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و دما  افيوليتييدر مجموعهو اولترامافيكمافيكهاي آذرين فشار سنجي سنگ-پتروژنز

 شرق بيرجند

، غلامرضا نوروزي، احمد آريافر*رادفتوحيغلامرضا

�� � �!�"�� #$%& ,�"(%)* ��"(%)* #�+,�-� ��!�"�� #�.,�-� 

ــده 
300 1�002!00"/:چكي�(600 45	($600 ��	-%7�$-�� ��!��00*% �800�600 *�00 
 �0098:;�1�7)�800)	- �7�00*-$�00�- �00< ��=%00> 
�00"(%)*)3)00* ��00*?8! ��@800"( �00A B�:00> C00
D& ��B�:000> (E00F-$ #�00> �00!- .H
�007� 1�002�-�8:� ���00<�000!�"> $

�
�):)00>8IJ ��,00� �00��002� �00< �002$%*�& $1�-�00 A K-�)A$�00
%L�002 �00* 1%00! �700>�M�- 1�00:&�� @�800� �$K N%7�00&
 �007	�
1O00< P8��000)F- �000��-� �+7�00*-$ $1�-�00 A %00+
� D000)� K-Q-800�- �8000&%&�)�00)�87RA �002(�"7�0002 .1%00! �
�000:&�� 
/"00!1�002 300
�45 ��800� �00!�%* %00* P�00!- 1�002�-�8:� �
�):)00>8IJ �7)S�800A �00!- .��*�,00� 1�0028+�- %00T�"9 @�00):< 

�� 1�002�-�8:� �A800MR"9 D00)� �+7�00*-$ 300
- /"00!�002 -��00* 1�00:&�� �7�-K�00* Q800� @�800� �00)
UA 00���00"V .H
�007� �00��W
�;"!��,00	 1�-�00 A K-300
- /"00!�002 �00< %00* P�00!- 1�00"* �00(��1�002 O00X7�� �M00!�Y� #�00>�00�- �
�002��� 3)00* �ZZ 

�000(��1�-%+)7��000! ���0002$%*�& �000A �[�Z �000(��1�-%+)7��000! ���)A$�000
%L�0002 �000!�* #�-� �000!- .1-%000* �8000XMA 3000
- 
/"00! %00* ��002 P�00!- \�M00!�Y� ]%00� �-D00	- 600��<8�%A �00"X2 $�
�002��� �B$�00L 3)00* ^Z_ �00(��1�-%+)7��00! ���002$%*�& 

�0000A �[_[ �0000(��1�-%+)7��0000! ���)A$�0000
%L�00002 $�
�2��,0000	 3)0000* Z`/�^ ��$%*�0000& �0000A ^/[Z $`/aa ��0000*8X)< ��
�)A$�00
%L �002 �00!� �00* �00���5 .300
- b00Xc- 1�002��� �00!� �000* #�00�5 d8e00�* 1�002��� 600��<8�%A 1-%00* �800XMA 3000
- 

/"!�2K-1�:&�� �"c K-f
D)"� Q8� @�8� ��6
D<%� N%7�& O<�!8��)F- ��g"� ���
�:� .


- /"00!1�0002 300	�1h�7)�8000);:�0098:هــاي كليـــدي واژه�6000 45)	�� $h600)	��-%7�$- 1%000! h�700>�M�- �000��W�;"!��,000	 
W�"(%)*.

 مقدمه

�00098:;�1��000*?8! �7)�8000)	- W�X000T�	 �� �C000
D& -
�� 1- �$�00000i �[j %00000> 1%7�800000X)< �� �00000"(%)* =
�,00�� �k%2�00> $ 600
D& �00!�"> 3)00�K 1�002 ]�[E00F-$

 �000!- #�000> .�k%2�000> $ 6000
D& no�000"���"p �� �000R
qR00> 1�002��[$a�00� #�2�,00� 800>��-%00
- =%00> �� �

�7	%& �-%F��- .

�00)�8)	- 000*%c B�:00> 1�000�$� �000* �-%00
- =%000> 1�0002�0
@800"(F%00>��� #�$D00	- f002 �00* 1�2�8,00"� \�800T �00* 

F%000> @8000"( �=%000>�$D000)� =%000> $ �000"(%)* @8000"( 
�-�00"M����� $�00	�M:2 #�00> E00F-$ r800A� $ �00� 1�002�00�- 

)qR000>a(K- s)000* $a�#��8000k N8000( �$K �000T�� 1
��7�0000)!�0000� q)R,0000A -� �0000"2� ][[�t0000 * �� �0000<

#�> u8X�� D)� s)X	 1�2��K�! �* no�"���- .
∗3vXA �B8S�� #�"�
8� W%*�:�:[j�[�^_ )�j`�(�$%7.�- ��L ��.) :gfotohi@yahoo.com 

B�!f7�)* w��:> �Z���7��K��xYvT K- �`_j �A ^�� 
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ــكل ��0000�p 1�00002�:[j�F8� N8& (�0000 ��1�,0000شــ��� 
�k%2�0000> )���:0000> #�0000> #�K�80000>�2 s0000�* (60000
D& $

)�*8"( s�*(�-%
- �,�� ��.


� �"2�gشكل�)	-%y( �) F8��1��8� �!�%*#-� $1�2 �o�MA�- .

# !(�7�000� *%�!800� �000��00> #��000! �00!�">�000�g"� K- 1-1�00�K �,000��3#(3شــكل��800k N8000( �$K �� �00�g"� �000M
%�A �00) F8� �00< 
])[([�� ��,� D)� -��2�.
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�X([�#��:> �Z��7��K ��a�� L��� $ D�J$%7W/"! �;"! %,	 3
�45 1�26)	��6)	��-%7�$- $��. . .`_^

�000�g"� ��1��8000� �000!�%* 3)000"p D000)� �7) 000z$ 
�000� #�2�,000� s)000X	 1�2��K�000! $ �000)�8)	- �000< �8000>

 #�,00� �800&%&� $ #�00> �800&%&� )00*�u800X�� \�800T (�00*
�7000!-�000*%c B�:000> 1�WF%000> @8000"( �s000�* �� 1�0002

 s000�* $ 6000
D& N8&��000�p ���:000> $ 1D000<%� 1�0002
 �80000:"k� �k%2�0000> N8&��0000�p 1D0000<%� $ �*80000"(

�80000:"k� $ �0000��-��0000)i�� �� � )0000!$ {�7M�0000� 1�000021
�$�00;� )�00)i��1�00"(%)* (�00*�:00! �00� ��,00� @%00c -
�0000"2� .�0000)i�� 3
-%0000* �0000"*1��80000� �0000!�%* �0000�"A 

#�000��-�%*��1#��000"V 1	- �$K 3000
- �F%000> |�D000* �7)�8000)
�!- .

 بررسي مورديشناسي منطقهاي از زمينخلاصه

-D0000(-1}�,0000� 3)0000�K 1$� �0000< �0000�g"� �7)�80000)	- 
#�00> �-%00F �00* 3)
�00L �00* ?�00* K- �00�-�00�%
K :#K-�00& 1�002

 \%000p �#�000> �8000&%&� �,000��* �000
�?8
�-� $ �0002 1�0002
 #K-�00& �%~00!-J $ 1�-800��800A $ �0021K�00* 1�002 K- �00k%* �00V 

�5 �002�8000&%&� #�00> �000�- 600
-� ��Yv00T 1�0002 ��)�000* 1-
 �00
%�$� $ �002 $%*�00&$%R)� �#�00> �800&%&� �t00 * �00< �002

 /"00! 300
- 1�002�D�$%* #�00> �800&%&� �002-1�002$%*�& ��00�
�000
? $ 1-�%+���000:2 �8000&%&� $ #�000> �8000&%&� Q-8000�- K- 

/"00! �#�,00� 600)	��-%7�$- 1�002 �t00 * �00V $ �")7��L%00! 
#�000> �8000&%&��000�-��000"*%:V )�$K (��8000&%&� s000�*

�)�8)	- �F%> q).,A -� #�-���- .)q.>a] (a.[
00* ��00)�8)	- $ s)00X	 �00X< �800o #�00> u800X�� 1�002

 K- %000)y7� \�000> �000* ��8000&%&� 6000
 %)�U000A �000YA ��5 �000*
�000(�� ��8000&%&�1�000(�� ��8000&%&� �000A 3)
�000L �000X)k 
#���000k� 1?�000*1�000!- �0007	%& �-%000F �000
J8X<- ]a[.K�000	

 ��800&%&� $ qR00> %00))yA �X00T- �00
�L %00*1B�00! �;"00! 
�L8000A$D
-]Z[3)7,000
%7!�� �000A 3)��000~��V �000o)�000" 


3)�000L �000!�A%V �� (�0007	%& q.000>�000!- .��8000&%&� 3000
-
 #�-� �� �0000�g"� %0000* fV�0000i s�-�$%0000	 �0000"
5%	 3:0000z

�000!- ]a[.600025 q)�000	$%R)� �000* �0007
%R)� 1�0002 1�0002
 �00� ��,00� 3
%00
K 3)7,00
%7!�� }k�00> 600
 �00< �002�

�000z8i1�<8000k �,000L �
�000
�� ]j[000A q000Y� �� �� ��% 

/"00! 300
- {-�00 * �000< �700>-� �800($ ��00�K 300
- �000* �002
 #�0000> u80000X�� �0000��� �0000)�8)	-�0000�- .@80000!�1�00002 

000* $ ��8000&%&� �$�000* 3)�000L 3)7,000
%7!�� �\�8000T
�!- #���>8L -� �)�8)	- �M)>%&�]a.[

 پژوهشروش

K- �000L�000!�%*1�0002 $ �
-%Y000T /"000!1��000+� 1-%000*
�000!�%* 1�2%)�000vA $ �
�):)000>8IJ 1�0002/"000!�000!�"> 

�000�8:� K- 1�-�000 A�)A$�000
%L �+"000! 1�0002 �0002$%*�& $ �0002
 N$� �0000* �-%0000�A P��0000� �0000)*%A #�+,0000�-� ��XRF�

�k�"00> 1-%00* @�00):< $ �X00T- %00T�"9 ���00> D)��00�5 �00< 
B$-�( �� �2D)���5 H
�7���AZ#�> �I-�- -��.

3)000"�:2 /"000! K- �000�8:� �000! ��8000� 3000
�45 1�0002 
�000!�%* 1-%000* �000!�%*�000")�K 1�0002W"000!��� �;D000)� $
/"000!�000!�"> %000+
� 1�0002 @�000�7�- $]8000X9 #$%000& �� 

��7�00X+�- %7�00�"� #�+,00�-� 3)00�K K- #��v700!- �00* $D00
�
#�0000�$�V�0000�$%7.�- 1D)��0000�5 ���0000>h��80000� #�+70000!� 

30000
- �� #��v70000!-s2$�0000L3R0000!-8IJ 60000
 �k�0000!
 f7�000)! �000* qe0007� �000< �8000* H
%000M:<QX- 2000 

�00
D;A $ �00!- ��8v�00<5 �k�00! �002 #��v700!- �00* C00
 K-
#�"0000>�L H"0000! @�0000")* 1)EDS (80000A%L X��0000F� �0000*

 �$�00i[/��00�K$ �00T�� �00	%& ]�00;�- �.N$�00V 600
 �00*
 #�000"2� @�7000> J�0007�$115 kv N��:000> ��000�K �000* Z�

�)Ye000A {�M000F �000< �000> ]�000;�- �000
D;A %0002 1-%000* �000)���
 ��0000<�8kZAF ���e0000A- �-D0000	- ]%0000� K- #��v70000!- �0000* 

ZAF4/FLS �000	%& \�8000T .�000R"
- q000)�� �000*EPMA 
�-�0000�� Fe2+ $Fe3+�0000:� -� D
�0000:7� $ 3)0000) A �0000�-8A 

��00"< Fe���00< �00
 �00
�* �002 \�8e00*Fe2+ 00* �00
 $�\�800T 
Fe3+�800> #�-� .300
- ��s2$�00L ���00< 1-%00* 30025 1�002

3�000<$%)L �000"��� 1�-��M�000� �000< �0002 K- 1%000)y7� 1�0002
Fe2+/Fe3+ �-�0000�� ��0000��-� Fe3+ �0000��� � K- #��v70000!- �0000* 

�$�� ]`[P�00!- %00* 00! %e00"9�;"���00< 1�002 #�00> ��00

��$-%00*�00> .�00g�� D)��00�5 H
�007����00V 1- �00�8:� �00! 1�002

 �� �+"!B$�(1�2 j$`#�> �I-�- -��.
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1000جـــدول D;A H
�0007��1XRF/"000! @8000o%� �:)000> $�00098:;� 6000)	��-%7�$- 1�00021�7)�8000)	- )a000�8:� �1���000!� �� �000p �:000! 
1%7V�]a[$[�8:� �1�!-� �:! ��2$�Ls�$� #1�>�- �!�">��< ]�_[�*�!�#��5��-(.)n.d.= not detected(.

An-4* An-19* FGa2 TDF4 FSD1 Sample 
�
J�8*K��2 �
J�8*K��2 �7� �)�$K%� �
J�8*K��2 �
J�8*K��2 �7� ��8:� ]��/�2 �)�<- 

`Z/a_*a�/Z� �a/a� _j/a_ a^/a_ SiO2

Z[/��Z/��Z/�a[/�^�/�Al2O3

��/�^`/�_^/�a�/���/�Fe2O3

^[/`�`/`a[/_a[/_�[/_FeO 
�[/��a/��[/��a/���/�TiO2

��/�j[/�Zj/�Za/��[/�CaO 
^�/a_ _�/a_ ja/a� j�/a` j^/a� MgO 
�Z/��j/��^/��`/���/�Na2O

��/��[/�n.d.* n.d. n.d. K2O

�Z/��^/��[/���/��a/�SO3

�a/��Z/���/���/���/�P2O5

��/���/���/�[[/���/�MnO 
��/�[ a�/_a`/�``/�[^/�� LOI 
`j/�� Z_/�� ^_/��� �a/�� �_/��� Total 

ــدول 
2000جـD;A H
�0007��1XRF [_�)A$�000
%L �<�000k ���000� $ ���000� %e000"9 �00098:;� 1�00021�7)�8000)	- )b�000i%*PPM .( %000T�"9
 b�i %* @�):<s�* �8)X)� �� )ppm (�!- $n.d.= not detected .

FSD1 TDF4 FGa2 Sample 
�
J�8*K��2�7��
J�8*K��2�)�$K%���8:� ]��/Element

a<a<*a<As 
n.d. n.d. n.d.* Ba 
�n.d. n.d. Bi 
Z[aZa�Ce 
��a��Z��`Co 
[[j�[Z��[�`jCr 
n.d. n.d. n.d. Cs 
n.d. n.d. n.d. Cu 
aZaGa 

n.d. n.d. n.d. Hf 
n.d. n.d. n.d. La 
aZaMo 
Z^ZNb 
[Z[j[`Nd 

[Z[j[Z��[Z�[Ni 
���Pb 
�n.d. [Rb 
[aaSb 

n.d. Zn.d. Sn 
[ZaSr 

Z�_j��j�^Ta 
[��Th 
a`[U
Za`�Z�V
��������`W
ZjjY
Z[ZaZ_Zn 
`^jZr 
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�X([�#��:> �Z��7��K ��a�� L��� $ D�J$%7W/"! �;"! %,	 3
�45 1�26)	��6)	��-%7�$- $��. . .`_�


3000جـــدولD;A H
�0007� �1XRF/"000! @8000o%� �:)000> $�00098:;� 6000)	�� 3000
�45 1�00021�7)�8000)	- .x000�8:� �000�"AAn-3 N$� �000* 
�!- #�> �
D;A @8o%� �:)>.

*An-3 FSD18 BGF5 FJ1 FJ8 NSF2 Sample 
$%*�&�
�8
�$%*�& �7�$%*�&$%*�& �7�K�*�
� �7��
�8�$%*�&��8:� ]��/�2 �)�<- 

^a/Z`_^/Z�Z^/Zj^�/Z^Z_/j[Z�/a�SiO2

_�/�^^_/�[^[/�^aj/��j/��[�/�ZAl2O3

`�/��^/�j`/�^a/�^^/��_/�Fe2O3

^�/[``/_�Z/jj[/`_`/`^�/_FeO 
[�/��j/�[j/�[[/�[`/��[/�TiO2

^^/�`[[/[[^a/�[[j/[_j�/��a�/[�CaO 
_�/_[a/^�j/��a�/[_�/��[_/�MgO 
�j/��^/���/[��/�ja/[`[/�Na2O
[a/��j/��a/���/�[�/��_/�K2O
��/��Z/��[/��a/��[/�Z�/���SO3

�[/���/��[/��j/��[/���/�P2O5

�`/�Z�/�[j/��_/��_/��a/�MnO 
a�/a[`/Z�a/a�_/Za�/�a�/jLOI 
j[/��^^/��_�/��a�/���_�/��Z�/���Total 


4000جـــدولD;A H
�0007� �1XRF 1-%000* [_/"000! �<�000k ���000� $ ���000� %e000"9 �7)�8000)	- �00098:;� 6000)	�� 3000
�45 1�0002 
)b�i%*PPM()n.d.= not detected.( 

NSF2 FJ8 FJ1 BGF5 FSD18 Samle 
�
�8�$%*�&K�*�
� �7�$%*�& �7�$%*�& �7��
�8
�$%*�& �7���8:� ]��/Element 

a<a<a<a<a<As 
�_[Zj�[��a�Ba 
[�Zn.d. [Bi 
Z�[aa_aj�[Ce 
j[Z`[�a�a�Co 
�ja``�_jj^_�[jCr 
n.d. `^��ZCs 
�_n.d. a^j^Cu 
�[�����Z�^Ga 
n.d. �n.d. ��Hf 
an.d. _ZaLa 
an.d. ���Mo 
[aj[ZNb 
[�[�[a�`[_Nd 
�jZ[�����Z[Z`Ni 
��[[�Pb 
��^�jZRb 
a[�[aSb 
j�n.d. [�Sn 

`�_[`^�a�Z[[a[jSr 
[[aZ`[��Ta 
n.d. �[�n.d. Th 
n.d. n.d. n.d. �aU
[�Z[[`Z_�[[[a�V
�^���`[�W
��a[a�[`Y
j��`[�[jj�Zn 
[�[^��j^Zr 
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�7���$%7
5Hجدول .�- N$�V D
��)A$�
%L �� 3
8)�- �2.
FSD6 TDF4 Sample No. 
ol-ave ol-ave Oxides/ Min. 

j�/Z� ^�/Z� SiO2

�Z/��_/�TiO2

��/�n.d. Al2O3

�[/���/�Cr2O3

�`/��Z/�FeO 
�a/��`/�MnO 
��/j� �[/Z� MgO 
�Z/��j/�CaO 
�j/���/�Na2O

�[/��a/�K2O

_j/��� ��/��� Total 


�6جدولD;A H
�7� 1N$�VD
�3�<$%)L �)A$�
%L �� �2�
�8�$%*�& $ �2.

FSD6 TDF4 FSD6 TDF-4 NSF2 NSF2 Sample No. 

opx-ave opx-ave cpx-ave cpx-ave cpx-ave opx-ave Oxides/ Min. 
�Z/jj aa/jj `�/j� Za/j[ `a/j[ �j/jZ SiO2

__/a`�/a`[/Z^�/Z[[/[[_/�Al2O3

^[/�j^/���/��a/��a/���/�Cr2O3

jj/�`�/�Z^/�n.d. `�/[Z�/�Fe2O3

ja/j[j/j[_/�`�/[^`/ja`/�_ FeO 
��/��[/�n.d. �^/��[/�[_/�MnO 
�_/a� �[/a� _[/�^ `j/�^ ^`/�Z ^Z/[Z MgO 
j`/[�_/aZj/[[ �j/[� Z�/[� j�/�CaO 
�_/�� Za/��� [Z/��� Z�/��� [j/��� ``/��� Total 

K- \�M000!�Y� 1-%000* f000�� �-D000	- ]%000� $� ��000)��000��W
�;"!��,0000000	 �0000000" 
 TWEEQU�3�%0000000* ]^[$

Thermocalc B$�000000L $ �000000"X2 ]_[q000000)�� �000000* �
\�Y)Ye00A��00V�8k �00< \�M00!�Y� �� ]K? �-D00	- ]%00� �00*

B$-�000:� ]�000;�- �000> ]�[]$� �-D000	- ]%000� K- �000> @�000�7�- .
�000:2 �� 3)000"�:21�000�8:� K- �0002�000(��1�000"* 1�0002

000vX7���000> #��v7000!- �]��W�Z[�000<�000T�k 1H
�0007� 
B$�( �� qT�i^�!- #�> �I-�- .

 بررسيهاي آذرين مورد سنگنگاريسنگ

/"! 3
-�)A$�
%L Q-8�- q��> �2B�� � $ �2�> �8&%&� 1�2#-
1��2$%*�&$%R)��7� $ �2$%*�&$%R)� ��2$%*�&�7� $ �2$%*�& ����5 

�)")7��L%!�)")7��L%!�7� $ �2 6
-� $�k�! �* 1K�*�
� 1�2
�YvT 1-����8>)q.>ZW$ @ �O�- �(.s�* 3
- �� /"!-
1��+�/"! ��8� 3
�45 1�2�!�%* �
 /"! %2 �� 6)RvA �* 

�T�k \�8e* $ �+"! #$%& �!- �7	%& �-%F �Y* ��8� .
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!";� ��7
7Hجدول �,�	3 )�K/"! ��8� 3
�45 1�2�!�%*.
�
�8�$%*�&�7� 

(NSF2) 
�)�$K%� 
(FSD6) 

�
J�8*K��2 
(TDF4) 

��8:�/�8)!-%M)��V 

`�±�ZZ 
�(��1�-%+)7��! 

`�±��``
�(��1�-%+)7��! 

`�±��^Z 
�(��1�-%+)7��! 

3�<$%)L8A�$-–3�<$%)L8")X< 
8��* $ �$$)��^a] (��[

^�±�^� 
�(��1�-%+)7��! 

^�±��^Z 
�(��1�-%+)7��! 

^�±��_� 
��(�1�-%+)7��! 

3�<$%)L8A�$-–3�<$%)L8")X< 
D�$ )��^^] (��[

�_±��_` 
�(��1�-%+)7��! 
��[���*8X)V 

�_±��_` 
�(��1�-%+)7��! 
��[j��*8X)V 

�_±��_` 
�(��1�-%+)7��! 
��[j��*8X)V 

3�<$%)L8A�$-–3�<$%)L8")X< 
%)!%� $ ��-%A%*)��_j] (�[[

�_±��^j 
�(��1�-%+)7��! 
��[j��*8X)V 

�_±��[[ 
�(�� 1�-%+)7��! 
��a���*8X)V 

�_±��^^ 
�(��1�-%+)7��! 
��a���*8X)V 

3�<$%)L8A�$-–3�<$%)L8")X< 
%)!%� $ ��-%A%*)��_j] (�[[

���^ 
�(��1�-%+)7��! 
���[��*8X)V 

�Z[� 
�(��1�-%+)7��! 
���[��*8X)V 

3
8)�-–3�<$%)L8")X<–q")~!- )$ |%*K%23:L�p W��^`] (�a[

��aj 
�(��1�-%+)7��! 
���`��*8X)V 

�Zaa 
�(��1�-%+)7��! 
���`��*8X)V 

3
8)�-–3�<$%)L8")X<–q")~!- )3:L�p $ |%*K%2W��^`] (�a[

��_[ 
�(��1�-%+)7��! 
��^/�Z��*8X)V 

�j_j 
�(��1�-%+)7��! 

���j/�_��*8X)V 

3�<$%)L8")X< 
)%)!%�W��_�] (�Z[


�4O�- W���M��1شكل? $%*�& $ �)A$�
%L �$�i �� 1-[��*?8! @%c @8"( 1%7�8X)< )*%c @8"( �:! �* �
��.(@W�7)�87�)� ��>
�)A$�
%L �$�i �� �2��*%c B�:> �A B�:> 1%7�8X)< �6
D& )@%c �:! �* �
� .(�W")�K �� �)A$�
%L qR> 18t)* 1�
��* �1�� �)�87�)� [

)<F%> B�:> 1%7�8X�6
D& )@%c @8"( �:! �* �
� .(\W�
J�8*K��2 q")~!- �L8R!$%R)� %
8eA )TDF4 (�> D)���5 u��� $#1���< �5 1�2
)NPL .(�W�R)7!�<$%)	�8L �	�* 6
 �* ��8:� ��:2 �� �)�L8
� $ 3�<$%)L8A�$- �3
8)�- )XPL .(Ol = Olivine, Opx = Orthopyroxene, 

Cpx = Clinopyroxene, Sp = Spinel 
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و متاپريدوتيت ها  پريدوتيت ها

/"! 3
- �2K-�
J�8*K��2 �
J�8*K��2�7� ��2�)�$K%� $ �2 $ �2
�)�$K%��7� �2#�> q).,A��- .�L8R!$%R)� Eo��� ��
�
J�8*K��2�2)TDF4,SF-2 (���< �3�<$%)L8A�$- �3
8)�- 1�2

q")~!- 0 ]$%< �3�<$%)L8")X< )qR>Z\(�< 3)7��L%! #�& $
3�<$%)L $ 3
8)�- ���!%&� qT�i �2�"7�2�� #�
� �8>��.��
/"! 3
- rK�� Eo��� K- �t *�y)A �2 �� �)�L8
� rK�� 1�2

* �)A�7��- ��>� f2�� \�8T�� f,p �*���8k .�	�*
/"! 3
- �L8R!$%R)��RM> �2 $ 1-��-� ��-�1-�!- .

�L8R!$%R)� Eo��� ���)�$K%��2)FSD6,FGa-2 ( D)�
���< �1�)�L8
� 3�<$%)L8")X< �3�<$%)L8A�$- �3
8)�- 1�2

���< $ q")~!- 0 ]$%< �3)7��L%! 1�2 ��V)�)�$%< (#�2�,�
��8>��./"! 3
- �L8R!$%R)� �	�*�RM> �2�R)I-K8� $ 1- 

�!- .
#�
�L $ �2��7k�!��-�D
� �"��� �
�2qR> �� �< �2�8X* ��> 

Z�#�
����� �� �&�):k ��8>���< 1�2 ���;� �8XMA $ �2
�XR>%&� fI�9 K-1�2 �� #�-� �� 6)7!�L 1�2���?�* �!

]�jW�^[.

 ها پيروكسنيت
/"! 3
-�8:� �� �2�1$ #�8* #�)! �A #%)A DM! /�� �* �7!� 

#�8A \�8e*#�"<-%L qR> �!�9 1�2 � !$ �* 1-j�A��� 
)* E*%� %7�/"! 3�7)A$�
%L 1�2 $D)� �� ��g"�1��8&%&� 

#�
�����8> .
�L8R!$%R)� Eo��� �� K- #�> �)�A �)"�<$%)L K- 1�-� A -

�2)B��� �-8"9 �*FSD-2(����< ���< $ 3�<$%)L8")X< 1�2 1�2 

��V �< Xi%� �*�1�
�:&�� �8XMA �7�*-$��- �0� #�2�,0� 80>��.
���< 
8��� 1�2�1$ �
%X< D)� 325 1�2�)�<- ���> #�
� .30
-
/"! �	�* 1-�-� �2��-�-1K- s)0* �0R"
- �* �(8A �* $ �!- �j

�� b)<%A �T��13�0<$%)L8")X< K- qR,7� /"! ��0!- ]�0� 
�� D)� -� �)"�<$%)L8")X< =�0o- �0��5 �* �-8A %0V�.Eo�0�� ��

 /"0! 3
- K- 1%+
� �-� A rK�� ���0< ��02 �3�0<$%)L8A�$- 1�02
 3�<$%)L8")X< 1D)p�� �-��� )1�)�0L8
� �0
J$- $ �)�0L8
�(�

�� #�2�,� 6��A $ 3)7��L%! �\�"*%<8>��� �< �%0* -� ���5 �-8A
 �000� b000)<%A P�000!-1)K- s)000*_j�)A�7�000�- �000T�� (�

�)��� �
%7�*$ �A �)"�<$%)L8A�$- ./"! 3
- �	�* �RM0> D)� �2-
�A 1-��-�1-�!- �R)7!�<$%)	�8L �2�& $.

و متاگابرونوريت ها ، متاگابروها  گابروها
�8:"k� �2 /"! 3
- ����z �* �&�D* {�7M�� 1�2��� �A j�� 

�� q)R,A ��g"� �� -� %7��"2� )qR>j@.(f)�z 3
%A
 �� ��g"� �
$%*�& �i-$a$ �%+7!� @%c 1%7�8X)< [

��*?8! @%c 1%7�8X)< )qR> j@(D)� $aB�:> 1%7�8X)< 
6
D& )R>qjO�- (/"! 1$��7	%& �-%F �R)	��-%7�$- 1�2-��.

�002$%*�& �L8R00!$%R)� rK�00� Eo�00�� �� )B�00�� �-800"9 �00*
NSF2(���< ��� K�<80
J�L �3�<$%)L8A�$- �3�<$%)L8")X< 1�2

 ���< $ �
�$�-%*? �i 1�2��V * �< ��8($ ��"7�2 �)�$- \�8T
�-���.���< 2$%*�&�7� �� ��8&%&� qT�i 1�2�)B�0�� �-80"9 �0*

BGF-5(�)�8")7<- ��
D)I$K $ \$�)L- ��)M�5 �\�"*%< ��
%X< �
�)�
%! $ �)"2%L ��)�8�%A 07�2�"./"! 3
- �	�* @�0! �2

 �A 6)7)	-��-�1-�!- )qR>`@(0* K�<80
J�L 1�02�8X* �< �
\�8T �,�* �*3�<$%)L 1�2�8X* #�> �o�i- ��-.


5O�- W���M��1$%*�& )6شكل�D� (�)A$�
%L $�2)�$� (�$�i ��a6
D& B�:> 1%7�8X)< )*%c @8"( �:! �* �
��.(@W�(8A q*�F � !$ 
�� �2$%*�&�7� $ �2$%*�&a�%+7!� @%c 1%7�8X)< )*%c @8"( �:! �* �
��.(
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6O�-W6شكل-� �YvT 1�2 �98:;� �* #�> �8&%&� 1K�*�
� 1-1�� �)�8")7<- $ �)"2%L ��
%X< �
�)��< `��*?8! @%c 1%7�8X)< )�
�
 =%> �:! �* .(@W�A 6)7)	- @�! �	�* ��-�-11$%*�& �� �%+���:2)XPL .( @W3�<$%)L8")X< $ K�<8
J�L )1�)�L8
� �
J$- �A �)�L8
� (

�8:� ���1$%*�&$%R)� )XPL .(�–�0�( 8
� �0
J$- �� �0Y)(%A �*�0
 �70>�M�- 1$%*�0& �� K�<80
J�L $ 1�)�0L)XPL .(\W$ K�<80
J�L 
�8:� �� �)�8")7<-�1$%*�&�7� W�
K8A�8�5 )XPL .( 

و متاديابازميكروگابرو،  متاميكروگابرو، دياباز

/"! 3
-* $ �2$%*�&�7� $ �2$%*�& 1?�* �� �2 ��
? 3)* \�8T-
/"! �* 1- 1�2 ��
�8
� q)MF K- �!-$�i ��
�8
��7�

6
-� D)� $ �
K8A�8�5�7� $ �
K8A�8�5 ��
�8
�$%R)� �* �
�2
�8:"k�#�"<-%L 1�2 )qR> `O�-(�M
%�A � !$ �*j�A��� 

���-� �8($ E*%� %7� .
�L8R!$%R)� Eo��� ��#�> �)�A /"! 3
- K- �< �2)�*

B��� �-8"9RF-10(���< ��� K�<8
J�L $ 3�<$%)L8")X< 1�2
 �i��8:� �� �
�$�-%*?/"! 3
- f��! {���< 1�2 �2�� #�
�-
��8>)qR>`$ @\.(���< $ \$�)L- ��
D)I$K ��
%X< 1�2

 qT�i ?�:7i- �)"2%L $ �)�8")7<- ���5 K- �t * �� $ \�"*%<
 ��8&%&��*��%&/"! 3
- ���k� �* �2#1%
K $ DM! ��)> 

���k�#1< $ �"7�2 �)�8")7<- 0 �)"2%L D)� �)�
%! ���

��/"! 3
- ���!%&� qT�i ��-8A�>�* �2)q.>`�(.�	�*
/"! 3
-�2$ 6)7)	- @�!��-�1-�!- .�� $%*�&$%R)��7� ]��

 3
-s2$�L��8:� 1-%* �	�* �< �(8A q*�F ��8&%&� �* 1�2
)�$-�1�!- �7	� ��R* ��!- #�> �vi ���5 3
�45 )q.>`�(.

 بررسيآذرين اولترامافيك مورد هاي ژئوشيمي سنگ

1$� j/"0000! K- �0000�8:� �000098:;� 60000)	��-%7�$- 1�000021
�7)�8000)	-�N$� �000* q000< /"000! �
�):)000> �000
D;A XRF 

�5 H
�0007� �000V �000!- #�000> ]�000;�- @8000o%� �:)000> $��
B$�(1�2 �$[#�> �I-�- -��.

��"p qR000> �� �000R^�000� #�2�,000� �8000>�b000)<%A 
/"0000! �
�):)0000> 1�000022$ �0000
J�8*K��2�7� ��0000
J�8*K��

 �000)�$K%��7��7�000*-$ �000�g"� �7)�8000)	- 1%000! �000* ���
#%7�000&1�7000>�M�- 6000)	��-%7�$- 1�0002f)000!%A#�000> -�000� .

تپ
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�-�80000:� �� AFM)q.0000>_O0000�- (�0000�8:� �0000�"A1
TDF4/"0000! �-�0000)� �� 60000)	��-%7�$- �70000>�M�- 1�00002
�7�*-$�98:;� �* �!- #�> f)!%A �7)�8)	- 1�2 .

�00000�8:�1An-19 �-D00000)� Al2O3�CaO $�
�00000)XF 
K- 1%0007:<An-4 �000< ��-� %*�000"* 3000:XV %000�� ][[[D000)�

�)A$�000
%L #$%000& �� �000
�* �%000)& �-%000F 6000)	�8��7� 1�0002
 �)A$�00
%L #�%M��00� %00�� �00* -%00
K �-D00)� 600)	�8��7� 1�002

Al2O3�CaO $�
�000000)XF 1%0000007:< �000000* �M�000000� 

�)A$�000
%L �000��-� �7000>�M�- 1�0002 .�A8000MR"9 1�0002�-�8:�
%L�)A$�00
 qR00> �� �002���)A$�00
%L �M�00� �*�,00A -� �002

�7000>8& �000*1$ �000)�$- MORB�000� ��,000��0002� .�*�,000A
 �7000>8& �000* �M�000�1�000)�$- #�+7000!�k�7000>8& 3000
- 1-

/"000! �000� \�000M�- -� �0002000"V�.1�0002�-�8:� 3)000"�:2
 1��009 �A800MR"9 �X��00< �*�,00A �
��00"< �00* #�00> 1K�00!

�)�$K%� q")~!- 1�28+�- �*�2][a[-�,��� ���2� .

ــكل 8
% <00�800� 1�002 #�L b00)<%A �00�8:� @(%$>73�00شe00A 3�00<$%)L ��($��00�p q00k-� �00* �00< �00)�$K%� $ �00
J8*K��2 1�002 
�!- ]�^.[


000�-�8000:� AFM �)A$� ��8O000�-W�000�Xشـــكل%L �
�):)000> b000)<%A �000< �000!- #�000> f000!� �5 �� �0002 .E*�000"� K- �000)SA�:< �-�000)�
 #�000�5 �000!�* �8&�000�8& $ �000!-MAR�000�-K�* �000!87� b000)<%A �7000>� 1�0002 �000!- �000!8��)F- ��000)� 1�0002 ]��.[@W�000�X�� �-�8000:� 

Al2O3-CaO-MgO �)A$�000
%L �
�):)000> b000)<%A �000< �)A$�000
%L �-�000)� �� �5 �� �0002 /"000! $ ��8000&%&� 1�0002 6000)	��-%7�$- 1�0002
�!- #�> EF-$ �7>�M�-]��[.
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Alk MgO

FeO*

Calc-Alkaline

Tholeiitic

FSD18

BGF5

FJ1

FJ8

NSF2

An-3

الف

Al2O3 MgO

FeO+Fe 2O3+TiO 2

Komatiitic

Tholeiitic

Calc-Alkalic

FSD18

BGF5

FJ1

FJ8
NSF2

An-3

ب


�$A(�9شكل%L �A8MR"9 1�2�-�8:� 	- 1�2��g"� �)�8)1��8� �!�%*.

 افيوليتييهاي آذرين مافيك مجموعهسنگژئوشيمي

�-�000 Aj/"000! K- �000�8:� 6000)	�� 3000
�45 1�00021-%000* 
N$� �000* �X000T- %000T�"9 3)000) AXRF $�D000)� �000�8:� 

�00V �00> �00
D;A @800o%� �:)00> N$� �00* �� �5 H
�007� 
B$�(1�2 a$Z#�> �I-�- -��.

- �
�000:&�� 1%000!/"000! 3000
 �000* �000(8A �000* D000)� �0002
 qR0000> 1�00002�-�8:����0000!- �7)S�80000A .qR0000> �� ��

/"00! 300
- �
�):)00> b00)<%A �00�-K�* �-�00)� �� �002 1�002
�7,L�!- #�> %
8eA �!8��)F- ��)� 1�2 .

/"000! �
�):)000> b000)<%A �� 6000)	�� 3000
�45 1�0002 

�7000>�M�- �-�000)��000)�8)	- 6000)	�� 1�0002�0002 q.000> �� 
�[O000�- �000!- #�000> %
8e000A .*�000"*%qR000> �[W�000V @

�000�8:� b000Xc- b000)V%A �000k 1$� �000
 $ \�$�000;� �� �0002
�7000>�M�- �-�000)� 6000)	��-%7�$- $ 6000)	�� 1�0002�7�000*-$ �000* 

�00)�8)	- #�00> %
8e00A �002 �00�8:� �00�"A $ �00�-FJ1 q00)�� �00* 
�� f
D000)"� f000< ��)�000* �-D000)� $ 300025 1?�000* �-D000)�

b0000)<%A�5 �
�):)0000> %0000))yA �V�0000�- ��80000&%&� �0000V 
�0000;
- �5 �� �
�):)0000>��%0000V �K- 1��0000
K �X0000T�	 �� 

�-�)�#�> ��
 �> %
8eA.

000(3 !1%000 ��&:�000
� !-�8000:� AFM/"000�10O000�-Wشـــكل) A �000�( 6000)	�� 3000
�45 1�0002 .@W3��000R�5 �-�8000:� W3��000R�5 @�000! 
/"! �
�:&�� 1%! 3)) A ��(�98:;� 6)	�� 3
�45 1�21�7)�8)	- .
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ــكل �00
00Y� D(� �:800�11ش:A �-3)00�K�7k�00!�00�-K�* /"00! �
�):)00> b00)<%A �00< �002 %
8e00A �5 �� �00)�8)	- �R)	�00� 300
�45 1�002
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