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Mafic plutonic rocks

Contact metamorphic rocks
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P!2#6A ���T O
�-" 8�$< 0]|:[-Q.�>?	�� #6I K
&�

��$2 �($&_�?^$C� ?� "� �6�� ��A 1"$2 �� ���� Q.- 1"$.(
!�A �)^ �5 �	*+ *M��"*/ �� ���T 
��A �4B�� �T ��!	 n

) �6/ %�_�"�"��!�A o�> �A O<�F �Q.- ," �>?A$-� �
�6/ 1$+*+�6I
&��"*+):�$� �#��>?�A "� �6�� ���)T �$;)

�-".

يتيوگران لوكيهاكيدا-
"
�"*+ 0#�P!2 ��~-6'	 ) :2�"$5 ," L��5 �>#�6/ O6�" .o_F

��5��>?	�� #," *4&5 K3*'5 O��/ ) 6<�� 
��5 ) ���>?
��-*+� O<�F ��&4F" �5 �-" �65�A#2$#�)" �#��$A �6�" .

"�
K�>?�"*+$5$�#4�Q.- �>�
86/ �A �4	�
 D
*C2 �A 
K2O)Rb) ��A Al2O3, P2O5, LILE )HFSE�� #
) 0

.�)*	 *<�.(#:
�A 0#�� ��#
06�" ."
5*2 0#/ Z#&#��

�6.>6��!�?*C2
D6/
� 6#P!2 ," V#�&+�� O?�"*+ #4�

�-" .
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6'; ������&/ u�:#
���u�� Q.- *#�C2 �� :2�"$5 �9:; *<�.( Z#5*2 �*A��5?�>6#9$4#�"*+ �
",. . .x��

 *<�.( �&5	� Z�F*A (f*A )�(*�6<(�Z ).�>* ">'#2*15جدول )#��)Z�F*Appm (�"*+#9$4#�>6?" �� �5 �6�� 
���C4-" ��$� V>)`� 0
I�4	*+ �"*6�" .MMG =�"*+#9$4#�>6?	�� #K�*2MG =�"*+):�$�#���4LD ="�
K�>?�"*+$5$� #4�.

sample 
ID N�3G NdG Nh�G N3G NdsG N|�G N|sG Nd�G N|iG Nd|G

Rock 
type MMG MMG MMG MMG MG MG MG MG LD LD 

SiO2 rs/l� ��/i3 �l/il 3d/il l3/sr l�/s� d|/s3 rs/sh sr/sh |�/sd 
TiO2 sr/r ii/r l3/r li/r �h/r ��/r �h/r ri/r rh/r rl/r
Al2O3 �s/�s ih/�i is/�l hi/�l i3/�l dr/�l 3�/�l hs/�h d�/�h �i/�h 
FeOt ds/i hs/l d�/h �|/h 3s/3 rd/3 |�/� hh/� ii/r i�/r
MgO �|/3 h�/3 |�/� r�/3 hr/3 d�/r 3|/r �3/r �d/r �h/r
MnO �d/r �3/r ��/r �3/r rd/r rh/r rh/r rh/r r3/r r3/r
CaO ri/s is/l lr/h ld/h 3�/3 �3/� s3/� rs/� l3/� lh/r
Na2O �d/d �d/d r�/d |�/3 |r/d �r/d sd/d ls/d d�/d hd/d
K2O ir/� �h/3 ��/3 l�/3 3d/d ls/d i3/d �h/h i�/l s�/l
P2O5 3h/r 3�/r �s/r ��/r �r/r r|/r r�/r rs/r r�/r �r/r
L.OI. �r/r ii/r �3/r l|/r ��/r h�/r hs/r l|/r dd/r 3�/r
total �i/|� �3/|| rl/|| 3r/|| 3d/|| |�/|� i3/|� ih/|| �r/|| r|/|| 
ASI |�/r |d/r |s/r |s/r �3/� �h/� �l/� ��/� �h/� ��/�

Li h3/�� hd/�l �|/�h 3s/3r |i/�� s�/�l 3�/�l ii/�3 �r/l �|/l
Rb rr/hs h|/il i|/�s ir/�h 3h/�r |h/�d hd/�i ls/�r� 3d/�3r r3/�3i 
Sr hh/hr| i3/dds 3�/3sl �l/3s| ri/33� il/�sl ih/�is rh/�rs |h/hd d�/hd 
Ba l�/dri |h/d�d ld/hls dl/hh| h3/isi hi/ii3 ri/ii3 rl/ii� 3�s/3i hi/3�| 
Cu 3i/�i �i/| sl/�� ri/� 3i/h d�/h ri/3 l|/d d3/3 |3/d
Zn �l/ih �|/ls 3�/ll i�/ls sr/d3 3�/3s dl/3h �d/3l hs/�l i3/�r 
Ga il/�| h�/�s is/�i ��/�i rl/�� ih/�i dd/�i 3i/�i l�/�h |�/�h 
Y ��.dr ||/3i dh/3h hs/3l l3/�3 rr/�d �r/�d ir/�i �d/�r ||/�r 

Nb di/� is/� si/�� s�/�r ds/�d rr/�d rl/�d dh/�l �3/3r 3|/33 
Ta ii/r �i/r dh/� |i/r d3/� di/� d�/� 3�/� sl/d |s/d
Zr rr/��h hr/��l lr/�ih hr/�si dr/�dr 3r/��i lr/�r� |r/�3 dr/lr |r/h| 
Hf li/s |r/�3 3s/s is/s id/d rr/h �r/d |r/3 dr/d rs/3
Mo d�/r 3h/r 3d/r 3d/r ds/33 s|/�h d3/�3 rd/r 3�/r �3/r
Sn 3s/� sd/� il/� ��/� s�/r d|/� h�/� hd/� �3/r h|/r
Tl 3d/r 3s/r d�/r hr/r d|/r di/r ds/r dr/r hl/r hi/r
Pb hi/i 3�/s i|/� lh/� �d/�i d�/�� ls/�� �i/3d rh/3h s|/3d 
U d|/� l�/� ih/� |�/� ss/� sh/� ss/� 3h/� ��/3 ri/3
Th |d/�s 3l/� hd/| �|/�� rd/| i|/� hi/| d|/�r di/l |i/i

Rb/Sr ��/r �|/r d3/r dr/r di/r h�/r l3/r |l/r sh/3 |r/3

يروش بررس
����W �A �,�� =S�� ���r�sr�#"*A 1)*P?72##*<�.( 0

Ti �Ge �Al )Li-) �A :2�"$5 �� #�'LA-ICP-Ms:_2 
�
6�6/ ."
O��/ =m��� 0h� :2�"$5 ," ��$&� 
�$
�) �>
�$�"*+
�$
���>h�"*+):�$� ," ��$&� #�"� ," ��$&� )� ) �>
K-

�>?�"*+$5$� #4�6.4�> .7I$�#� ���$& OP/ �� �>�1�!� 
�6/ ��"�6�" .Y$&_� ��di�>:2�"$5 ," �S�� ?��$&� �>?
��

:_2 ��$� �6/
6.4	*+ �"*I �."
���T 0#�� �>:C.I.C2�� !�"� 
�	*+ %�_�" "���"*+ .:_2
� ," ���C4-" �A �#K4��5��� �:u3�d 

*4�$���?+T �A Oj4� �5 #�.'yslrr ICP-MS 8�$< ��$A
�	*+ .H)����T #�� :]d[*!2
�>��"6��4-" ) �-" �6/ ��


" �� �5
:_2 0
�	 ," ��	*+ �"*I ���C4-" ��$� �>#.#8�� 0 .x

2- Centro de Instrumentacion Cientifica 
3- Mercantek 
4- Agilent 
5- Finnigan MAT 
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\�F ����4�_A ��$'M� �H��&'I �?*�M�$'#'( 1"*
" �-�./ ���5 ) �-�./�$'A �'_� x��

�*A#1"��P&> ) 1$��5�; H)� �A DA�S� �0)3rr| (�-"]i.[
�# ��#� $2*� 0#�:?A#0dr�2hr�#�-" ��$A *4�)*P .*2*A?
"
H)� �A �B�� H)� 0�>?�
" * 
�" �5 �-" 0:_2 1�P
�

�;��?," �S�� *> 5*2#��5 Z�� ��"� �4F"� �A ) ��$/���-
�&+�� :2�"$5 1"$2�
6_2 :2�"$5 ," "� 
�$'B2 6
�4	�
," �

�>:2�"$5?fg2 #*?P!2 #��P/ ) ,�� �� �6/ O�*5 "6; �> .
��"��>?�
/$9] * #&#��
:_2 O��/ 
�XRF�ICP-

MS�EPMA���T )#�>:?"
�$2):�72 )##0)� 0- ?"
0
��$&�9:; ) �-" �$;$� �>#H)� 8��>?��,T 
>� !��9"�" 

�-" �6/]��|.[5*2#'<" *<�.( Z�(*	 )���$&� �>?
"*A �6/ ���4�"?"
U)6; �� V>)`� 0��6/ ���)T 6�".

و بررس يبحث
�4�
���T �#'<" *<�.( :�(*	 )���$&� �>?"*A �6/ ���4�" ?
"
V>)`� 0]��| ([6; ��U)���"� ) �6/ ���)T �>?," O<�F 

:_2
U)6; �� :2�"$5 �3�6/ �9"�" 6�" ." ��
�SA"� �_.?5*2 #Z
/#&#��
5*2 �A O5 Q.- #9:; *<�.( Z�V�� ) :2�"$5 

��&4F"�5*2 #�"*+ :�])*4� �� :2�"$5 Z#9$4#�>6?��$2 ?�6�� 
-�*A����$/ .
-�*A��>
�� 1�!� �4	*+ %�_�" 1$.5�2 �5 ��*<�.( �5 6>

,
��?��5*2 ��") 6.�"$2#," ���T :5*&2 �5 6�$/ :2�"$5 Z
," *4&5ppm�A �2 #6< 6.a ," VppmN2 ##� *�6.5]h.[

�$�T#.#� �*C�	 �%$#4#2 �o#��4#����] �%$#6- ) %$
2*2 �A o#Z
A#*4!
5*2 �� "� o�- 0#&5 *<�.( Z#A ) 6��"� :2�"$5 ��#V
,"|l%� OP/ "*�T�>�) [6.K�Fe �Be �B�Ba )Sr *<�.( 
�
�"� * 
��5 1)�� �A �4	��P!2 "� :2�"$5 #� O�6.>�]l.[

" ��4f�-
�6�4/� O��5 oM� �A :2�"$5 UT�>?� o�A #�4-$
�;)���a�SiO4�$w� U$m �� �5 c-�./�$'A ���*5 6/� -

� p�!� �6�"�6�$/ .f*A �-" 0P&� ��+�o2" " ," �>
���F 0
"
�6�$m �A 6�$/ \��f UT 
�P
K
) 6�$/ ��F o2" 6.a �

�5"#�`�T �$;$A 
) 6
	*� �#��>?��f �-#'#" 1$P
�$/ ��_ 
]��.[!��; Y$� �-#.�&5 *<�.( #6��"� �$;) :2�"$5 �� ��
]h:[�(!��;#.�[�*C.� 3(!��;#.�[���+)� d(!��;#.�

�"*B;��.!��;#.��; ," �-" 8��B( �*C.� 
: 
.�Si4+�A 
2�5#1$�>?	*� ���a #4��
Ob� * Ti4+
�Ge4+.!��;#.�

�; �A ���+)�
: 
.�2�5 #1$�>?Si4+�A 
KAl3+)
KP5+

"*A?��A 1,"$2 ?� �$A*� ��$/ .!��; ��#.��"*B; �2�5 #1$-

6- compensated substitution 

�>�

	*� K#4�Ob� H+�Li+�Na+)K+"*A ?"
1,"$2 ��_
��A?�; ," O<�F 
: 
.�Si4+2�5 �A#1$�>?	*� �- #4�
)Fe3+, Al3+(� �PB/ ��")�6�$/ .


1$�>?Ob� ��f Ti4+�Ge4+)Al3+���4� #O
�$�
�A�!�Si4+�� .> ) 6��"� �!��; �5 #0Si4+���6�$/

�#�>6�$?$I?
�$�����")$5 �o2" �A �>?�5" #�� 1`
�;)���a�SiO4P!2#� O�6.>� ."*A�.A
w� L��5 ���T �0 �)6

�PB/ ��4f�- �A :2�"$5 �� ���T :5*&2 ) �6�"
K�j�!�?
�&+���
$I?� �5 �-" ��A 1T ," 1"$2jf�/ 1"$.(�"*A ?
�!2#"*	 p
�>6.?�^T 
�*5 ���C4-" 0]l.[A �B��#*<�.( 0

"*A �$&7� ��+,�-�� ) ��+,�-?,�" 
A��*C2
D
- K#o4�
�^T
� �"*I ���C4-" ��$� 0�+#�*.Ti 
K86/ �A *j.( 

- �� ��+,�-#�"*+ o4�#4��&2 �5 "*a �-" 
, O
��?�A
�;
 #*?��5 �� ��>?	�� #�)" K#�)"
.&'#4. � ��#��
�#C�T �0�5)*#A ) U$B#2$#�(��"� .��4B�"Ge> �� #,�	 �

��5#��
&� �5*/ �"*A�.A �6.5
�� 1T :5*&2 0�"�� �6���,�A 
":	"
� V�
� ) 6A��$.( �A 6�"$2 6.5 ��4	� ��+,�-�� *j.( 1"

]l.["*A �)L(
�0Ge )Ti� ��4	� #6�$?�A�!� ���4f�- �� 
" :2�"$5
m )�*> ) ��*5 �C�"*	 
�>6.?��-��-#E)6

6.4�> �*w4��� ." ,"
�B�� �)� 0Ge/Ti-�*A �� �*<�.( 
9:;��^T :2�"$5 
�A 0#�-" �4	*+ �"*I �;$2 ��$� ��])l�i.([ 

N2##5*2 8"*#ZTi )Ge�"*+ �� #9$4#�>6?�� �6�� 
U)6;3OP/ )3�&� 
�6/ ��"� V6�" .�#1":Ti :2�"$5 �� 
�"*+#9$4#�>6?	�� #A *2 K#0��3 �2 ppm�3| �� )

�"*+):�$�#�A �>#0���2ppmddN4� #"� �� ) �-" *
K�>?
�"*+$5$�#� �#1":Ti �A i)ppms��6-� .:5*&2Ge �� 

�"*+#9$4#�>6?	�� #K�"*+):�$� �*2#�"� ) �>
K�>?
�"*+$5$�#4�2*2 �A #Zppmr.sh�0.63�r.���r.ih )�.s��
�.dd72##6/ 0.�"*+ �-" p�!� �P��.a#9$4#�>6?	�� #K

�"*+):�$� ) *2#��>6�)� �>?2)�C4� L��5 �5*2 �� #*<�.( Z
9:;�� 1�!� :2�"$5 �6.>� ..X&># &!a 8)�C2 0#� *#1":

 *<�.(Ti �Al )LiA#�"*+ J'4�� 6F") )� 0#9$4#�>6?�6�� 
��"� �A�>?/$9] #&#��
"*A "� 8)�C4� �� 4-�f )� �5 ?�� ���T 
� *M���"$�&> ��	*+���"� .-*2 �A#" :5*&2 o
*<�.( 0

pf�/ �A �B���>?*C2
D)6<�� Ob�SiO2
�Rb/Sr �� 
OP/ �O5 Q.-3(�"*+#9$4#�>6?	�� #K�Lf*A *2

+):�$��"*#�&M.� 6�)� �>�&� 1�!� �6.>� .*+"*C2
D
�&+���
'<" O��( �U*4.5 �� N2##/ 8"*#&#��
�"*+ #��>
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6'; ������&/ u�:#
���u�� Q.- *#�C2 �� :2�"$5 �9:; *<�.( Z#5*2 �*A��5?�>6#9$4#�"*+ �
",. . .x��

":	" �A �6/�A
V*W
Z*C2
D�#1":Ti ) V>�5 :2�"$5 �� Ge 
":	"
V
4� �� ) �4	�#�B�� �_Ti/Ge&M.� V>�5 �6>"$f 

�	� ."*A�.A
�"*+ �� �0#9$4#�>6?	�� #K��$2 *2?���6�*C2
D

�&+���
&��'<" O��( 6�"$2���U$w2�&+�� �
, 6/�A 
"*
U)6; ," �P��.a�>?�)3�*A �T
.7� 8)�C2 �6��"� ?��

�B��Ti/Ge�>:2�"$5 �� ?�$�"*+ 
�$
�� :2�"$5 ) �>
�$
��>
�
&� �6�4F ) �$/�"
f*A �� �B�� 0��>:2�"$5 ?�
�$
�-
�>�
� �5 #- 1":#'#�� }#
0*2?A �6��"� #�-" �6/ *4! ."
0
�4�
� 1�!� ���5 6>�D
*C2�&+�� �
72 O��( ##�� �6..5 0

" :�]
� 6F") 0#��.W$2 LBI �P��.a#��5 6>"$/ 6/ ��"� ��-
-�./�/$9] )#&#��
5�F �kg2 ," #�&+�� �L4f" *�
��
P!2#�"*+ O#9$4#�>6?	�� #K�-" �4/"� �6�� *2 .Z��; �4P�

:_2 �� �;$2
%$B�)*A :2�"$5 ��>?�
	�� ��"�:#" K
�5 �-" 0
5*2#j�!� 8)�C2 ���T Z��>:2�"$5 �A ?� Q.- #��"6� 1�A:

�6.>6��!� �5?," :2�"$5 �$'B2 
�&+�� K?6/�A 6F") .�4B�"
Q.- 6>"$/�� �?�#� :��� 6�"$2#W$2 "� 1T O#, 6>� �
"*

�� :2�"$5MMEA 8�$< �A #��"� 0"?��	 ?��5 ��>?	�� #K
��*5 *� "��-" .

.)6�� )Z�F*Appm�"$5 ?�"*+ #9$4#�>6?�LA-ICP-MS9:; *<�.( ��>:2?<��"��2جدول
Ti Ge Al Li Ti/Ge 

N82-1 �3d s�/r 3s� s/�r 3/�sd 
N82-2 ��� �|/r d3d �/�3 r/�s� 
N82-3 �3� sd/r dr� d/�� �/�il 

N82-en1 ��� sr/r d�i d/�3 i/�i� 
N82-en2 �3l i|/r 3|l h/�r 3/��� 

N3-1 ��3 id/r 3dl �/�� �/�ss 
N3-2 �3h sh/r hrh r/�r i/�is 
N3-3 ��s is/r ddh l/| i/�sh 

N41-1 �3| si/r 33l �/�r s/�i| 
N41-2 �33 s3/r dhs h/| h/�i| 
N41-3 �33 s�/r d�| |/| �/�s� 
N41-4 �3l sd/r 3|i �/�r 3/�s� 
N2-1 ��d ih/r drd 3/�r i/�si 
N2-2 ��� is/r 3|i 3/| 3/�si 
N2-3 �3� s�/r h�� i/� h/�sr 

N2-en1 ��| s|/r ds� h/� r/�sr 
N2-en2 �3h i|/r 3h| l/| s/�s| 
N37-1 d� ih/r hls d/3� h/h� 
N37-2 3l il/r h�3 s/dh l/d� 
N37-3 3| il/r d|i i/3l i/hh 
N98-1 dd i�/r hhl �/3i l/h� 
N98-2 3h is/r l�� �/dr �/dl 
N98-3 �| i|/r h�s 3/3� l/3s 
N98-4 3s sr/r hsl d/3h i/d� 
N97-1 3� s3/r h�| h/3i 3/3| 
N97-2 dr s�/r l�s s/3h l/d� 
N38-1 d3 s|/r lsi d/3l l/hr 
N38-2 �� ss/r h�h �/�� h/3d 
N38-3 3� ��/r lhd |/3� |/3l 
N38-4 3l ��/r hi� 3/3r |/dr 
N96-1 s dd/� �sr �/�h d/l
N96-2 i h3/� �is 3/�d d/h
N96-3 s s�/� ��� 3/�d �/h
N39-1 s l�/� ��s �/�3 h/h
N39-2 i lh/� �ld i/�d |/d
N39-3 i h|/� �sl l/�d r/h
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\�F ����4�_A ��$'M� �H��&'I �?*�M�$'#'( 1"*
" �-�./ ���5 ) �-�./�$'A �'_� x��
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