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1 Contamination factor 
2 Contamination Degree 
3 Enrichment Factor 
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�I�     ��I01 � ����I� 
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(�����)  ���'	1393 N��#�� ���a�1 � ��	�<5�� N��#�� ���a�1 <�!�') (ppm��'�) ( (����� :	' ��  ���'	1393 ���'�: b2013  �IL�= b

 � '��B�� �2011 � '��B�� � ����c� b2007( �� '��� �'<G� �Cdeg �Ef  �Igeo �� (��  ���	 N���# ��R���� d���: �� (`!� �<�O) �I:����-

 �e��<�#2011(  

 

Bn  ��R���� ��

 N���# d���:

���	  

Cn ���8 �� ����� NG)�� �R�� 
�� �<�  

�G)�� ����� (�,���'  ��01 (�,���'  

&�� f�� (�,�	�,  (�8���	���
&��  K�	����� 
��

((�,�`�4�O)  
&�� K�	�� 
��  (�,�	�,  (�8���	���

&��  K�	����� 
��

((�,�`�4�O)  
&�� K�	�� 
��  

����� ���� ��  8 5 14 18 11 6 17 12 

Mn 900 900.3 16154.6 1739.5 1181.0 921.6 722.8 1425.0 1153.9 

Sc 11 12.44 10.29 45.07 36.81 14.18 9.50 40.59 33.29 

V 135 51.66 39.01 349.64 245.72 68.09 48.17 322.98 331.00 

Cr 100 2429.20 2686.00 300.75 391.19 2084.00  245.76 393.80 

Co 10 89.37 106.40 45.19 37.67 100.73 102.50 40.23 46.80 

Ni 20 1789.80 2107.00 59.77 116.88 1895.00  124.73 226.38 

Cu 55 11.63 1.00 51.90 65.05 18.37  104.26 63.23 

Zn 70 50.24 35.33 208.74 60.86 35.47  80.72 86.63 

As 1.8 0.70 0.25 0.79 4.12 0.48  19.13 3.39 

Sr 375 18.79 97.41 215.51 257.08 18.59  356.93 385.50 

Mo 1.5 0.05  5.37 3.39   4.77 5.88 

Cd 0.1 0.06 0.06 0.08  0.06  0.10  

Sb 0.2 0.24 0.00 0.05    0.18  

Pb 15 1.02  0.72 0.35   0.83 1.22 

CF Cu  - 0.21 0.02 0.94 1.18 0.33  1.90 1.15 

CF Zn  - 0.72 0.50 2.98 0.87 0.51  1.15 1.24 

CF Cd  - 0.60 0.60 0.77  0.60  1.00  

CF Pb  - 0.07  0.05 0.02   0.06 0.08 

Cdeg  - 1.60 1.12 4.74 2.08 1.44  4.10 2.47 

Ef Mn  - 0.88 19.19 0.47 0.39 0.79 0.93 0.43 0.42 

Ef V  - 0.34 0.31 0.63 0.54 0.39 0.41 0.65 0.81 

Ef Cr  - 21.48 28.72 0.73 1.17 16.17  0.67 1.30 

Ef Co  - 7.90 11.38 1.10 1.13 7.81 11.87 1.09 1.55 

Ef Ni  - 79.12 112.66 0.73 1.75 73.50  1.69 3.74 

Ef Cu  - 0.19 0.02 0.23 0.35 0.26  0.51 0.38 

Ef Zn  - 0.63 0.54 0.73 0.26 0.39  0.31 0.41 

Ef As  - 0.34 0.15 0.11 0.68 0.21  2.88 0.62 

Ef Sr  - 0.04 0.28 0.14 0.20 0.04  0.26 0.34 

Ef Mo  - 0.03  0.87 0.68   0.86 1.29 

Ef Cd  - 0.53 0.64 0.19  0.47  0.27  

Ef Sb  - 1.06 0.00 0.06    0.24  

Ef Pb  - 0.06  0.01 0.01   0.01 0.03 

IgeoMn  - -0.58 3.58 0.37 -0.19 -0.55 -0.90 0.08 -0.23 

IgeoV  - -1.97 -2.38 0.79 0.28 -1.57 -2.07 0.67 0.71 

IgeoCr  - 4.02 4.16 1.00 1.38 3.80  0.71 1.39 

IgeoCo  - 2.57 2.83 1.59 1.33 2.75 2.77 1.42 1.64 

IgeoNi  - 5.90 6.13 0.99 1.96 5.98  2.06 2.92 

IgeoCu  - -2.83 -6.37 -0.67 -0.34 -2.17  0.34 -0.38 

IgeoZn  - -1.06 -1.57 0.99 -0.79 -1.57  -0.38 -0.28 

IgeoAs  - -1.96 -3.43 -1.78 0.61 -2.49  2.82 0.33 

Igeo Sr  - -4.90 -2.53 -1.38 -1.13 -4.92  -0.66 -0.55 

IgeoMo  - -5.49  1.26 0.59   1.09 1.38 

IgeoCd  - -1.32 -1.32 -0.97  -1.32  -0.58  

IgeoSb  - -0.32  -2.58    -0.78  

IgeoPb  - -4.46  -4.97 -5.991   -4.77 -4.20 

                                                
1 Geo-accumulation Index 
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)�T�-
&00* ��00�� f'00
"M &00���� g00�;	5 ��"00�B  !��00? )� ,�1 

��00� ��)�� �00��. � &00$%�7�&00* |%�00'  !��00?) ��00�� 600
�
1 OC00� �00* (4 �00� ��00�� ,�-	00P�B �00-� Cu �Pb �Zn �

Cd �Sb �Sr  �As +�00
 )�  �00
)	* ,�00-  ��00�Ef  �00%
 �000�H )"';�000(   �� 	000'.; �
�000�2   )� �000�� u�000�)��

6�5��00%	M   )��007� ��00-Ef  ) Q�	00; 	00P�B ,�	00*1/25- 
2/16Ef ~ ��00�� ( �00�H N�00�-�   �K�00* )��00$* �
�00�

 ) O0C��9/95- 5/73Ef ~  ��0�� (   �0�H N�0�-�  �
�00�
 ) 60003�/; � K�000* )��000$* )��000$*6/9- 9/11Ef ~  (

���� ��H N��-�  .��'$- K�* �
��  

  

  
 HB�3. H!8 
�R,' �8<��'�# �0G�     �IB�# �	� 
�I��'���� NI��#�� ��     ��I0� (I3Q ���I� 
�I�   �I�c�� 
�I�   �I�  �I0� '� 
'   <I���

 ���'�3� � ���<�)2008.( ;��= �8<��'�# ���<*� .(�' �<� hW0� ����� (�,���' Y��Q �� �<� �4c 
��   
  

73  



��������	 ���� 
�� �
������ ����� ����13����� � 26 � ��!�	 � "���# 98  

 

 

            

 h%K� }R; f?)�  Cdeg < 8  ��H ��D�� �%	'.;  �
�� Ef < 2  h%K� t�/%	75 ��'(���  Igeo ≤ 0   

  h%K� 4
"'� f?)�  8 ≤ Cdeg < 16  ��H ��D�� 4
"'� �
�� Ef = 2-5  h%K�  h%K� �5 ��'(���
4
"'�  

0 < Igeo < 

1 

 

  h%K� ,K�* f?)�  16 ≤ Cdeg < 

32 

 ��H ��D�� K�* �
�� Ef = 5-20  h%K� 4
"'� ��'(�%  1 < Igeo < 

2 

 

   ,K�* )��$* f?)�
h%K�  

32 ≤ Cdeg  ��H ��D��  K�* )��$* �
�� Ef = 20-

40 
 h%K� )��$* �5 4
"'� ��'(�%  2 < Igeo < 

3 

 

      ��H ��D��  )��$* )��$* �
��
�*K 

Ef  > 40  h%K� K�* ��'(�%  3 < Igeo < 

4 

 

       h%K� K�* )��$* �5 K�* ��'(�%  4 < Igeo < 

5 

 

           

 HB�4��� .  
�������� 
<��Cdeg �Ef  �Igeo )  '��B�� � ����j��jB�O 	' ����8��2010( 

  

  |%�00'� &00$%�7�Igeo &00*    ,�-	00P�B ,�	00* ��00�� 600
�
  !��00?) �00=* �)"00�1 (��) �00*  OC00� },�00�*4  ��00��

�000�   ,�-	000P�B �000-�Cu �Pb �Zn �Cd �Sb �Sr �Mn  �
As +�00
 )� �00
)	* ,�00-  ,�)�� ��00�Igeo UF�00� �00% 

:00.T5  )��007� �O00*�7� )� .��'00$- 	�00� �� 	00'.; ��00��
Igeo ) Q�	000; ,�-	000P�B ,�	000*4 Igeo ~ 000C�� � (0 O

)5Igeo > 6�5��00%	M )� (  .600
K�* )��00$* X�00� &00* �00-
 UF�000� )��0007� :000.T5   )� �-	000P�B �000%� ��000��

   4000
"'� �
�"0003� �0001 )� D000�� 2000%��* ,�-�0001��
)2<Igeo<1   �� 	00'.; 200%��*�'� ,�-�001�� )� � 600
� (

) 600
� )��007� �00%�1<Igeo<0 6003�/; �
�"003� .600
�  (
 ) K�00* �005 400
"'� �'�5��00%	M ,�-�001�� )�3<Igeo<2 (

  +�000
 	000�%� )� � 6000
�    4000
"'� �
�"0003� �000-
)2<Igeo<1  .�)�� (  

 2��00
)�  &00* ��00�� &'00
"M )� �00����	( 	00P�B  )�.00�
 �000.� +�0000
 )� �� D0000;	.5 �����0000�� � ��)  ,�0000-
&'00
"M   &00* 200%�D� ,�ppm 2   �!"00M��) 600
�1995 u
�0005�*�;- �`�%�000�M2011 &000* 	000P�B �000%� .(  ��	000.-

���;       �0� ��0%� (60%	�M �0����) ,���3"0
 ,�0-   � �"0�
 !"000P=� )� tK"000.8�    �
���"000- � ���000
	
� ,�000-

����	000(  000%)) 6000
� 	0005 ���)�000C.- � )�2006 ��)� .(
G� ��)� &00* 2��00
)�  �
�"003� g00?"� �00����	%� ,�00-

���� �-  ��0�� �
)	* .�"�   +�0
 �.�0�    20�(�� ,�0-
600�3"�(� 200�(���	'3� � ���� � ��00�B � ��%�00� ,�00-  ,�00-

 !��000?1 �000� ��000��  )� 	000P�B �000%� ��D000�� �000-�
200�(���	'3�  )� 	00P�B �00%� D00;	.5 �����00�� �� 	00'.; �00-

+�00
 M ,�00-&'00
"  +�00
 )� .600
� ,�   200%��* ,�00-
600�3"�(�      &00* 2��00
)� )��007� ��00�B � ��%�00� ,�00-
 �� 	'00��*ppm 3 �00� D00��  !��00?) �00
)1 f00%�M	* &00; (

  �
�"0003� UF�000�Igeo  OC000�)4  �
�"0003� ���000* �(
�� &'$���   6��"'0$�3 �0�� u��"�   �0� �0-    2��0
)� �0���"5

   )�D00- �0005 �� �00�S ��ppm   ��000��* &'00��� 2��000
)�
 ��*�	5)1383 .(  

   +�00
 )� Q�	00; D00;	.5 ��D00��    ��00�� &'00
"M ,�00-
 &000* 2000%�D�100- 126 ppm  �!"000M��) 6000
�1995 u

�005�*�;- �`�%�00�M2011�00
)	* .(  	00C�* � ��00%)��@ ,�00-
)2007+�00
 ,�) (    (6���'��M	00
) 200�(���	'3� ,�00-

   �0� ��0�� ��%�0� � Z)��� A9��� )�     h0�"M \"0�5 �0-�
 h�00* Z)�00�� )� �-�00�
  00�� .600
� ��%�00� �� 	005 �����

+�00
 \�"00�� )� O00C�� ��00
	
� }�'�5��00%	M ,�00-  N�00�
�00
)	* h�00*) ��00� �� 	005ppm 2000 �� �����00�� �� �(

+�00
 )� &'00
"M ,�00- ) ,�ppm 40  �005100&00* (  g005�	�
 &00* �600
� 	5K�00* +�00
 )� �x00%�   &00; 200�(���	'3� ,�00-

 +�00
 �� �8�00
� R00T1  600�3"�(� �00%� �00
���  �) �00-
�00� O��00� �00� � ��"00� &00* �00���"5 00�+�00
 X)"  	'00$*

�	�00
  ,�00-� G� &00%K 	00%� )� �00����	%   ���00
 ,�00-
  ,�00-)"';�( &/00
�=� |%�00'� .��00��* ��00� ��00��M 	00�%�

Ef  �Igeo  !��00?)1  ��00�� �) &00'C� �00%� �'00
)� D00�� (
��  .�0�-�  Q�	0;      � 60
� !"0Y=� G� )� �0'�(	� h0�
&00*  �00� )�00�'�� �00'1�)  &00
 Q�	00; �00�� u�00*�%  �00'�(	�

!�1	�H   R0; � 	05  Z	0=5   	05   f0%�M	* .60
� 	�lm05   �0���
 �000%� �)�� !�000.'1� ���000-��
 h000%�) O000C�� � Q�	000;
       )� O00C�� � Q�	00; D00;	.5 	00'.; �00�)� �00* ��00%�M

Z�00F       (��%�00� �00* &00$%�7� )�) Z)�00�� &007<�� ,�00-
&000* G�i ,�-�000�%�	( 	000'.; X�000� !�000/��  � �000�j*

 ��*�	5) G�[�/+�
2013 .���* &'��� ��'$* ( 

600�3"�(� �200�(���	'3� ,�-�001�� )�  ��00�B � ��%�00� ,�00-
 +�0
 �� �
)D* RT1 &;     �) A9�0�� �0%� �0
���)�   	0*
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&00'(	
 �00��   �� O00C�� 400
"'� ��D00�� �1790  �005ppm 

2107 +�000
 )� �  �� 2000�(�� ,�000-62  �0005ppm 183 
  600$%� ��00=3 �� � 600
� 	00��'�   ,�00-)"';�( ��00<�=�

Ef  �Igeo   �%K�00* )��00$* 	%��007�  �00� ��00�� �)   �00�-�
 !��000?)1000
)	* f000%�M	* .(�  	000C�* � ��000%)��@ ,�000-

)2007  &00* �-�00�
 h00%�) �(  Q�00�Cleome heratensis 

)Capparaceae(   � U'000000j� �A9�000000�� �000000%� )�
��000�� ��000�-� Z�000F +�000
 �� O000��1 ,�000-  ,�000-

      !�.00� � Z)�00�� O��00�) ,D00;	� ��	00%� 200�(���	'3�
  ��00�
 �00%� �	00%� u600
� (��%�00�)�;���00
 �00* &00; �)�� ,

	00P�B 	00�%� � O00C�� :00.T5 �� ��� 200.; !���00'� ,�-
6���'��M	000
 )�     ,	�
"000Y? �"000F )�'F�000
 )� �000-

�00�    	00�%� ��00-��
 �00F	* �00�� u�00�;&00*   �00%� ���00
�
    �0� G[0? �"0F )�'F�0
 )� �) �-	P�B    � �0����) �0��;

 ���)�00C.-1390�00%� �� .( �00� ��00.
 ��) &00* ��)  ��"00�B
   h00%�) �O00C�� 	00P�B ,�	00* �008�/9 ��00��;	'Y�( 200%

 ����00�� �005 ��00�
 �00%� D00(� g00?"� ,� �00�)� �/00$� h%�
G"
) )� OC�� Z�F � �- �� �-   .�"�  

Z�F )� 63�/; X�	���5   &0* �0-     �0*	*�	* !"0.8� )"091   �05
ppm 40   &000* 2000%�D� �� D000;	.5 �����000�� �ppm 7 

) 60000
�ATSDR �2004( u )� 600003�/; )��00007� �0000��
+�00
 �00
)	* 200�(���	'3� ,�00- 600�3"�(� )� ��00�  ,�00-

 &00* 200%�D� ��00�B � ��%�00�ppm 100 )� � +�00
  ,�00-
   &00* 200%�D� 200�(��ppm 40   )"';�00( .600
�Igeo  �00*

  ,�-�0001�� )� 60003�/; ,K�000* �0005 4000
"'� �
�"0003�
+�00
 	00�%� )� �� 400
"'� �
�"003� � �'�5��00%	M  ,�00-

�
)	*  ��0�� ���      ���0��- .60
� &0'C� �0%� N�0�-�  &0; 
 0� 4�=� �)�� 63�/;�  �"0�   �0.� ��0* �� &Y0��(�* � ��) �

6000
� �000C.� &000CY*  �000*	000�%� )i� �000-,  �000% Z�000F
G"00
) ,�00-  h�00;�� �00*����� �� G[00? �00% .�"00� �00-

�00��5 &00'/3� ���00��-  ��00��* ,��00
� 4�00=� 4%�	00� &00;
 �0� 63�/;    �0��* Z	0='� �0��"5  &0* �0�� u  �!�01	-   h0j*
�� �00
)D*  �)�� 6003�/;G"00
) �00-  Z�00F � &00T�'� )� �

  ��)��	00( �00% � ��00-��
     A9�00�� �00%� ,�)��00�; ,�00-
�00� �"00� R%��00��� D00;	.5 �����00�� .   ��00�� &'00
"M )�

  &00* 200%�D�ppm 100   �Q�	00�*) 600
�1991 &00S	
� .(
+�00
 )� R%��00��� )��007� �00
)	* 200�(���	'3� ,�00-  ��00�

 �� 	00'.;ppm 100  +�00
 )� �00�� �600
�  200�(�� ,�00-
h�* &* �� 	5200   �05300 ppm   �0� D0��   &0*) �0
)   �x0%�

600�3"/���� )�   � (600
� 	5K�00* )��00$* R%��00��� )��007� �00-
)"';�00( f00%�M	* Igeo  200%��*�'� ,�-�001�� )� R%��00��� D00��
6000�3"/����)   ) 4000
"'� �
�"0003� (�000-2<Igeo<1 �) (

�� ����  !��?) �-�1.(  
  

Y-  k�'�1����  �.�� 
�� '	  

���00; �� ��9	00
 ,�00- &00* &00; �00%�� 600�3"�(� ��	00.-  �00-
 �0� 6(�%   �0� ��"0�     60$*�� � 203�5 &0* ��"05    Q�0� �) �0-

&00/�M �00%) 600$*�� .�	00*(�"00$� �00% �-"00;  O��00� g00YH�
���00; !"00/���� � ��'��M	00
 ��	00
 ,�00-  �� &00; 600
� �00-

+�0000
 ���0000
	
� � ��"0000
	
� XK"0000P=�  ,�0000-
  600�3"�(� �� �00%� 200�(�� � 200�(���	'3�  &00* �00-  )�.00�

��     �0
)	* f0%�M	* &0'/3� .�0��)   ,�0- +�0
  0
����  ,�)
  6000�3"�(� �000%� ��'�5��000%	M ,�-�0001��   \"000� �� �000-

6000�3"�(�  �'�
)"*�)�000- \"000� ,�000-)HOT
1 ��'000$- (

 ��000*�	5)1391( u  ���000; ��D000�� ��%�	*�000�*    Q��0007�
  +�0
 �0%� )� �$;�	�M"��Y;      � 60
� R0; h�*�0.; �0-

  ���'��M	00
 � ���00
	
� X�00� &00T�'� )�   �00%� ��00�
��	00
  )� �00���	( 600$*�� ��D00�� � 600
K�* ���00
 ,�00-

6�3"�(� �%�    ��D0(� .60
� ��0� ��3"5 �-     ���0%�) ��0%� 	0*
  �00%� )� ��"00
	
� ,�-�00�%�	(600�3"�(�   �00�3"5 	00* �00-

���00; &00* 600�3"�	5 �00���� �%�00- 6�5��00%	M )� �x00%�  ,�00-
�"000
	
� 6000�3"�(� �000%� N�000� 6000��	��) �000-  � ����

 ���)�00C.-2014  R00- .600
� ���D00(� (  f00%�M	* ���00�S
+�00
 +�00
 �00%� ,)�00��  ��00��) D�3�00�� |%�00'� D00�� � �00-

 6000��	��) ,	'��	'Cp000
�  ���)�000C.- � ����2014 �(
6�5��00%	M )� ,�00-  ���00; �&'00�"
   )� O00�5�D%	; ,�00-

 ���'��M	00
 �00M     ��"00
	
� �00M )� 600�3"�	5 � ��00�
&*     ��0�� �0%�M ��	'0$
 )"09   OC0�) �0�� 5 �%�0?�5 �(   &0;

 600�3"�	5 �00���� ���00
 ,�-�001��  OC00�) 600$��5-
C&* (   h0j* �0F	* )� ���;�	M )"9    �0� ��0%� �0-   .��"0�

X�000�@ G� )� �&000�".� ,�	000*  ��000*�	��� &0007<�� ,�000-
�� "Y* ��"5    �0%��� .�0%� �) 60$*�� �� �%�0-)    &0?"5 �0* ��)

  � 4�0=� &*G�  �"0-�     ��%�0� �'�3"0�(� A9�0�� ,	%"0; ,
  &00T�'� )� � ��00�B ��	00
 � )�00/H �� �� �00��� � �00-

    �000
)	* �,�)��00�; Z�000F � �(	00P� G� 	000* 	�lm005
 ���00; �00%� �
�00�;�	M � ��D00��   600�.-� &007<�� )� �00-

.�)�� �%K�*  

                                                
1 Harzburgitic Ophiolite Type 

75  



��������	 ���� 
�� �
������ ����� ����13����� � 26 � ��!�	 � "���# 98  

 

 

 
 HB�5.  �#�B���B�� ���a: ��� ��XPL )Cross Polarized Light) :	' (A) �(B(�,���: ��E`: (K,�: �  �� (H�:�"���) �����#�� �

(�:�<��# ) ����� (�,���' ����8 �<�  �8�8� 
��Opx ��!����#�:�' :Tr �(�,���: :Tlc �K,�: :Ctl) �(H�:�"��� :C ���a: (

(�,���: 	' �����l� (��� �� (!�� ��	�� 
����E�  HB����: � (����� (�,���') (�,���: &�� 
  

�^���
��8  

&00*    �00* �%�'00
�) � ,	�00� A9�00�� Z�00�� fY00��( 600YB
600�3"�(�   �00
x%� �00
)	* ���00�B � ��%�00� ,�00-  ,�00-

��00�� +�00
 � �%��.�00�   � 200�(�� ,�-�001�� �00
���
  6000�3"�(� �000%� 2000�(���	'3�  �000
)	* )� �000-  ,�000-

��00��  600$%� �00
���    .�)�� �%K�00* 600�.-� �00<�=�
X�000�   +�000
 ���000
	
� ,K�000*   }�"
�000�"
 ,�000-
600�3"�(�   &00��F��) �"00?� � ��00�B � ��%�00� ,�00-  ,�00-

 �	�000
 � �Y000P(    A9�000�� )� �000����	%� G� ,�000-
600
�K�* �00�   � Z�00F 600���; 	00* ,	l�00� O00��B �00��"5

��00��  �'�3"00�(� A9�00�� �00%� &00���� )� ,�)��00�; ,�00-
 +�00
 )� .�"00� &'00$���  �"00
	
� �00%)i� ,�00-  � ��00�

��00
	
� �� N�00�  600�3"�(� �200�(���	'3� �005 200�(  ,�00-
  �� &000; ����000
 ,�000-DY( �000����	( ���000�B � ��%�000�

���%K� 6$%� Z��	<F ,�-   &0* �0<�=�   �0� )�.0�   �0��)
   00
 )� 2��00
)� :�� 600
� X)�00/B0+�   200%��* ,�00-

h�00* �� 	005ppm 3 +�00
 )� Q�	00; �   � 200�(�� ,�00-
 h�0000* 20000�(���	'3� �� 	00005ppm 2000 )� O0000C�� �

+�00
   200�(���	'3� ,�00-  &00* 200%�D�ppm 1800  )� �
+�00
  &00* 200%�D� 200�(�� ,�00-60-125 ppm�  6003�/;

+�00
 )�   &00* 200%�D� 200�(���	'3� ,�00-ppm 100  )� �
+�00
  200�(�� ,�00-ppm 40 +�00
 )� R%��00��� �  ,�00-

 &00* 200�(��  600�3"/���� )� �x00%�    &00* 200%�D� �00-ppm 

250- 350&/00
�=� . ,�00-)"';�( �00�H  �
�00�)Ef(  �
�
�"0003� )Igeo( D000�� 000���� N�000�-� O�000$��'M �'000��� 
�
�"003�  �� ,�-	00P�B ��00���% ��'00$- . �	00�%� ,"00
 ��
���000;    � 20003�5 �6000�3"�	5 ��000�Y/�)"- �000���� �%�000-

    ��"0000
	
� � ���0000
	
� XK"0000P=� O0000�5�D%	;
6�5��00%	M +�00
 � �00-  600�3"�(� �00%� 200�(�� ,�00-  �00-

    )� ��"00
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Abstract 
The study of petrological findings and geochemical data of mafic and ultramafic rocks and 

related petrographic units in the ophiolites can be an introduction to environmental geology 

studies, agriculture and natural resources. Regarding the urban and rural areas of Nain to 

Ashin in the vicinity of ophiolitic zone (Central Iran), geochemical investigations of mafic 

and ultramafic rocks of these ophiolites have very important applications in the field of 

environmental geology of these areas. Therefore, available geochemical data of basic rocks 

(pillow lavas and basalts), metabasic rocks (amphibolites) and metamorphosed and altered 

peridotites are considered based on environmental factors. For examples, in the peridotites 

which are one of the most abundant rock units in these ophiolites, the enrichment factor (Ef) 

for Ni is extremely high, for Cr is very high, and for Co is high. In addition, the geo-

accumulation index or Igeo for Ni (~4) and Ni (>5) in peridotites is heavily to extremely 

high. therefore, high Ef and Igeo factors of the studied heavy metals (e.g., chrome, nickel, 

cobalt, arsenic, vanadium) and asbestose minerals (hornblende, tremolite, talc and 

chrysotile) in the mafic and ultramafic rocks of Ophiolites can be known as some dangerous 

environmental pollutants. Thus, investigatation of the volume of such elements penetrated 

into the surface and underground waters and soils in the villages and cities at the foot of 

these ophiolites could be a theme for ongoing studies in environmental geology of these 

areas. 
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