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

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

�./���0��./ *1��� �&����231�4�5/+���"��6

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

�!��7 :�'(/3� �)$4 5�/� 6�) �� 7#. � 8$ 	�(9 :� �����28���+;+<= �>?0� �)(?�� �-�?�$2 � @#���?� )�A$?� B(?�C
 ���+;+<= .�)$/2�� �#�, 8D(;� �$EF� (�� #G15�/� 8$E�(& 2 �?�, ".� HA,# I)�)$�� -�E�$�� J$� .8$ 	�(?9 :?� ���?��2

 �� �) 7#. ��1.LM�� �� �5�� -( & � �
!.?�= ��
!.?�= N 2$< �) ��(@, 8�,#=�D= # ���+;+<= 8�0 � ?�,� # �?�,!�))�?'(/3�
7!,�(��, ".� �
O*
�C �.��$)��08M�� �?� -�+?� �9(P�#$P � ����� # �?
�(
�O<�,(2 ��?
�(
�(�,$% !, "�(?< �?
, �?2 .?0�

 ��, ".� Q P+< �
�(
�.���2 $R� !, ���2 ������ 8�0 S ?��E9 �!T2(?
UT9 Q��?� 8$ 	�(?9 7#. � �) �E�),# �5(?V ;�= ���W?�.&	
 .�O<�,(2 # � <( ) .���2O � � E�*� # X#. 9, ��
$&2 �� �
$� �?� Q��?� ,� �?'(/3� �?
, �?
(��Y 8�?0 .�(?� .�?%Z
# $?R� !, 8�?0

 M�� ��
� / �(@U &A �
�/%�� 8$� [OC 8$ 	�(9 7#. � 8. @(E �,$% 8�0 ��
I �&2 #&A ��
� �,$% \(� !, #� �(�=$9 �< �E� 8�0
 #I.�E�0 .��$)��08�! �EF���,�,� 7#. � :� �����2 �2 ��, -= !, �2�] 8� ?��] �� ".?� Q P+?< 8�0���?��2 �?%Z
# 8

"��A ��, 5�^	 8, .��$) �
, � �_/0��� -�+� �0 �! ` a� I
 �� 7#. � :� �����2 �2 .0� �EF�����(?F$) !, :?9 X�a;?b 
�
,O0(2 �
��� Q],$� �� # -�E�)$' # 8O2$� -,$
,)����+	 �P �(EP< S
U� (�E?�(9 6�,�#$	 c�/<, !, :9 #8: E<(?d� �?�(�� A, 

��, ".� �
O*
�C # Q P+< .

��"�� ��!�.* :7#. �e���+;+<= .�)$/f �� �#�, 8D(;� �$EF� e�/ �(@U e�! S
U�  �EF�����(F$) !, :9 .

9�!:� 
B(�C 6�) ���+;+<= .�)$/2 �A$���2 8O2$� -,$
, 8D(;� 

��, ".� HA,# -��$2 -�E�, ��)>0� �,(��� @#���?�(!, �?P
 �
Q P+?< S?�� gh��� SE�? � �� 8$ 	�(?9 :?� 8�0���?��2

 i�= �
,O0(2����
j�/ 0)QP��.(>?0� �,(���?) � @#���?�
 5(??hGLk �#.??] l$??' # $E�(??& 2 mk�??�(% !, $E�(??& 2 8

)$4 5�/���?< >?0� # ��?�, gh�?�� �� -�?�$2 -�E?�, B$4 #
��(%8A$� B(�C ���(?/' .?�#� �) �	$ C !��) 5�VC ��^
 

?)$4 5�/���A$?� B(?�C�:?� ���?��2 �?2 ��,� n$E�?% 

�� 7#. � 5�/� 6�)��, �E	$% �,$A -= �)$4 .
� ��^	 �?�(@, �� �2 �^ �# ���+;+<= 8�0��� �?�(* �, 

�, .�)$/2 5(h� �# �6�,�#$?	 �3 E� �� ���, "�,� o� $EF�
�E�(98�a;?b $?
! �) : E<(d� ��(�� A, 8-,$?
, �� 8O?2$�
�E�,�8��, p$%,! 6�,�#� .���?2 �?�, :?� "�$E�?% 8!�?�

 �? �#�, .?�)$/2 5(h �� 8$ 	�(9��?) �#.?a� $E+? ) �$?EF� 
.?�)$/2 �
, �A$� B(�C 6�))>?0� ���+?;+<= �?'(/3��

� @#���� (�����2 �
, �2 "�() -��$2 -�E�, 8!�?� :?� 8�?0
 o� : E<(?d� �?�(�� A, �E?�(9 6�,�#$	 c�/<, !, .^) 8$ 	�(9

∗�;&< �5(d�� ".��
(� :km�q1mkmq�1 �$)�/� :rs�tuvw)�r��(��P �#$EP�, ��9 :ali.alirezaei.ir@gmail.com 

5��SE� )�x��/� t�O 
�9��ya;b !, �uu� �< u�u



-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� uus

 "�(< �) # "�,� �
j�) �< ��� � ��( � �� �) 8D(;� 8�0)(?<"�-
"(2 i < 8D(;� 8�0>�9 (��, �E�),# .S�� !,:� $
�FD �
$< 

�??'(/3� 5(??h �� 8$ 	�(??98>??0� ���+??;+<= �� @#���??� 
�??� "�� �-(??{(� ��,! "�� �7#.?? � ��/+??{$� �??) -,(??< �(??�=

�$2 "���, "$ 4 # I+�$�.
"$ FD �) �/+{$� :� �����2 �#.] 8,�1kk �< -( & � 

�� ' �) :�|m/k%, �� �2 �?�, ".?� H?A,# -�?�$2 -�E�]�[
i?�= �
,O0(?2 SE�? � �� � �� 8�0 �����2 �
$E%�O) !, �P
�

�� Q P+< ,� �
j�/ 0.0�.
�� �?2 7#. � :� �����2�q1 ?)$4 5�/?� 8$E�(?& 2 �

"$? FD �) ���, �E	$% �,$A �/+{$� :� �����2 �#.?] �� 8,
��k ��?? ' �??) :??� �??< -(?? & � �/k%:??� ���??��2 !, :??9

/+{$� S�� �� -�?�$2 -�E?�, �� 8$ 	�(?9 :?� ���?��2 �
$<
��, .� ��^	 !, �&]$� � �#, ?9 8�0�@(?C�5�?� !, �qGG $?)

 !, 6 ) -(�2 �< # .� \#$� �����2 �
, 8#�Lk# "�{ �Q?�(< 
9�@(C�"$E�% �� 8".?� $;] -.^� �
, .?�, .?��$) !,��?08

�� ������2 �
, 8#� ".� c�3�,�) -,(<]1�G[���,�$2 ".
"�,� !, "��;E?�, �?) �?< .?� �^?� O � 60#Z9 �
, �� 8�?0

 ��$) O � # �
� / �(@U��08M�� �?) ��9(P?�#$P � �?����
 � ?�! "�*E��F ���$) �?%Z
# # �EF�?� M�?� 8�?0 ?�����

�(� �EF,�$9 7#. � 8$ 	�(9 :� �����2 .

;��<����/ ����� 
� 7#.? � :?� ���?��2 �
�? 	,$�C X��E�� $R� !, l$?' �

���/� �
� 	,$�C′s� °t� �A$?� �
� 	,$�C 5(h #′�� °�� 
�+?�� �)$4 5�/� � �, ��E�� �� 8�kkkkk/��,$?A �)�)$�?�

 ��, �E	$%)Q��1.(
�/
.A �?���� �� �2 �
�0.],# �
$< -(?/�F� 7#.? � 8

6 &	 �.��,� � ���(�?� �� �) �P0= 8�0�� �#�(?< �?) �?2 .?�,
 9 �� �) -��$2 8,$�(&*�2(d�� ". ?�(9 �E?�( 9�� X�(b �) -Z

".� .�,]L[.6 &	 8.^) .],# ��(@, 8�0 6 ?&	 8#� �?2 .�,-
� ���(�� 8�0��E	$% �,$A -��$2 8,$�(&*�2 O � # � �#�(< .?�,

]L�|.[�/0 "$E�% �� ".� ��
 8�0.],# 8���V�� �) 7#. � 8-
".� ". �(9 -U(d��9 ���+;+<= 8�0 �� N <$< �) �2 .�, �� Q�

c�?� �?) �6 9 ����� !, �'(/3� �,O?0 # 7!,� �-�/?�=$a) 8�?0
 �� ".�,(F.�(� ]�[.�'(/3� �?) ����� �� 7!,� ���+;+<= 8

".?� �EF��?� 7#. � :� �����2 -�)O � M�� -,(�']�[# �
�� S ��< .],# �� �) !, .�<��V' �2 �(� :�
$
! .],#)�2,$<-

�??2,$< # �
!.??�= ��??�,!�)�
!.??�=(# ����?? � .??], )�(??<8�??0
8. �, (���A(	 .],# #)�2,$< 8!.�= ��
!.�= � ?�,� # �?�,!�)

8$ 	�(??9) (QP??�q.(n#� �??) �??2 O?? � �??'(/3� �??
, �??�
40Ar/39Ar��, ".� �  ^< �L/q���, 5�� -( & � ]q[.

=��1>2" >0� .�)$/f � ^A(��� �#�, -#! 8#� � @#���� �$EF� ]1k[#?(� ^A(� >0� �,(� 8#� 7#. � :� �����2�� @#���� ��?) Q?�� 
!, X,$  �< ]1�[.

>2"

?



.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .uut

=��6�+�� 8� �! ����� �����8-= 8#� 7#. � :� �����2 � ^A(� # I)�)$�� �!, X,$  �< �) p�VEA, ]|[.

=��A� �! o$/ � ������E�),#".�$ %$) �� ���+;+<= 8�0.],# �) 8:� �����2 7#. � )�'(/3�8���+;+<= 7!,�.(

�'(/3�8�(< �) 7!,� ���+;+<= "8. @(E �,$% 8,
".� H�A ��� � ��( � �� 8$ 	�(9 7#. �"�(< �
, �2 ��, 

�
�(
� !, .�<��V'O<�,(2 �8$ 	�(9�
�(
� # 8$ 	�(9
�
�(
�(�,$% �� 8$ 	�(9.��) .���2 8$ 	�(9 :� �����2 �
,!

^	 �) 7#. �� ���(< �
, �) ",$/0 .
.� ����$%� 8�0"8
�/ � 8. @(E �,$% �E�),# g /' ��,)QP�G.(5�� p��, $)-

�3�� n#� �) ".� c�3�, 8�040Ar/39Ar `�(< ]q[#U/Pb 
`�(<]G[�) �7#. � :� �����2 8#� $) �� N <$< 8�0



-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� uuu

q/��-( & � # 5��L/�1-( & � $R� �� �����2 �
, 8,$) 5��
$%.�, ".� �E	.

����� �� 8.^) 8�0.],#8��$) ��(� �I
,� 8�0
���/� .�#� �) 8$ F�< 8$ 	�(9�.�E�0 �)(�C )QP�G(�2

I
,� �
,"�(< �) �)�+� �V 2$< �087#. � 8. @(E �,$% 
"�(< -#�� �) # �E�,�8M�� # 8$ 	�(9 7#. � 8�0
 -= $ *�#�� ���+;+<=)7!,� ���+;+<= �'(/3� (;�D(

"�$2.�, .I
,� �
, $) "#T' N 2$< �) �
�0�2,$< ��
!.�=
8!.�=���/� .�#� # 8$ 	�(9 � �,� # ��,!�) �# �)(�C 
5�/�A$���B(�C)$4�O � 7!,� ���+;+<= �'(/3� �� 

�$2 D(;�".�, )QP�t.(

����� B�� 
��$)�"�(< 8�
,$a?b 6�) #� �� 7#. � :� 8. @(E �,$% 

�*+
��!, #�	$% c�3�, �0 .!, �
,$ab 6�) ��"$E�%8��(� 
�,.^< $R���� �?��/% �?&E�� J�/', !, ��(/� 8�?0 ?9�@(?C�

"��/�8tr�uu���#�v.�.� ��,�$) .QP� �� u� ^A(� 
���/% ��$) ��(� 8�0���, ".� "�,� -�+� .�,.^<��� H��� 

,$?) �".?� ��,�$) 8�0 ��(/� !, 7!��8?��$)��?08M�?� -
�.�.� � �< �9(P�#$P � ���� .���$) !, :9M�� ?�����

�,.^< ��0 ��(/�uvM�� !, ��(/� -�?�$%� $?E/2 # S��?� 8�0
 ,$) ".�8�
O3< 8"�*E?�� �?) �&?b, $b��' �
� / � XRF #

� n#� �?) �2�?F ���?� $b��' $
���� 8$ % "!,.�, OICP-MS 
"�*+?
��!= �?) # B�?�E�,ALS Chemex 5�?��, ,��?��2 �� #

.�E	$% �,$A n!,�$9 ��(� -= �/ �(@U 6�).

����� � ��"��C ��"��
�� �� �'�������� ����� 
"�(<8�� 8D(?;� !�?	 �
$E%�O) 8$ 	�(9 7#. � 8. @(E �,$% 

� ]��8��(/� �9(P�#$2�� ���$) # ��, -.^� �?�,�$) 8�0
 6�) !, ".� �� -�+� -.^� �&E�� 8�0 ��?
�(
� !, �?2 .0�

,(2 �
$E+? ) # �?�, ".?� Q P+?< �
�(
�(�,$% # �
�(
�O<�
���2 �?�, "�(?< �?
, �) ",$/0 O � :� �
,!.8$ 	�(?9 7(E?�, 

��(/� �� 7#. �8��
$2(�	 �(�] �) �E�� �!T2(?
UT9 8�0
 �� ��+� O<�,(2 # � <( )�(� .��(/� �� # �
�(
�O<�,(2 8�0

 ���?2 O � �E
�(
� 0 O<�,(?2 # !T2(?
UT9 8�?0 -#.?) �?
 ",$?/
 !T2(<�,)�?'$	 ���?2 -,(?�' �?) ��(�?] X�(?b �� !T2(?<�,

 �� B(�a��(� ($? 4 S+{ �) � <( ) # .�&V��(0 "$ < ���2 #
� �+< Q)�A �&��.�, .��(/� �� ��
$2(�	 �8$ 	�(9 8�0 8�0

 �� ".
� !T2(
UT9 !, �%�O).�(� .M�� �?2 �E
�(
�(�,$% 8�0
 ��(/� �� ���= M��8��$?R� !, # �?�, 8$E�2�F �< . ;� �E

 ���?2 !, �.?�<,$2#O� �?< X,$2(?2(� .?] �� �*�� N
$z 8�?0
 ���?2 # O<�,(?2 �!T2(?<�, �!T2(
UT9 "$? < 8�?08# .?�&V��(0 

".� Q P+< � <( ).�, ., �EV�,
���2 ���(/� �� �08�?) �E?�� 
� �+?< Q?)�A �&�?� $? 4 S+{ �) # �E],� .?�, .�?2 �?3�= !,

�,$% # �0 �
�(
�(
?%Z��� �?) # �)�+?� �
,$a?b `?),#� # �?0
 -= �.��,� �0 �
�(
� �) �P
�O� �� ,� �0 5(�?a� -,(�' �) -,(<

,.C
+��	$% $R� �� �0 �
�(
� .

=��D�+�� 8� �! 7#. � 8$ 	�(9 :� �����2 �����)!, X,$  �< �) Q��]1[.("$
,����/% � ^A(� $9(< 8�0 ��(� 8�0��$)��� -�+� ,� .0� .



.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .uu�

]1k["�(< 88$ 	�(9 p1B$4 �� O � ,� c#� "�(< -,(�' �) 
�?�, "�,� � �+?< -.^� .".? �' �?)8�� �?2 "�(?< �?
, #, 

6�) 8$ 	�(?9 �	�) 8,�,� ���, ".� HA,# �����2 g /' 8�0�
-��$%� X.� �) �2 ��, 8$E�2�F M�� �) �E &9= ��, ".� 

# �?_%� �(�?] p�?�, $) ��V��4 #�?%� # O<�,(?2 !, �?�4 8�?0
 ��, �
����� Q)�A � E�*� .QP� Q �� �)% $8�� "�(?< �?
, 

6�) �?%� # �?_%� �(�] �g /' 8�0 # �? E�*� 8#�?] 8�?0
� E�*� +�?� ��? E�*� !, �?�4 �?��E9 ���?�$%� # O<�,(?2

 �/
.?A -= ��
O*
�C "�(?< !, $?<88$ 	�(?9 7#.? � 8D(?;� 
��,]1k[.

��$)��08M�� ��*�8�?) �(?)$� 7!�?� Hh�?�� 8#� �2 
���/% ��$) ��(� 8�0���?�, �E	$% X�(b � ^z ����$%� �) 

�� -�+� ���/% �2 .0� "��/� 8�08uu#���<�(?
� N 2$< 
�?��/% # "�,� -�+?� ,� �E
�(?
�O<�,(2 #"��/??� 8�?0tr#�v

�� -�+� ,� �<�(
�(�,$% N 2$< $E+ ).�0�.
X�(
� �
�(
�O<�,(2 # �0 �?	�) �9(P?�#$P � Hh��� �� �0

 .��,� 8$ 	�(9.���2 M�?� �?
, �&b, 8�0 ��?
$2(�	 �?0 8�?0
 �/ � # �,.&P� �?) O<�,(?2 �!T2(* �, \(� !, !T2(
UT9 �,.&P�-

�/ � # QP�� ?) 8��?	 ".?�2,$9 X�(?b �?) �?2 "�() �,.&P�
���2 ��, "�$2 $9 ,� �� �! 8�0 .���2 "$ < 8�08M�� �
, �?0

 X�(b �) ��
$2(�	 .?�.�&V��(0 �?/2 �,.?�� # �? <( ) 8�0.
-,#,$	 -,(�' �) !Tf(
UT9 M�?� �� �(?C(� ���?f �
$< �� ��?0

 �#.]����(/� �/3] .b�� �� Q �+< ,� �0 .?�0� .8�?0�(&)
 QP� -= Q�� �/ � �< �,� �E�< �,� "!,.�, # .�E�0 8,8�?��= v�

�/��& � ��, $E� .���f �
, ����� 8,�,� �0 "�(?) ����(� 8.�)
 Qf�� #�&9 8�0 �?� ".?
� �?��= �� ��V�?���f # � EE�� .�(?�

)QP��.(��(/� !, ��^) �� � �_/0 �0Q2��8.�) �?
(��Y 8�?0
 �� ".
� �0�(&) �� O � 6�< !, Qb�] �(�)QP?� �.(-#�� ��

 ���?2 !T2(?
UT9 8�0�(&) �
, ��2$?
! ��? <�9= �I?{(2 8�?0
 ���2 # � <( ) �.2 8�0 �E	$% �,$A ��V�� � X�(b �) .�, .5T?a�,

 �??� ".0�+??� O?? � �??0!Tf(
UT9 -#�� # � ??��] �� �� # �(??�
��,(�8�E�,� �� �0!Tf(
UT9 8o��*E�P� # �0 ���?2 �?) �0-

".� -��$%� X#. 9, # �
$&2 �� �
$� ���� 8�0.�, )QP?� 
�.(&A ��W�.&	 ��
�#.] �Sf �,.�� �) u��(/� �/3] .b�� -

�� Q �+< ,� �E
�(
�O<�,(2 # �
�(
� 8�0.0� .O<�,(?f ���?2
 �#.???]�t����???�(/� �???/3] .???b�� # �???
�(
� 8�???0

 �?� Q��?� ,� �E
�(
�O<�,(2 �(?� ."!,.?�, `?�(E�8�?��= t/�

�& � ��, $E� .) O<�,(f 8�0�(&) X�(?b �?) # �Q�?� �?) $E+
 0(V�, �) �
 # �$;�����,� !, �08���?f � ?) 8��	 �O
� $?9 ,� �?0

"�$f.�, .M�� �� ��?�(/' �?0�(&) �?
, �8$ 	�(?9 �?	�) �?) �
�0
".�!��8�� �! 8M�� .?�, .��?
$2(�	 �0�?% �?�# �?) �
�?0
"!,.�,8$�2,.] �� $?E/ & � ? �?� ".?
� �?��= �� O�?2 .�(?�

 �?� -�+?� O? � ,� �3 &F ��,(] .?�0�)QP?� v.(�%��(?F
  �! ��� �) �/%�� -.�= j�) �h O<�,(2 �� �,� �$?  �< �) -,(<

 O<�,(2 I EP<#, ���]�&A ��W�.&	  ��
�V�?� ��+?	 $?  �< �) 
�,� .) �0�?% # .�E�?0 �C(?� �?�(��F 8,�,� �?0O<�,(2 $E+

 ���2 X�A#, �� -(?
!(&P�, X�(?b �?) �
(P?�(� # � <( ) 8�0
 � ���=
� ".�.�(� .���f ���2 �.2 # .�&V��(0 �� <( ) 8�0 8�0

 M�� "$ < � 8�0 �?� Q��� ,� �E
�(
�O<�,(2 # �E
�(
 # .�(?�
 �#.] �����s���(/� �/3] .b�� �?� Q �+?< ,� �0 .?�0� .

-,#,$	 � <( ) ���f # �?�, "$ < ���f �
$<���?/3] .?b�� 
��(/� �� Q �+< ,� �0.0� .�/ � # �,� Q�� X�(b �) ���f �
,

 �?�, �,� Q��."!,.?�,8�?��= �/��s/��?& � �?�, $?E� .��
!, 8�,.^< �?� ".0�+� -.� �.2 ".
.9 ���= �(?� .�? <( ) �?0

 "(�A !, .
.� �*�� .�{ 8,�,� Sf 8, $9 �< M�� o� # M?�� 8�?0
�z,#.�, .�? <( ) \(?� #� �9(P?�#$P � Hh�?�� �� � ?�_/0

 � ".0�+��� <( ) Q��� �2 .�(� � <( ) # �
�/%�� 8�0 8�?0
�
(��Y .�,)QP�w.(� <( ) �
�/%�� 8�0 ��
$2(�	 X�(b �) -

QP� �T��2 8�0 "(�A ���= M�� # .�E�0 o� 8,�,�# �,� "$? < 8,
 � 0 # ��,"���2�� ,� ����$%� ��(% ".0�+?� �?��= Q?F,� # �0

�/�S �2 .� <( ) Hh��� !, ��^) �� �EV�, �?/2 �
�?/%�� 8�0
 ".� ����$%� n(�E�� .�,)� <( ) �)��$% 8�0 ("���2 �� �2-

�
$&2 �) �0 ".?� Q
.?V< �? E�*� # !(?<�, �) O2$� �� ## .?�,
 "(�A ���= M�� ��, "$ < �) Q
�� ��#� 8, .�? <( ) c#� "#$%-

QP?� -#.) �2 .�E�0 �
(��Y 8�0 "!,.?�, # .?�,8I?{(2 �?��= 
��, .� <( ) �
, # .�&V��(0 � +��C �+�) �
 Q��2 �(h �) �0

 �? <( ) �
 �?� �
�?/%�� 8�?0 (?�A �?��= M?�� # .�(?�"��?
,
)QP�w.(# �?�, "$? < ���?f � ?�#� .�&V��(0 ���f�.?b�� 

��(/� �/3] .0� �� Q �+< ,� �0 .Q�?� �?/ � ���f �
, # �,�
 ��, Q�� 8!(� �z$' H��� �� ."!,.�,8�0�(&) v�s/��& � -

��, � ^z �*�� .�{ 8,�,� # $E� .".?
.9 8,�,� �0�(&) �
,8
�.2 < # .�E�0 Of$� # � ��] �� -.� �
$&f �) ���= !, 8�,.^

 ".� Q
.V< X#. 9, #��(/� !, ��^) �� # .�, �) Q��2 �(h �) �0 
�# �&8� E�*� # � <( ) ".� � +��C -= !, �V��A `�	 # .�,



-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� uuv

".��� 8�C $) ��,)QP�r.(���f !, 8$?*
� "#$?% �.?2 8�?0
���2 "$ < 8�0 !, $?E/f �?f .?�,t�?�(/� �?/3] .?b�� ,� �?0

 �� Q �+< ) # .�0� �) X�(b �) $E+ ��(/� ���/< �� Q���?0
 "!,.�, # �E�,��(�]8!, ���= �/���/��< $E� �& �  ?� $? �-

.�2 .���f ���?2 ���?�$%� !, Q?b�] �?
(��Y 8�0 # �&?b, 8�?0
 �� ".
� M�� �E� �� �2 �'$	 !, .�<��V' �.�(� :# � �?
$�

 S ��E9 ��W�.&	 0!T2(
UT9 .
.� �
O3< !, Qb�] ���2 �� 8�?0
 S ?��E9 �?
O3< !, Qb�] ��� # �?
$&2 ��?� �! 8�0��W?�.&	

� <( ) � <( ) �
O3< !, Qb�] � �
$� # �
(��Y 8�0 � �#, 8�0

 .�&V��(0 #.���2 !, �� �'$	 8�0 c�?� ,� �2$?
! # � <�9= -,(<
 �??/0 # .??��,��(F$) �??@OC �� �??) .??b�� !, �??2 �$??)8�??��= 

.�&P��(F .) � <�9= $E+0-� � X�(b �) ��? <( ) �� ��) # �?0
 .?��,� �(�] �0.�&V��(0 �� �/2 .�?� �!8M�?� ��(?� 8�?0

��$)�) S ��E9 �!T2(
UT9 �� �
$� �O<�,(2 !, $E+ # ��W�.&	
 �?�, ".?� Q P+< � <( ) $E/2 �,.�� .M�?� S?�� �?	�) �?0

 � # 8$ 	�(9
��,�O8��, -��/0�� .�	�) �?	�) $ R� $*
� 8�0
Ta�, �� �C(?� �?�(��F # �?0!Tf(
UT9 -#�� # � ��] �� ��

�� ".0�+� O � �0O<�,(f.�(� .

=��E#��< 
$8$2(�	 !, 
���08UT9 
!T2((Pl)�E�),#"�(< �) 8D(;� 8� 	�(9 7#. $8Q2�� 7�08&9�E�� E����� # I.?�)8�?�(� ��
-= ��� �0
".��# �(�O �Y��< �a<  ��$%� $���#.] �< 8$�
� E�$&2 #
E�".� .�,��(� XPL..

=��F$2(�	 
���08�,(] �) O<�,(2 ��Ta�, �&F # 3���(� XPL.

=��G) \,(�,  <( ��08,$% "�(< �� �(C(� 
@(E .8� 	�(9 7#. $8)�(� ��,� �/� QP�XPL QP� #�(� i{ �/�PPL(.



.&C s��"��/� t�O 
�9�t�� M�� ���$)�%Z
# �8��*�"�(< �
�/%��(�(EP< ` a� # �
� / �(@U 8�08. . .uuw

=��H��
$2(�	 .�&V��(0 (Hb)"�(< �� �(C(� �2 # �
$&2 �) �2 8$ 	�(9 7#. � 8D(;� 8����, ".� Q
.V< I9�, 8�0.

8,�,� N&4, �9(P�#$P � Hh��� �� O � �0 �
�(
�(�,$%
 �� ��Ta�, 8�0 �	�) "�% # "�() 8, ��,� # 8$ 	�(9 �	�)


UT9 � ��] -�+� O � �0O<�,(f �� �C(� ��(��F # �0!Tf(
��.�0� .���2-= 8�0 O<�,(2 ,� �0)ss�<t�.b�� (X�(b �)

 !T2(
UT9 ���
� �(F �/ � # QP� �))u��<��.b�� (�)
!T2(* �, N 2$<�Q2�� �����(� # 8��' 8.�) ����� ��
!.�= 

E+��/0.�{�# QP� �(F �/ � # QP� �(F X�(b �) #
&A ��W�.&	 ��
)�#.]���<�w.b�� (!(<�, \(� !, $E+ )
�� Q P+<.0� .�) X�(b �) !(<�, 8�0�(&)�/ � # Q��Q��

�� ".
� ���= !, 8�,.^< ��� �� �(�=��V4 ���] # "�() �,�
�(� .���2"$ < 8�085(V ;�= !, .�<��V' O � �0 M�� �
, 

)�#.]w.b�� (� <( ))�#.]��.b�� (�� <�9= � �_/0 #
�'$	 8�0 ���2 -,(�' �) �2$
! # �;�, .

������� 
�.C" �C��/ ������� 

�%Z
# 6�) �
, �� �?��/% �
� / ?�(@U 8�?0 ?9 8�?0�(?C�

"��/??�q��GG �LL#L|"�(??< �??) �E�??),# 88.?? @(E �,$% 

?��$) ��(?� 8$ 	�(?9 7#. ��.?�E	$% �,$?A .�� �?2 �?3�= !,
 !, 8�� �)��$)��08:� $
�FD "Z
# �) �0�����2 �
� / �(@U 

� /0, O@�] ����$%� 8�0$E& 	 # -��$%� 8$ 	�(9 �� ,�?� �.�,
 ,$?) �?< �?�, ".� �^� 6�) �
,8���?�$%� -,O? � � ? ^< 

��(/� "�(?< �?) �E�),# 8�088$ 	�(?9 8.? @(E �,$% 7#.? � 
??��$) $??) "#T??'��??08�E	$??% $??R� �� # �9(�??�#$� �LOI 

��(/��08�0�,�(/� !, �]��m[)Q��m(�(?� "��;E?�, .�?
, ��
 �F�� !, "��;E�, �) �0�,�(/� # ���?�$%� �8.?� ��?��E9 8�0

 �F�?� O �ACNK)Q�?� m(�?) �V�?� �SiO2�?� -,(?<

����$%� ���?�$%� !, ,� ���E9 # 8.� 8�0 �?�(/� �?
 �?0 8�?0
�
�$?f �? �;< S0 !, -��$%��� $* .�?0�,�(/� �?
, �� �?P���{

 �� ".0�+� ) ��(� ��(/� $E+ "�(?< �?) �E�?),# 8�087#.? � 
"$E�% �� 8$ 	�(9�08-��$%� �
 -��$%��� �08�
O?C �?) $*

".� HA,# ���E9 ����$%�.�,.
"�,� >
�?E� �) �C(< �) .?b�� �
� / ?�(@U 8�?0 SiO2��

M�� ����� 8�08��$) ��(� �� ) �t�?<vr$? �E� .?b�� 
��, �,�(/� �� #R1�) �V��R2]�k[��(/� "$E�?% �� �?08

�� �,$A � �#O�(�O<�,(f # � ���(< ��
�(
�(�,$% �� �,$% .�$ %
)QP��k.(

]��["$�) �) .�#� c(�;� !, 8$ %Fenner 6
,.C 5(h �� 
8�?0$E�,��9 # 8�(&)FeOt/(FeOt + MgO) #SiO2�,�(?/� 

�P0= # �E d�(< 8$� I P;< 8,$) ,� 8.
.C�
� &A ����+ 9 �
"�$2 8$� -= �� �2 .�, 8�?���� �?) N? <$< �?) ,� ".?� ��
 8�0

Ferroan #Magnesian "�$2 ����+ 9 .�, .QP?� �� �?P���{
����� ".
� ��, ��(/� $E+ ) ��(� �?) �E�),# 8. @(E �,$% 8�0

 "$E�% �� 7#. � :� �����2 � �,$% 8�P0= �
 �
O �� 8�0�
�� �,$A �
� &A.�$ % .$V��� N
$?z !, "��;E?�, �) � �_/0 -�%�

�?? &A ".??� �T??b,�I??0= )�F�??�Malli ( !, ��??<��V' �??2
Na2O+K2O-CaO �F�� �,�(/� �Malli �) �V�� SiO2,� 

"�$2 S�� .�,)QP���B.(�?�(/� ���?��2 8.? @(E �,$% 8�?0
 \(?/3� �E?�,� �?) 7#. � :�Na2O + K2O� ?) �/L�?< 

q�/m.b�� -,O � # ��!# CaO  ) �q1/��<��/G.b�� ��!# 
"$E�?% �� �,�(/� -= �� 8�?0 �
�? &A I �?&2 #�
�? &A �,$?A 

�E	$%.�, .-,O � 6
,O	, �) �,�(/� �
, ��SiO2�F�?� Malli 
�E	�
 6
,O	, �@OC �(h �) O ���, .



-�
�,$� ���� �= ��
�z$ &' -,$
, ����� ���2 # ������(&) �&3� uur
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1- Ultramafic rock 
2- Melteigite 
3- Theralite 
4- Alkali gabbro 
5- Gabbro 
6- Gabbro norite 
7- Ijolite 
8- Essexite 
9- Syenogabbro 
10- Monzogabbro 
11- Gabbrodiorite 
12- Syenodiorite 
13- Monzonite 
14- Monzodiorite 
15- Diorite 
16- Nepheline syenite 
17- Syenite 
18- Quartzsyenite 
19- Quartzmonzonite 
20- Alkaligranite 
21- Granite 
22- Granodiorite 
23- Tonalite  
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