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

� !"#$ ����� 
÷

���& '(�) ��*�+, " �-(,�.�/.0 �(1-2 3+.+� 4(5 2)6�-, �1�1* 789 :;�<*8� ;�<*=(

�>8!�, ?(@"?(**

'(�) A"8B C8> ���D*= �=)E A�. �=� ���FE C8> ?@=" ��*�+, ;=8
= ���FE 

A?(50 :�� �(1-2��6�-, G8<�/1(& �1�1* ;�<*8�, 789);�<*8� ;�<*= (HI=" �*= .='(�) A�B?
� )�*�+,��K+� ��K+� '
= �G=
��=� �=8I '(*8! �<
�L/
�=� �M/-N� �� .O(&82P+* Q
=� �"8F�B ��(2"?
8$ ��
�L/
�=� 4��, A?�8(B8F�� �M/-N� �*�+, G�!

�RST 8�8� " Q!E ��
)?�E ���=)�F �G=�*= .���& G)�* �B� 45, �F 3+.+�:�UB� " G=8< (F 4�B ;"�� )�� ��!A�.<�5, " �! G�!
�
�L/
�=� �!A�=� V��*= .W�*= 8F�*�8FG�! ���& ��*�+,�
=)8X-! ���& 4��, 3+.+� ��(&"�"�/2 �;D�/1(�$ ��(*/�"8($ G�!

?(�&= " ��
)"8&"?(Y� �;D�/<Y
8& :3+.+� G�!?(�&"�?(!)�(��.��� ��(��-*/!"�?(! ��(��-*/! (�*= .Z�� 32�=/& " �(�1& '
82
��&��1[�F G�!?+<�!.F�
�$8 A�=� G�!'(�)�(-(,
G�!�=�/-� �P+���\ 7�(-& " �1T= 8T�+M �Q(5S2 �X�� " ]1<�� A?++& G�!

G8^+M�'(F �F/> _F�K2��K+� �F��8B G�!�����& �F �(1-2 �=�3+.+���=� �/`" .)=G/* �X�� �X*�R� �8.
� G8^+M ]1<�� G�!
;/0 Mn/Fe )�F'(.��(�a�/�(�Ti/Al )�F'(.��(���/�(�Co/Ni )�F'(.��(�a�/�(�Co/Zn )�F.��(�('�b/�(�U/Th )�F'(.��(�
�c/�(�La/Ce )�F.��(�('c�/�(�'(.+* �F QX* ���� �&�> 8T�+M)LREE/HREE �F �'(.��(�d�/b("�&�> 8T�+M e/-N�

 ����)ΣREE��F'(.��(�fc/fd (;� � ;�/F �F��8B A?+!� �*= �(1-2 3+.+� A8(>g.��
���8T�+M A?,��N+�F G/.�= ���� �&�> 
;��` 3+.+� G�!�����& 8.
� �F �(1-2 3+.+� P+���&8.��(F A�.<*�> �*= �����& '
= �F��8B .8T�+M H
)/2 G/.�=���� �&�> ��N+�F 

;� � �
�?+& A?, �F A?+!� �Xh� G��N+!Ce '(.��(� �Ff/�� �F "S+� G��N+! �Eu �Ff�/��F �& �*=�+,"� �< �� �F G�!
 3+.+� �F��8B��=� ��=/�-! .O(282 '
= �F�6�(*G�! ���& �� )�* 7E )= ?+�=/2 �i�-B�� �
 " �RK* G�!45, �<	8B ?+,�F "�F'-j

P+* �� k>80 ��� S 2E G�!�31	 8
�* " 3+.+��!" A�/-� 4-@ �/> �F =� �[L�F'<	� �+� _[�+� )=�< �� O`/� O* ;?,
4�B �� 3+.+� �.<�5, " �!?�/, A?-M G�!.

Al="G?(1& G�!:'(�) �-(,m�F��8Bm���� �&�> 8T�+Mm3+.+�m�
�L/
�=�m�(1-2.

��?�� 
k+&=" ��S+� �RK* ��F 3+.+� G�!?(�&= " G8
n$ �(	8o

;/(2�& G=8F �
L�F �RK* 7n` �!?��=� ]1<�� G]���.[
" �!?(�&=G�!?(�&"�?(! �* )= 3+.+� A�.<*�>�=3FE ��F��8B 

"G�=3�"�� �� �< �� ?�/,]c��[.G�!�����& �F��8B 3+.+�
�X�� ��=3FE 3+.+� G�!�����& �F ��
��� ��Mn/Fe G82L�F

=�?���B� r�/^F ]1<�� �<>�* '(�) s(R� "� �� " �G�! 
�
��8B=8	 �
 ";=8B �+(0 �� �< �� ?�/, .�B� G�! �
��8B=8	 

�F 6/1R� )= Z(�<�� �/[ ��� �F��8B G�!'(
�$ �� ";"�� 
�.<�5, �� 4(5 2 ;�F3(� P+* G�! ?�/, .e=/�=;=8B �+(0 

A?�E8F )=G�! 6�(* �
�
��8
) �F��8B?+<�! "��<>�* �
L
�
L A�/2 "G=?��=� Zt+���]f�d.[G�!�����& '(+U-!

�F ��
��� �� �F��8B 3+.+� 8
���� �=3FE 3+.+� G�!�����&
u� G8<-&�?��=� ���X& " 45(� �G"� �78*.G�!�����&

3+.+�G�=3�"�� _[�+� ��G�=3�"�� �F "r�/TQ!8B G�!
�<	8B 45, 3+.+�?�= "7E �F ��
��� �� Z& G�! G=�=� �_-M

u� )= G82L�F 8
��������X& " 45(� �G"� �78*?+<�! .
?,� 8�= '
= 4(�� 8v= " �
�� 7E �� r?�?+1F �/w@ �?+&

�*= 8T�+M '
= A#
" 7n` �� r"�S<� G�!?+
E8	 .]��b[.��
���& G�! �*�8F �F �k!"#$ '
= ](T/2 " G��.�

∗'S12 �6/x�� A?+�
/� :�a�����b�ab�5(�"8<5�= ��$ �:V.Shahrokhi@khoiau.ac.ir 

6�*C= �* y��-, �C"� �;�<�F�2����zRST )= ��ca �2�f�



��� �>8!�, ?(@"?(* ;=8
= �*�+, ���& " �*�+,�/1F �1N� 

���& =)
P+���& 7�(-& " �1T= 8T�+M �-(, '(�) �� 3+.+�
�(1-2�"�.�/.0 �F �!�.� �F 3+.+� P+���& e/� " 4(5 2
'(�) ��K+� �*�+,�� '(({2��8B .

�*�+, '(�) 
�< �� �� �(1-2 3+.+���6�-, G8<�/1(& ;�<*8�, 789

" �1�1*����=��=8I �(1-2 G�<*"� 6�-, G8<�/1(& 
)45,�.(�� ��K+� '
='(F )8� ꞌ��°�b�2ꞌ�f°�b6/[

8, " �Iꞌf�°cc�2ꞌ��°c�6�-, �� " ���-, }8M 789
'(�) � �� �*�+,�:�f����C8> ��FE�*= HI=" ]a.['
=

�< ��'(�) 8t� )= �<
�L/
�=� �+�$ 8
) �� G��<>�* �*�+,
]��[��)8� '(F 28� W8B=) �
=3!/& �+�$S��/B8B� �+�$ " H

~?++*:��=� �=8I ;�`8(* )45,�.((�) A�B?
� )='�*�+,
��K+� HI=" '(*8! �<
�L/
�=� �M/-N� �� ��K+� '
= �G=
�*=]��.[A/& 4�B �j/@ )= =� �<
�L/
�=� �j/@ ?(S*

�� =?` W8B=) ?+& .�� 4�B '
=;��) �j/@ 4(5 2
A�=� 4(5 2 =� �<
�L/
�=� �j/@ �F/+` A�=/
� ��<
�L/
�=�

�*=]��.[��'
=�<
�L/
�=� �M/-N��M=/�=4�B )= ��� G�!
'(0 �F ��X2�= �'(0 ��=�= �F �B��/> �A?�E �/`" ?�=]�c.[
�
�L/
�=� '
= �*�28& �2 Q(*=�"l �� �!'(�$ A?, 4(5 2 ?�=

]��.[�
�L/
�=� '* 3(� �!�B '(���/+* �!]�f[3(� A�B "
'(< 
8<*��]�d[;�(F �*= A?, .3+.+� �����& ��<*=� '
= ��
�� ?�/>8*d���/� ��K+� �F89 6�-, G8<�/1(&�*�8F �F

�*?M r�/T �<
�L/
�=� �M/-N� �� �<�
� Z! �F G�!
8v= �� '(*8! �*= A?, 4(5 2 �F��8B G�!?+
E8	]��[.

�<*/$ k�=�"8	 8v= �� �(1-2 ��K+� �� �
�-B�� �(��{	
A��I �<*/$ 8
) �F ;=/` u<(2 �*/��(I= �*= A�=� V� ;=8
= G=

]�b.[2A�/ '
/(�"= ��K+� '
= �� �/`/� �
"8F�B G�! �"8F�B
?+<�! �(�/<&"82 " "8F�B .A�/2 '
= G8X-! P+* �F �! G�!

Q!E " �(1*= ���/B8B� ��� S 2E '(�) �Q(*=�"l G�!
Q(	��=8	 �F " A�/F �1�B " �<>�* ��=/2 �� �/`/� G�!

�*= G��M �<(�/(	= .�����* Q
 �� �<(�/(	= ��=/2 '
=
F= �*= A?, 4(5 2 � �=�"8	8]�a.[" �<(�/(	= �M/-N�

�
�L/
�=� " �<>�* '(�) r?, �F ��K+� '
= �� �/`/� G�!
'(0 A�/F A��/>]��[�
�L/
�=� �F �(X, ��(�F "G�!

�M/-N� ?+<�! 3
8(� �<(�/(	= G]��.[�<(�/(	= �M/-N�
=� �=8I k�=�"8	 ��K+� 8F ���-& k($ �j/@ Q
 �� 3
8(� ��

]��.['(F r�/T �F 3+.+� �3
8(� �<
�L/
�=� �M/-N� ��
�
L 7/*� �F G= ��=� �/`" �<
�L/
�=� �280 G�!]�c.[

45,�'(�) � �� �*�+,�f���/��*�8F ��/� �(@��]��[;E 8F ��K+� �({I/� "

The Study Area

Geological map of Temelieh area



?1`c�A��-, ��;�<�F�2 ����� ���& '(�) ��*�+, " �-(, 3+.+� 4(5 2 �.�/.0 . . .��� 

�*�8F�� ;� � A?, C�N�= G�! 6�(* �& ?!� �F��8B G�!
�<,=� 3
8(� 3+.+� P+���& 4(5 2 �� =� �1T= k�� �=�3+.+� -

?�=]��.[
*�8F�G�! P+* " �
=8RT �� ;� � �*�+, �& ?!�

P+* O(&82 P+* 4��, �*�+, �<
�L/
�=� G�!)" 8Y*=l
r80(A)=?B " �*�28& Q!E ��& �*= � ��F G�!=��5,E ��
��K+� ��/� �*�8F A?+&=8$ ?+<�!)45,G�! �7 " ]�= .(
4�B �B� 4(5 2 4R� ��K+� �  & G�! ��1T= G�!

����j 8$ " G��^<I=�B� " A�/F 3+.+� 8F _XK+� �M8	 G�!
4�B �*=� �,8F G�! '
= �� �/`/� �8B��K+� ?+<�! .
!��(��B� "�UB� =G��&�)�*G3+.+� ��?�=/2 )=��� � �!G
��&�)�*GF��8B�����K+� ��/� �*�8F ?,�F ]�f[.

'(�) � �� W�*= 8F �� ��/`/� �*�+, �& �SB ;=/2
Z�� �.+* G�!?@=" '
82 ����K+� ��
�L/
�=� 4��, �(1-2

�
L G�!"8F�B ��(2"?
8$ " G=�8.���-!Q
=� ��RST G�! �G=
8�8� " �*�28& Q!E ��
)?�E " ��=)�F?+<�! )45,�.(

P+* ��.+* G�!?@=" '
= '(F �� �F �<
�L/
�=� G�! P��
A/�I �2 3�8IG=" A�/F 3+.+� �=?�� '
8< (F G=�=� �F?,r
�* '(�)?+<�! �<> .���&P+* '
= �� 3+.+� G)�* �F �!

A�/2 r�/T G=)45,��("�<�F�=�)45,�r(�� A?
�-
�/, .F �� �>8 ������K+� ��/���*�8F Q!E G8X-! " �!

�
�L/
�=� F �!�+,"� �4F�I 3(� �1�� 8(9 Z 0 �F "A?!� � 
�*=)45,�]�=.(P+* '
= �F �1�B )8� G=�=� 8< (F �!
�=��
�L/
 G�!��K+� ��/��*�8F A�/F G�!?+
E8	 8v= �� �&

'(�)�<>�* G=�=�45,G�! �
�X
);/0 ;?, �+
�/F
?+<�! .Q!E '
=, �!��F 8�/
�=� " �*� ���& ��(�1& 8F 4�
�=?����(�F Z&?+<�! .Q!E �-1M C�� �F Q!E P+* �2 �*�
4(, �5!E]�d[�
 "�>/1& �="E ��
)� Q!E P+* G= ��=
A8(0 :3X* P+*]��[" ���) 8!�o �F G8<�&�> P�� �F

�X� " ' > A?�8F " 3(2 G�!)= �,�� 6DR�=�FA?
� ;=��F 7E
�� �/, .

45,��*�8F ��/� ��K+� �� �/`/� �.+* G�!?@=" )= �
=8RT 8
"�^2 :]�= (Q!E �� ;?, �+
�/F ��<>�* Z! G�!��
�L/
�=� �F )8 �!
7(�-�I � �� ��F A)=?B Q
 ]1<�� G�! (���& A�/2 r�/^F 3+.+� G)�* �
�L/
�=� �� G= r " �! (���& �<�F�=� r�/T �F 3+.+� G)�*.

]�=7

�r



��� �>8!�, ?(@"?(* ;=8
= �*�+, ���& " �*�+,�/1F �1N� 

�"��*�8F 
G=8F�*�8FG�! P+* " �*�+,�
�*�+, �B#
" G�!
'(�) P+* �
�(-(, ��� S 2E " �<
�L/
�=� G�!��K+� 
3+.+��(1-2 �=��=8RT k
�-($ )= u$
" ��*�8F ����*8B�

�B#
" " �15,8B� �=?{2 �G��<>�* G�!c�G�!?@=" )= ��/-�
��K+� �.+* ?, �,=�8F .�)�� H[���:�1�(T )= A?, �(�2

��/-� '
= �!�*�8F P+* ���& " G��.� G��.�?�?, .�,=�8F ��
��/-� G=8F�*�8FG�! �^� � ��$/5*"85(� �
�!;/0 �	�F

�>�* "�B#
" ��
/��v " �(�"= G�!���& G�! ����-<@= �
=)
�
 " �/`"�/X� G�!?+
E8	 )= ���E Q(5S2 " �F��8B ���*8B�

�B�)=/! "�`/2 ��/� k
�*8	�/F .�/t+� �F�*�8FG�! 
'(�) �-(,��=?{2����/-� 3+.+� P+���& )=;"?F ���& G�!

��(�1& " 32�=/& �1[�FG=8F 2'(({ ��="=8	 G�!?(�&= 8T�+M
�1T=7�(-& �"���� �&�> ����)E
A�. SGS �/ & =����&
�F 7"g �"� r=�/F�<����0 �� 6DR�= " Z(<(� ?(*=A���E G)�*

�"� �F "]([�
���= A?, �S` G�-*D$ ��8` �N+* 
)ICP-MS(3N2
, ��
�(-( ?�?,.)= A��S<*= �F uY*

A�=� " A?�E �*� �F G�!���
=� G�!�=3	= C8� G�!�=�/-� �G=
'(�) ?, 4(1R2 " Z*� ]1<�� �
�(-(, )6"?`�(.

6"?`��<�
��
3N2 ��/-� �����& )= A?, �,=�8F G�! 3+.+� �"� �F �(1-2ICP-MS.)8T�+M " ?T�� O�@8F �1T= 8T�+M G�!?(�&= 
O�@ 8Fppm(.

SHT-1 SHT-2 SHT-3 SHT-4 SHT-5 SHT-6 SHT-7 SHT-8 SHT-9 SHT-10
SiO2 f�/d� d�/�f ��/d� ��/�f f�/�f ��/dc ��/d� ��/�f c�/d� ��/dc
Al2O3 ��/� c�/� ��/� f�/� ��/� c�/� �a/� d�/� ca/� ��/�
Fe2O3 �c/�� �f/�� �b/�� ��/�� �f/�� ��/�� ab/�c c�/�� �b/�� ��/��
MgO ��/� cf/� cb/� ��/� cf/� �c/� fb/� c�/� �b/� �c/�
MnO ��/�c f�/�� ��/�c f�/�� ��/�� ��/�� f�/�c ��/�� ��/�c ��/��
CaO cc/� f�/� cf/� f�/� fc/� c�/� cf/� f�/� cd/� cc/�
K2O c�/� cf/� ��/� cc/� cc/� cc/� ��/� c�/� �d/� c�/�
Na2O �/� �/� �/� �/� �/� �/� �/� �/� �/� �/�
TiO2 �f/� ��/� ��/� ��/� �b/� �f/� ��/� �b/� �c/� ��/�
P2O5 ��/� ��/� �c/� ��/� �d/� ��/� �c/� �d/� ��/� �f/�

Cr2O3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
LOI ��/d bc/b �f/c aa/b ba/b cf/d �f/c ac/b df/c c�/d
e/-N� ��/ad �b/bd �a/a� d�/bd ��/bd ��/a� �/a� �b/bd ��/a� �a/a�

Si ��/�a c�/�� �b/�a cd/�� ��/�� �d/�a ��/�a cd/�� ��/�a f�/�a
Al ��/� ��/� ��/� cc/� �c/� ��/� ��/� ��/� �d/� �a/�
Fe �b/� ��/�� a�/a �c/�� ��/�� bc/� �b/a ��/�� bf/a �d/�
Mn ��/�� �c/b ��/�� �c/b f�/b a�/� �d/�� ��/� ��/�� ��/�

Mn/Fe �a/� d�/� �f/� db/� db/� ��/� ��/� d�/� ��/� ��/�
Ti �a/� ��/� ��/� ��/� ��/� �a/� ��/� ��/� �b/� �.�b
Ba c� �� �� �� �� c� �� �� �� c�
Nb �� �� �� �� �� �� �� �� �� ��
Sr f�� bcc ��a bc� b�b �aa ��� bc� ��� f��
Y �� �� �� �� �� �� �� �� �� ��

Zn ff �c dc �� �c f� dc �c dc fb
Zr c� c� c� c� c� c� c� c� c� c�
Ag � � � � � � � � � �
Co �/�f c/�f �/�f �/�f �/�f �/�f �/�f c/�f �/�f b/�f
Cs b/� b/� �/� b/� b/� b/� �/� b/� �/� b/�
Cu ��f ��� �bc ��f ��� ��� �b� ��c �b� ��d
Ga �c �� b �� �� �� f �� d ��
Hf � � � � � � � � � �
Mo f � � � � f � � � f
Ni �b �c �b �� �� �a �d �� �� �a
Rb a�/�� ��/�� d�/� ��/a ��/�� a�/�� b�/� ��/�� ��/� a�/��
Sn � � � � � � � � � �
Ta f/� f/� f/� f/� f/� f/� f/� f/� f/� f/�
U aa/� c�/� fb/� c�/� ca/� a�/� ff/� c�/� f�/� ab/�

Th f�/� c�/� ��/� f�/� c�/� f�/� b�/� ��/� a�/� f�/�
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