)R(+6�F, �� ���"E� �-) ���F41� g)O3(�� ��F�"E� zF
 �

��41� �G1+7 g+6�,)T(�
 2�A g+6�, �� ���"E� z
 �)O2(zF
 �
�
 2FF�A �FFG1+7 g+6�FF, �� ��FF�"E�)S3 ( g+6�FF, �� ��FF�"E� zFF
 '

�6�1 �/ �
 2�A )O1 (�� �1+I �+�,)�1�"E��.(

���� ' 2Q�� �1�"E�K2O�/ �R�� SiO2]l:[
��F�"E� �%F& ��1�"FE� �
1 �� '� ��F��"
� ' ��F41� g+6�F, �� 

�F/ �6�1 �/ �
 2�A g+6�, �� ���"E� z
 ' �
 2�A g+6�, �� ���"E�
K�6	+, ?�. �d4"6� ?2�1 )�1�"E���.(
8��� ' 2Q�� �1�"E�FeO* + TiO2 , MgO ,Al2O3]�:[

�FF
1 ���1�"FFE�+7 ?�FF& ���%FF@%7A  1 �FF�"E� '� �FF5 �� �?+�g+6�FF, 
���"
� �F=&A��
�F�#I �� ��F�"E� ��F�� �g+6�F, ��F41� �F=&A�
�
��#I �� ���"E� �-) �g+6�, �
 2�A �=&A��
��#I �F� ?�. ��+F�, 

)�1�"E���(.

.('�	�P�� ' 2Q�� �1�"E� K2OB/��� �� SiO2]l) [�"7��6� �� �.(

.('�	�@Q�� ' 2Q�� �1�"E� FeO + TiO2�Al2O3'MgO]�) [�"7��6� �� �.(

.('�	�@@�1�"E� Na2O + K2O�� B/��� SiO2]�[),�1+I�+?��"E� !�E7 ���=�A k�4 *�'2M� �� �&.(




n4"*�1 ��	�;��") �*fR4 �H��-
2/�$ �I"c' �����1 ��t

��� ���	N�% ��� !

-�>?B�% ��� 
>-FF4 �H�FFE,�� ?+FF4 ��FF�;7 ?1+FF/  1 �FF�P-� ���%FF@%7A ?�FF&
�41 *25 *��@641 ?�2;6� ?�&�1�"E�:

���� ' 2Q�� �1�"E� Na2O + K2O�/ �R�� SiO2]�:[
��"E� NE& �1�"E� �
1 �� g+6�F, �� �F�P-� ?+�4+7 ���%@%7A ?�&

�� �1+I �
��#I �R5 2�+�,)�1�"E���.(
���� ' 2Q�� �1�"E� SiO2�/ �R�� FeO*/MgO]�:[

��"E� NE& �1�"E� �
1 �� �F=&A g+6�F, �� ���%F@%7A ?�&��
�F�#I 
�� �1+I 2�+�,)�1�"E��8.(

8��1�"E� Na2O + K2O, FeO*, MgO]�:[
�F�"E� NE& �1�"E� �
1 �� �F=&A g+6�F, �� �F&��1+FI �
�F�#I 

�� 2�+�,)�1�"E��t.(

>� C�"� �4�, � �<T( �T��4 ���. �

U� ��.��SiO2

+
���� �\�#�4 �12�� V
1f	1 �/P2O5, MnO, TiO2, Fe2O3, FeO, 
MgO, CaO +
���� f�� 'Cr, Co, Ni�� V&�: 2/�
)�1�"E� �t.(

��1� ��1"�E& �H�E,�� V
12. 2�'� �/ +�1 �
1 .<1+F��|7Al2O3�F7 �
�41 Uv-��� ?�'2O .�� +v� �/ X/�F7 +6%F�/ <1+F��|7 �F
1 �G 24�

 >-4 �
1 �� �"."� ?�& WG"
LW) �"#R7�4�& .�E4 �/ �D�O �
1 �/
>-4 �� V
1f	1 ���"�A �12�� ?2�41 ?�&2/�
 .3�%F� �["F�"� �F
1

�� �G 2&� >-4 �
1 2F��1� JF#;7 �H1f&"G J_�-� �/ �& .V
1fF	1 �F/
 �F6�	+� �F4 ' �F6�	+� '� �&A ?�&2��G1 +
���� �\�#�4 �12��

 �� V&�G2/�
 .? �/ ?�& !+7  1 !+7 �E4 �/ +7 �F
1 +F7 ?2�F41 ?�&
 �F� �� X
+F4 V&�G 2F&� )�1�"FE��t.(zF�=@7 ��FR� +F�1 �F
1

 V
12F. �
 �TA BO1+� �� �&A ?�&2��G1 ?+F4 �� �H�FE,�� ?�F&
�=&A��41 �
��#I .��/ �R�� ^�R7�1TiO2'P2O5�@-� ^�R7�1 '

�=&A ���%@%7A <�p�%�  1 \�#�4 ' 2��G1 �
1 ��/��41 �
��#I 
]��.[+p-$V�/ �/�%� ?��6	� Ti 3A �12F�� �E,�� V
12. �/ ' ��1� 

�� V&�G 2/�
)�1�"E��.(�/ U���1+641 ' U
2�/'� +
���� �12�� V
1f	1
SiO2�� V
1f	1 2/�
 )�1�"E��.(

.('�	�@02Q�� �1�"E� SiO2B/��� ��FeO*/MgO]�[),�1+I�+?��"E� !�E7 ���=�A z��G *�'2M� �� �&(.

.('�	�@3�1�"E� MgO�.FeO*�.]Na2O + K2O].�[),�1+I�+?��"E� !�E7 ���=�A z��G *�'2M� �� �&.(



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A��l

.('�	�@D+:��& ?�&�1�"E�]�[>-4 �/ ^"/+��;��P� ��"� ���%@%7A ?�&)�6� �� ���"7.(




n4"*�1 ��	�;��") �*fR4 �H��-
2/�$ �I"c' �����1 ���

.('�	� >%('(@D>-4 �/ ^"/+� +:��& ?�&�1�"E� �;��P� ��"� ���%@%7A ?�& )�6� �� ���"7.(

V$� 
�=��-� 31'1+	 U
25 �'A��
 >-F4 �F
1 ?1 �F4 �
+F7 �F5�� �F&

  W:"
LW) ?�&�"#/) W:"0��'1��
 2�A (�� 3�%� �G �41 2F&�
 *�"F/ 2F��.  �F	 <�"Q �/ ��&�E,�� 31�"	 !�0-& �� ���: �
1 �G

�41 .�� �& WG"
LW) �� ���4"� ?2-/ ��P-� �".' +Fc1 �� 2�1"7
 ?��� �� �6O �kA ���/ ��%	 +��|7 �� �F9
�"_ �F/ a2F5�/ �F/�c

 �"/ 2&1"C +6%�/  W:"
LW) ��7�"�A 2Q�� kA ��
  ��%	 .BF���
 ��P-� �".' +0
� �F� �F& W:"
LW) �� ?2-/ ��F
  �$+F4 2F�1"7

 �F� �$�/ �: 25�/ �E,�� �";Q k1�F� g��F� ' �F&�"#/ ��F/ �"F5
 25�R� �1+I+/ D��;7 .��"F, �F�", BF�RI �F
1 �B�, +v� +/�-/ ?�F&

R�:+7 ��P-� �/ *1+E& �� �F,(
'  1 �*2F�r�) ?2-/  1 �FC+/ ?�F&
�
 2�A �41 �H1f&": ?�&]��.[fRF4 2F-#R��"& ?�&�"#/ �5��

31'1+	 �F	�
 �"#/ �5�� <�"Q �/ �: �41 �
f�-�'+	 ���: �
+7
 ̀ F�� ?2F-/ U��F�7 +/�F-/ ' *25]��[D"FR�@�A *'+F, �F/ ?�F&

 ;7 `��#:#2��1� J.�� ���F: �
1 ?��$ ���O �� >-F4 *+F�EC 
�E� �	�
 �"F5 .�F4�+/ �F� 3�%F� �&�0%F
�� A ?�F& �F: 2F&�

 ?1�1� BI1 2O �2-#R��"& *2--: 2��"7 �6
 2�A ?�&�E,��82Q�� 
2-6�& kA]��.[���: �"ZO `F
  1 2F-#R��"& B�RI  1 �12/A ?�&

 �F
1 �F��'1 ��Fb@�1 NF#O+� �F/ �6�F/1' ?�1'A�{A �1"� �".' ' "4
���%@%7A 12/A B��� ��& >-F4 �F
1 2F�"� ?�E,�� 3�"/ ��F4�& .
��)","#	 >-4 �
1 �
f�-�'+	 ���: +0
� �NF��& ?1�1� ' *�"F/ �&

 ���F:  1 B9%F6� �%-:1' �2F: ?�F&)�F&A ?�&2��F:1 (�F41 .
���& B�9%7 �F
 ' fRF4 ?�&2F-#R��"& 3"F�1+�) �2: �%-:1' ?�& 

��)","#	 ��"E�  1 �C+/ �� ���: �
1 D��;7 !2$ �/ ��& 12F/A ?�& �



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A���

��1� �06�/ ��� V
1f	1 ' kA �/ d�M� �� .?��F
  +
���� �".'
 ?�&�"#/ �5��  1 � ���7"�/ ' fR4 2-#R��"&��F=&A ?+4 2
 �

��5�O �
��#I*��I D�;	 ?�&�41 ?1]�8.["-�#: ��F:'+�) �F& 
)�
L'1��
L'1 3�6�7 (�F� *2&�%F� �U: �12�� �/ �f�� 2�"F5 .+F&

 ��:'+�)"7�1 ?�&�"#/ �5�� 2-� �."7 �/ +�1 �
1 ' 2����� ����/ 
���: �"ZO �/ ��F41 �F;�R_ �F�7"�/ ' 2-#R��"& B�� �12/A ?�&

 *2FF5 3�%FF� +_�FFC �FF=��-� �FF�']�t[>-FF4 g+FF�EC �� ?�FF&
 ��1� �".' ��:'+�) "7�1 �%�E& ��
��#I �=&A ?+4 ���%@%7A .

�
 2�A �65+4 �: ��7�)A f
� ?�&�"#/ S�R
+�7 �41 �H1f&": ?�&
 �E7 �� ��"E� !�F41 �
�� B/�I �& .�
 2F�A +6%F�/ �� �F& +F
1f. 

��5�O ' �4"I *��I ?�& �� �	�
 D�;	 ?1�"5 .>-4  1 �Z;/-
V�/ �� �
 ' �H1'�& ' 2-#�
1 2-��� ?+
1f. �� d41'2O ?�&-

�6	+, !�� �
 2�A ' *25 �	�
 }"���I1 nG  1 �& ��RF5 ��' 2�1
�
 2�A 2F� �/ 1+
  a2-6��� �H1f&"G ?�& 2F-#R��"& �F��A �� <�

 �� �	�
 �
 2F�A �/ �R�� f�� ' �"5  1 �H1f&"FG ?�F&Al2O3

2�+7+��	 ]����l.[�
2-#�
1 �#G �"_ �/ �& �
 2F�A �/ �R��
 +F6EG ���"F�A ?1�1� ' +7�"#/ f
� ����/ �H1f&"G ?�&)dF4"6� =

�l2Q�� (+
���� f�� 'MnO �TiO2����/ BG �&A ["Eb� '
�1� ' 2�+7��
  +
���� ?1SiO2�K2O'Na2O2-6�& ��/�%� .

["F� '� �F
1 ? �F412. ?1+F/ qF4�-� ]'� z
 }�41 �
1 +/
 �FP/1� ?+F�, ��=/ ��
 2�AAl2O3/FeO + Fe2O3�F/ ��F41 

�
 2�A �� �R�� �
1 �G ?�"_  1 +6%F�/ �H1f&"G ?�&��� '
�
2-#�
1  1 +6EG �&��41 .>-F4 �� ��"F� ���%F@%7A ?�F&
 
1 ��4�+/ ��/ �R�� ��8/��788/�� �F� +��|7 2F-G .�F
1 �F/

 �F� +Fv� �/ <�M��"7 �
 2F�A �FG 2F4� ["F�  1 �F�P-� ?�F&
 2-6�& �H1f&"G .�
 2�A >-4 ' �H1f&"G ["� ?�& �6�F/1' ?�&

 ��F5�O ' �F4"I +
1f. n#6�� d�M� '� �� +6%�/ 3A �/ ?�F&
*��I �F� B�9%F7 ?1 �6F5+4 `F
 +F& ' 2�"F5 ?1 *(F
' ?�F&

2��1�.�
 2�A ��/ f
�E7 *".' �r��-� �F/ JF#;6� �H1f&"F: ?�&
 ��5�O ' �4"I +
1f. *��I ?�& D�;	 ?1]�8[�6F51� +v� 2� 1�

 U�5�/)D'2.�(>-F4 �F�1'1+	 �F/ �F."7 �F/ ���6�F41� ?�F&
 >-4 312�	 ' �6��"
� ' �6
 2�A��6�41� �
 2�A �6�1 �F/ ?�F&

 �=&A ���P-� �� ?+�5+7 �/ �6�/1'�"/ �
��#I 3A ���E7 3� ��&
 ?��/ 2Q��SiO22-#R��"& ?�&�"#/ �5�� ��
  �12�� �".' '

�� ���7"�/ '>-F4 �F: �@, 31"7 ?+�F5+7 ���%F@%7A ?�F&
 �,(
' �/ ���P-� *��I D�;	 N�5�O ?�& 1� ?+6%F�/ ��1"�E& ?1

�FF� 3�%FF�2FF-&� .*�1� N�FF
��� ��FF-rE& ' �
��E�FF5"HL ?�FF&
 >-F4 F�
�7 1� ["F�"� �F
1 �6C�-F5 �F� 22F-:.+7��F/ +
��F��

U,K,Sr,Rb,Ba,Zr,Th �R�� '+7��F/ ?�&K/Rb 'Fe/Mg 
�41 �51�+/ �
1 g2--: 2�
�7 f��]��.[*�1� N�
��� ��-rE&-

�6C�-FF5 >-FF4 ' �H��E�FF5"HL ?�FF&)D'2FF.�(��3A 2FF

�FF41]�8.[?��FF/ �R�FF�87Sr/86Sr)�FF/ +FF/1+/��l8/�(��
>-4 ��P-� ?�&]��[��3�%� 2�1"7 2FO ?�&�E,�� �,�"�A  1 

�64") �1"� +c1 �� d41' �64") *�064�C �
 ' ?13A ?1 2F5�/ �F&.
' <"� D�E5 3L"Y��) ���%@%7A �: �41 3A +/ �'�/ �-��  �
1 ��
 ' <"F� e"#/ +
  �/ 3�|	1 NI�' V�1�'+	 �/ ^"/+� 2-.+�/ k+|�

 S�FR
+�7 ��E$1 �� *2�1�'+	 �4"���I1 N64") k'{��� +6�"F#�: ?
�41]��.[

+/�FF-/U��FF�7 ?2FF-/ *2FF5 �FFH1�1 ]�����[!"FFR�'+/?�FF& 
>-4 �� �"."� �6��"R�@�A '�  1 �F�P-� ���%@%7A ?�& *'+F,

�FF� B�=%FF72�"FF5 .' fRFF4 2FF-#R��"&  1 B9%FF6� D'1 *'+FF,
 �F	�/ ' *�"F/  W:"
LW) ̀ �6F4W/"7�E� ?�F& `�6F4W/"�1+, '

2��1� .&�RF5 ' !"FR�'+/ ["F� �F
1 �E�5 f����A zF
 �F/ 1� 3A �
�� 3�%� �6�Y�"7 ? �/ q�:+7 �RF5 ��RF5 ?�'2FO �7 �: 2&�

? �FF/�FF41 �FF�P-� �6��"FF�	1 NFF$"Eb� ?�FF&]t.[+FF0
� *'+FF,
���"R�@�A *"�I ?�&2-#R��"&  1 �-T ?�& +F��|7 V�F/ ' UG ?1

 �41  W:"
LW) ' fR4 2-#R��"& �/ �6	�
 .2&1"F5 �F/ �F."7 �F/
 3"E-C� �".' �#E.  1 �H1+MQ �F��"R�@�A  1 �9�"F: ?�&-

*�"F7 ��-G �� �6��"�	1 N$"Eb� ? �/ ?�&2O1'  1 BQ�O ?�&-
�&�RFF5 ����%FF@%7A ?�FF&���FFG ?�FF& ?�'2FFO �FF7 ' �FF4�-5

 �� ��H��E�5 !"R�'+/ �
1 �: �@, 31"7 �F��"-
  �& *2F-G ?�F&
 ��"F,+,� �F_ ��F�� �: 2-6�& ��P-� �6��"�	1 �)  1 *25

��O�� -� �G �4�7+G +C1'1 ?1 (F�W� �F��"�	1 ?+�0
�F. �F/ +Fb
 *��I �64") ?'� �"%G �'�C g���FC� dF41'1 2FO �� �*2F5 ?1

 ���"R�@�A)fR4 2-#R��"& �"ZO (*���C� 3A +C1'1 �
 ')�"ZO
 *"F�I 2-#R��"& ��FG'+�)"-�#G ' ?1 (\uF4 ' *2F5 3"F,+,�

 *"�I ?�&2-#R��"& * 12,  1 �5�� ?��+, +�c�7 �M7 �/ *��/'� ?1
 2-#R��"&*25 B
2R7 fR42�1.




n4"*�1 ��	�;��") �*fR4 �H��-
2/�$ �I"c' �����1 ���

����0*�1� ��
��� ��5�O ' �4"I +
1f. �
��E�5 ?�&*��I ?�& D�;	 ?1]�8[���%@%7A '2-.+�/ D�E5 ?�&.

WX�� ���5 ��(1� &.�5 >
��# ���������� ����
� ��	� ��� 

SiO2���l��l�l�l�/�� �l�/ll 

FeO/MgO �<�>�/����8/�

K2O/Na2O�/��/���/��/��t/�

Rb(ppm) tl�8��������tl�tt

Sr(ppm) t�� �8�� ��� �l�� ��t����� 

Zr(ppm) ������� ��� ���t ��8���8 

C�.' ��.�<� Cpx,Opx,Hb,Bio,QCpx,Opx,Hb,Bio,QCpx, Hb,Bio,Q,Plg 

�
�G�H
G 

���41� ��
 2�A ���1 �/

 ��6��"
� ?�1'A�{A
���"
�)>-4 UbO ?�&

/ �6�1 �/ ' �6
 2�A!+7 +-

��41� B�� ?2�41 ?�&
 ?+7+/ ���"
� '

��1�.�
 ' k�
�� ���"
�
 ����/ ]+6�, ?1�1�

�41 �:2�1(

����"
���
+RE-0
1���41���
 2�A

��1 �/)��41� UbO���"
� ' �& �&
�� ��
  ����/25�/(

��41�"
�� �
 2�A ����� S�7�2� �
 2�A

�6�1 �/?�1'A�{A '' ?2�41 ?�&
d41'2O 

������	N�% ��� 
�12�� �/ ��6�Y�"7 S�72E$

 S�7�2� ' ���9�A"9��: +6E:

���9�A 

+6E: �12�� �/ ����9�A"9��: S�72E$
���9�A S�7�2� ' �6�Y�"7 

���9�A"9��: S���E7 

���"-
  ��F�-, ?�F& qF�:+7 �F/ �F."7 �F/ fF�� �6���F�"7
���FF: 3A �FF4�-5)�U�FF4�6) <�uFF42#	 � W:"FF
LW) �f7�1"FF:
)"-�#G���FFG'+��FF�7"�/ �@FF41 '( 1 *2FF5 *2FF-G <�FF;PI 

���1+,"
LW)?�& �6�/1'���"�	1 �/ ��P-� �) ?�&2-6�& .
���"-
  �F,+/ \#@��"F& ["F� ?�& >-F4  1 �7�F;PI �?1 ?�F&

�,+/ �F�O�� ��"F,+,� ��FO �� ��F�� �FG 2-6�F& ?1 �F/ ?1
 \uF4 ' *2F5 B
2R7 ���5 ��7"�/ ^"�F4 +Fc1 �� 3'�� �F/ 

�E,�� 
 '* 12, ��7 �3"F,+,� \#@��"F& ��G'+�) g���C� 2O 
*25 2�1.

C�('�� 
��>-4 �
 2F�A��
 2�A B��F5 ��F�P-� ?+�F5+7 ���%@%7A ?�&

��6�1 �/ ��
 2�A �:1+7 ��6�1 �/ �
 2�A �:1+7 ��41� ��6�41� �
 2�A
 �H�FE,�� ?+F4 �/ ���&�� +v�  1 ' *�"/ ���"
� '�F=&A��
�F�#I 

"6� U�4�6) ?1�1��6�/1' d42�1.
��>-4 g+6�, ]+6�, >-F4 �F/ *1+FE& �FG ?�1'A�{A ?�& ?�F&

�� *2
� ���%@%7A���: ��1'1+	 f�� ' 2�"5 2-#R��"& B�RI  1 �12/A ?�&
 ' fR4��)","#	 >-4 �� �12F/A +F/ �F��� ��F�P-� ���%@%7A ?�&

��1� ���A ���� d41'2O ?�E,�� 3�"/.



>-4�4�-5'�E�5"HL >-4+7 ���%@%7A ?�&5D�E5 ?+��
�4�-5 ' 2-.+�/ k+T '!"R�'+/?�&3A���

8����: 2&1"5 JR_ HL ' �4�-5 ��", ��", �#E.  1 �H��E�5" ?�F&
 �� �F�7�)A ?�F&�"#/ �"ZFO ��& WG"
LW) �� ?2-/ ��P-� ' �R�G+7

 ��"E� NE& ��
  S�6R�� �12�� � �&Al2O3) 1 +6%�/�l2Q�� (�R�� '
Al2O3/FeO+Fe2O3  1 +6%�/ �)+/1+/�8/��788/��(�
 2�A ��&

��41� '2-6�& �H1f&": ["�  1 ��P-� ?�&.
t�' fRF4 2F-#R��"& 31'1+F	 �"ZFO �/ �."7 �/ �F�)","#	 �BFM� �

>-4 B�9%7*��I N�5�O �/ *25 ��
 ?�& V�1�'+	 BM� �-;
 D�;	 ?1
��1� ��1"�E& �<"� e"#/ +
  �/ 3�|	1 �I�'.

l��E� +v� �/ �	�G �"."� 2&1"5 2-� +& g+6�F, NF-�1� ���' 24�
 2. ?�&2�'� f�� ' k��E: +Q�-$ <1+��|7 �F$+	 ' �#FQ1 +Q�-$ V
1

 >-4 �� �� ���%@%7A ?�& 3�%F� ?�'2FO �7 2�1"7 V
12F. g2F-&�
 25�/ �H�E,�� .��1'1+	Zr ?��/ �R�� '87Sr/86Sr)�/ +/1+/��l8/�(
�
 2�A ?1+/ ��41� ' �& �� ��P-� ?�& �64") *�064�C N��%� 2�1"7 ?1

 *�"�A �
 ' �E,�� N#�4' �/ �";Q D�O �� ?�E,�� 325 �6F4") �1"� ?1
*�"F7 +6%F�/ �� �FG *(F
' �F/ a25�/ !"FR�'+/ �"ZFO 2&�F5 �F& ?�F&

 �,+/ �R5 ' �6��"R�@�A U�6�& ?1 .��5�O �".' *��"FC ?�& �� *2F5
 ��5�O ' �& W:"
LW)  1 �C+/ �F� �F&f7�1": �� �Fb�#C ?�F& 2F�1"7
 25�/ �H�E,�� ^W6C1 +0��%� .31"F6/ 2
�5 �*25 ��
 ��1"� �/ �
�-$ �/ 

���%@%7A ?1+/ 1� �R�G+7 *�064�C `
 +Fv� �� ��P-� ?+�4+7 ?�&
�	+,.

��!"R�'+/ >-F4 �F
1 �� �"F."� ?�& �6��"F-
  ["F�  1 +6%F�/ �F& 
)���"R�@�A \�-, ��& \#@��"& ' �6����"7 ?�& �6�#) ?�& ( 1 +F6EG '

�6��"71 ["� )�6����"7��6
�"
� �
 ' �6�41� ��6
 2�A (2-6�&.
���/  1 �6	� �/�	����F: �"ZFO ' +F7+/ �06	�
 �E4 �/ ?�& ?�F&

 ���"-
  �� �
+
�+: B�� ��+, �/ }��O  1 �F-T ?�& �F�)","#	 '
*"F�I ?�&2F-#R��"& B
2R7 �F��"-
  �� fRF4 2F-#R��"& �F/ ?1 ?�F&

���"-
  �
1 325 ��#@��"&  1 3�%� �6��"R�@�A��1� �& .

Y�(�% 
[1] Camp V. E., Griffis R.  J., “Character,  genesis and 
tectonic setting of igneous rocks in Sistan suture zone”,
LITHOS 15 , (1981) PP. 221-239. 
[2] Tirrul R., Bell I. R., Griffis R. J., Camp V. E., “The 
sistan suture zone of eastern Iran”, Geological Soc. Of 
Amer. Bul. V. 94. (1989) pp. 134 – 150. 
[3] Ohanian T., Tatavoosian Sh., "Geological map of 
birjand, sheet No.7855, Scale 1: 100000", Geological 

Survey of Iran, 1975, Final reservision: Eftekharnezhad, 
1986. 

]�[nFF4"
 ���FFO 2FFEM� *�1  �"fFF�L'+6) ' �E�FF5"HL ��FF	1+,'+6)
>-4 ��%@%7A ?�& *(F
' �F5+0� �/ n4"C F2-.+�/ ��P-� ?+�4+7 �

3A�� �"."� ?�&'W9�1+/"3�
�) �*�0%F�1� �?L"F�'+6) ?+F6:� *�'� ����
 �6%�/ 2��5)1+.1 D�O ��(.

[5] Maitre R. W. Le, "A Classification of Igneous Rocks 
and Glossary of Terms', Backwell. Oxford, 193pp., 1989. 
[6] Jensen L. S., "A New cation plot for classifying 
subalkalic rocks", Ontario Division of Mines, MP 66, 
22P. 1976. 
[7] Irvine T., W., Baragar W. R. A., "A guide to the 
chemical classification of the common volcanic rocks",
Canadian Journal of Earth Sciences, Vol. 8, pp.523 – 
548, 1971. 
[8] Miyashiro A., "Volcanic rocks series in island arcs 
and active continental margions", American Journal of 
Science, Vol. 247, pp 321 – 355, 1974. 
[9] Harker A., "The natural history of igneous rocks",
Macmillan, New York, 384pp,1909. 
[10] Gill J. B., "Orogenic Andesites and plate tectonics”, 
Springer, Verlag, Berlin, 1981. 
[11] Leake B. E., "Nomenclature of amphiboles 
"Additions and revisions to the International 
Mineralogical Association’s amphibole nomenclature", 
American Mineralogist, Vol. 89 (2004) 883-887. 
[12] Burnham C. W., "The importance of volatile 
constituents", Ch.16, pp. 439 – 82 in Yoder,H.S.(ed), The 
Evolution of Igneous Rocks, Fitieth Anniversry 
Perspectiyes, Princeton Univ. Press, Princeton, New  
Jersey,USA, 1979. 
[13] Jakes P., White A. J. R., "Hornblendes from 
calcalkaline volcanic rocks of island arcs and continental 
margins", Am. Mineral. 57(1972) 887 – 902. 
[14] Kuno H. "Petrology of Hankone volcano and the 
adjacent areas in Japan", Geol. Soc. Am. , Bull. 61 
(1950)  975 – 1020. 
[15] Carmichael I. S. E., "The petrology of Thingmuli, a 
Tertiary volcano in Eastern Iceland", J. Petrol.5(3)( 
1964) 435 – 60. 
[16] Wilson, M., "Igneous petrigenesis", Academic 
Division of Unwin Hyman LTD(1989). 

]��[� >�"
 .31��9E& '�"6C�-5 >-4 �F5+7 �
�E,�� ����;	 �+?
���EF5 <"F� �F�O�� ��)31+F
1 �'�FC"(*��EF5 ]�1fF, �l�3�� �F4 

���  �"%: �4�-5)���8.(




n4"*�1 ��	�;��") �*fR4 �H��-
2/�$ �I"c' �����1 �8�

[18] Lotfi M., "Geological and geochemical investigation 
on the volcanogenic Pb, Zn, Cu, Sb ore mineralization in 
Shurab-Golechah and NW of Khur (Lut, East Iran)", Ph, 
D. Thesis. 151p. Uni.Humburg, (1982). 
[19] Didier J., "Etue petrographique des enclaves de 
quelques granites du Massif Centeral Francais", Ann. 
Fac. Sci. Univ. Clermont – Ferrond, 23 (1964) 254p. 

[20] Didier J., "Granites and Their Enclaves", The 
Bearing of Enclaves on the origin of granites. 
Development in petrology, 3 Elsevier, Amesterdam 
(1973)393p. 
[21] Didier j., Barbarin B. "Enclaves and granite 
petrology", Elsevier Science Publishers (1991) 625p.

 


