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�.#�9:
	���	�����	�� �!�	�!�"	#�$�%�	&'�((�	)��*+��	&,��(-	.%/0	#10	��	�2(�	)��	,�3��	&, �454�6	,7!3�	#�%/	��	1	#!�8�	�*+��	��	,79:	1	,;<����	.�6	)����= �>
	?7�$	@
�* 	AB(= �>	�3;�	,8%-		1	,��(-	, �>	?%>��	�*C�	�+�(-	)�*�!�	��	��= �>	1�	.
!	,*%*(D/	.�6	B(= �>	)1�	��	SEM-EDAX	)��	E
FG�	1	)��D 	E �>
	)��	,H7�+� 	,+��	1	.%�9�	I1�:	�J�(<	A9K	A#�*%�	AL1�>	AM/	ANO% 	A�7�P>	AQ
�� !1	�( �/	R�%8>	�J�(<	0!	,+��	F>�8�	#!F%/	,����	��	���!	I�!�	#�4 	!�	,C$3�
	�%*(D/	1	�
�%�	)��	N= 	�D
�	���	,/	�S 	E�	���!	.%�9�	�H(<	0!	,C$3�	?7�$	)��F>�8�	)!�!�	E%71!	�
�%�	0!	,4T�	�C(�	�-	UT4/	AB(= �>	��	�5=�	1	�3573�
	F% 	9K	)0��	, �>	�S 	0!	A� !	I�-	F��!3>	&�%=;>	VB �:W	E;K��	��	�
�%�	)0��	, �>	X<��	E>	)�%+Y�	,��/�:	Z[�%�	�� !	I�-	,C�	I�-��
	R�%8>	�J�(<	�S 	0!
	��	R�%8>	�J�(<	F>�8�	)3D7!	1	�%�3:3;�	0!	,C$3�	N��"	�
��2/	,
���(-	���!	I�38 	N8<	9K	)!��	,�3+	N/�\	#!3(<	E�	�
�%�	, �>	A]"!1	��	1	I�3�	�%8�!	��

���!	I�!�	Z3"	!�	�!0	#�454�6	Q
F%(/	^3 	#��O�!	E
�S 	A,79:	.�6	B(= �>

	,79:	A,;<����	A.�6	B(= �>	A,4�1�	, 1�*O7!	_3O�1�O%/	A�3;�	,8%-		A)��D 	E �>	;���.<'�#�	�
E_mail: rostamigsi2006@gmail.com																																																																																																																															�!�
��	�8*��	E7!	Z��"	�������	
����
	*

"�#=��>-�
	#10 	�� 	1 	#!�8� 	)�*+��		`�8- 	aT� 	�� 	,79: 	1 	,;<���� 	.�6 	)����= �>
	��	.�6	)0��	, �>	�V�	NO-W	� !	I�-	]"!1	#�$�%�	&'�((�	)��*+��	&,��(-	.%/0
	)��	L� 	E�	b�
��3/��	.�	E�	,�3��	&, �454�6	,7!3�	c
	#�%/	��	��= �>	1�	.
!
	)!	E(%d	B(�	,7!3�	.
!	���!	I�-	L�G !	VBarud, 1975	A,8��	�%e	)�!�D/� W	�2(�
	, 3:�:�	��d�	A.
�f6	)��	I�3�	f35 	1	,*+��	.%/0	)��	�%7�g�	�%hY� 	�i�	�3+
	)��	,:j
1 	�V���� 	A�!�
�� 	,8*�� 	1 	���� 	ANGi/W 	��! 	I�- 	,;O-�:� 	1
	F% 	1	.�6	B(= �>	1	�%D 1��	B(�	.%�	k�P��!	A)0��	, �>	I�1�i/	,��(-	.%/0
	V����W�!�
�� 	�8*�� 	a�1j		� 	�� 	AI�1�i/ 	1� 	.
! 	�� 	.�6 	)0��	, �> 	,D 3Dd
	��3/ 	NH5/ 	�3K	E� 	V���lW 	m�4*>! 	#���
�0 	�1�4/ 	.%��(C/ 	�>�- 	��!F: 	1
	#��O�!	#10	,
�%8%-3no	1	,��(-	, �>	)��	,:j
1	0!	,+��	���!	E*��:	�!�"	Xi�
	Ed��	�+�(-	E>	.
!	E�	E$3�	��	�(Zamanian, 2007)	��!	I�-	,����	F% 	,;<����
	1	c%* o	� 1�	#�-	UT4/	��	F% 	1	, �g/	�!3/	)�16��	�/! 	��	B(= �> 	�*4%�
	1�	,*%*(D/	.�6	B(= �>	Aa�1j�	.
!	��	A��!�	,
!F=�	a2 	#6	,��4*>!	)3D7!
	E*��:	�!�"	p�+	E$3�	��3/	�3;�	,8%-		1	)��D 	E �>	I�D 	0!	,79:	1	,;<����	��= �>
	A.�6	B(= �>	,;J!	)��0��	,��(-	, �>	q%"�	,����	��	#1F�!	��!	I�-	,g�	1
	��= �>	1�	.
!	��	.�6	B(= �>	)��	, �>	EOP-	��	R�%8>	�J�(<	F>�8�	)3D7!	E�
	��= �>	1�	B(= �>	0!	I�-	E%C�	,;2%J	]r2/	��	)1�	��	A�*�!�	.
!	��	��3-	E*+!���
	,��(-	, �>	XRD	�1�	E�	F% 	E 38 	��	���!	E*��:	L�G !	)��D 	E �>	Eg7�r/	A.�6
 SEM-EDAX 	�1� 	�� 	Er2 	�� 	A.�6 	B(= �> 	E 38 	��)1� 	�� 	���! 	I�-
	E
FG�	(Scanning Electron Microscope-Electron Disperssive X-ray Analysis)

	A!�� �> 	ALS-Chemex 	I�D4
�/06 	�� 	F% 	E 38 	s 	)1� 	�� 	1 	I�- 	L�G ! 	�3;�	,8%-	
	E
FG� 	(Inductively coupled plasma-Mass Spectrometer) ICP-MS  �1� 	E�
	1 	,��(-	, �> 	)��	,:j
1 	.
��0��� 	AE7�2/ 	.
! 	�� 	���! 	I�- 	L�G ! 	,8%- 	?%>��

���!	E*��:	�!�"	E$3�	��3/	��= �>	1�	�
�%�	1	�%*(D/	)��	, �>	�3;�	�8%-

"?��4��@���>2
	,79:	1	,;<����	)����= �>	.�6	B(= �>	0!	,;2%J	]r2/	��	!�*�!	Aa�1j�	.
!	��
	)��	,:j	
1 	A,��Og ! 	�3 	�� 	)��D 	E �> 	_3O�1�O%/ 	0! 	I��5*�! 	�� 	1 	�- 	E%C�
	����:	�!�"	Eg7�r/	��3/	�"�	E�	AB �:	��	k�P��!	��	, �g/	I��/	����	1	,��(-	, �>
		1	SEM-EDAX	)��	�1�	��	)0��	I��/6	0!	M�	A.�6	B(= �>	0!	,
��	aT�	Mt�
	Aa�1j�	.
!	��	I��5*�!	��3/	,4�1�	, 1�*O7!	_3O�1�O%/	��-	E
FG�	ICP-MS

	)!�� 	A.%
�� 	1 	[�� 	u9+ 	)��	�7�\ 	�� 	��> 	E� 	���" 	E> 	��! 	)!	I��>�(d 	Q*=%�
	I�D*��	���!	b�=\	)��	#3/06	�!��	X–ray	,8>	1	,5%>	E
FG�	1	)�!����
3H�
	a-3� 	1 	)0��	I��/6 	Q*=%� 	E� 	FCG/ 	1 	I�3�  Leo 1455 VP 	`�/ 	SEM-EDAX

	,
�8(:�F� 	)!�!� 	I��P/� 	I�D*�� 	MO
! 	3��� 	v%K 	aT� 	���!  (coating) 	E 38 
	�� 	,4�1j� 	)���!F�! 	.
��	)�����> 	0! 	,O
 	I�D*�� 	.
! 	���! 	��!�� 	������ 	��
	,��%: 	L3;< 	A,O-Ft !� � 	A,O-F� 	A,*=
0		L3;< 	A)o�37�*/ 	A�!3/ 	L3;< 	)��	E(%/0
	.
��	QC/ 	�(Hobart & Willard, 1998) 	��! 	3 � 	)�1�(� 	1 	c
F%� 	A)�3 �$ 	1
�( �/	, !�D4�1j�	w�3�	v;*T/	L3;<	��	SEM-EDAX	�1�	)�������>	1	`3J!

		 ����� ����	
�� �
�������� �� �������� �����
�� �����!���� ��"�
��� ����#


	E%C� 	A_3O�1�O%/ 	.
! 	�
!3� 	0! 	���! 	E*��: 	�!�" 	Xi� 	��3/ 	Zheng (2006) 	1
	x0� 	)��	��� 	E%C� 	E� 	0�% 	#1�� 	y�F� 	)��	E 38 	I���4/ 	#�O/! 	1 	E 38 	]
��
	�
1�H� 	E%C� 	�� 	#1F�! 	AI�D*�� 	.
! 	?��(/ 	#!3� 	E� 	E$3� 	�� 	Aa�1j� 	.
! 	�� 	���!
	1 	��	, �> 	0! 	)��!3/ 	�Back-Scattered Electron Image 	,*��
0�� 	)��	#1�*O7!
	)!	E42 	E
FG�	A)��!3/	��	1	E*��:	�!�"	p�+	)�H(<	E
FG�	�i�	A`3CG/	)��0��
	AE
FG� 	^3 	.
! 	�� 	���! 	I�- 	L�G ! 	,
�% �> 	)��0�� 	0! 	(map image analysis)
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"#$%�&�"'(�����)*+�,�*���-�.��/�0� ���&�0��123��4'��"�����&�,��2-�	-�.�5�56�,�*�	�7��

	�� 	Q� 	1 	I�- 		c%O5� 	1 	!FG/ 	Z�3J	E� 	Q� 	A�S 	��3/ 	�J�(< 	#!F%/ 	1 	,:�(>!��
	0!	,+��	���!	I�-	I��%�	,HT4/	)��	B �	�� 	E
FG�	��3/	I�1�i/	�
3H�	)1�
	NO-�:�	)��	B(�	1	,��(-	.%/0	)��	E 38 	Eg7�r/	��	_3O�1�O%/	.
!	)�������>
	���!	I�-	I�!�	#�4 	Passchier & Trouw (2005)�$�  Lloyd & Hall (1981)	��	I�-
	��	F% 	)F;�	1	)F;��%e	)��	, �>	0!	,+��	��3/	��	I�D*��	.
!	,8>	)��	E
FG�
	(SEM)	,4�1�	, 1�*O7!		_3O�1�O%/	���!	I�-	�4*(/	Champness et al. (1982)

	1 	,��(-�3;� 	A,�!�:3�3� 	A,*+�(-	�T
� 	Z�<9K! 	��! 	���" 	)�����> 	z�i7 	E�
	1 	�J�(< 	.%%g� 	���!�D� 	��%*+! 	�� 	,���� 	��3/ 	)��	E 38 	��3/ 	�� 	!� 	�3;�	�8%-
	��! 	�
��	#�O/! 	I�D*�� 	.
! 	w�3� 	�C 6 	,P= 	�
��2/ 	1 	E 38 	�� 	�3$3/ 	Z�P%>��
	�J�(< 	, !1!�� 	)���!�38 	A)�H(< 	E
FG� 	E42 	#3d 	v;*T/ 	)��	Z�3J 	E� 	E>
	L0[	��3-	,/	��!F:	�S 	��3/	E 38 	I�(��	N%O4�	�J�(<	,8>	�
	)��<	�
��2/	1
  I�D*��	�� 	#6	@
�* 	a
�8 	1	E
FG�	)��	�1�	��	^3(� 	.
! 	E>	��!	��16��
 	E�

	#6	�3;�	,8%-		v;*T/	)��	,:j
1	1	B(= �>	�+�(-	�/!	��	� !3�	,/ SEM-EDAX

	�%:��	,
�% �>	)��0��	.%�	k�P��!	q%"�	,����	��	)��!3/	��	1	�-��	�(8-0�!	��%=�
	��3-	,/	�G(/	,
!�6	E �>	)��	�1�	)0��	E(%C�	E�	AB �:	F% 	1	B(= �>	��

���"�� ���/�7�.�����>0
	)0��	I��/6	.�6	B(= �>	0!	Z�3J	1�	E�	a�1j�	.
!	��	Eg7�r/	��3/	)��	E 38 
	�C 6 	)��D 	E �> 	���	�:j
1 	1 	�- 	E%C� 	,;2%J 	]K�2/ 	A��	E 38 	0! 	)�!�g� 	0! 	��-
	1	�
�%�	)��	, �>	A��	E 38 	.
!	0!	,
��	aT�	��	����:	�!�"	Eg7�r/	��3/	�"�	E�
	�3�	I�-	)�!�:	�/9<	1	UT4/	A`3CG/	)F;�	)��0��	)��	c
	F% 	1	�%*(D/
	AEg7�r/	��3/	)��	E 38 	L1�	aT�	���%:	L�G !	)��	q%"�	���	�����	�C 6	)1�	��	��
	,79:	1	,;<����	.�6	B(= �>	0!	�%*(D/	1	�
�%�	I�-	)0��!�$	)���3;�	N/�-
	I�- 	)0��!�$ 	���O%;%� 	1 	)�%573� 	0�� 	p3;+ 	E$�� 	E> 	.
! 	E� 	E$3� 	�� 	���!
	)��	E
FG� 	@
�* 	1 	��! 	�!��3+�� 	,J�+ 	�%8�! 	0! 	A,�3�1F
! 	���	����� 	�!��
	.
!���(�	A���	,/	#�4 	)��
0	,D*=�!1	��	E 38 	)0��	I��/6	��	�"�	#!F%/	E�	,�3�1F
!
	B(= �> 	)��	E 38 	)1� 	�� 	A�34> 	,��(-	.%/0 	#�/0�� 	,
!�6	E �> 	I�D4
�/06 	��
	0��	)�!06	E$��	E�	#�%��	��	��>	.
!	1	�-	L�G !	a
!��+	Z�%;8<	!�*�! 	A,��T* !
	,=%K�({/	I�((>!�$	1	.%D(�	Z�g
�/	0!	I��5*�!	��	Mt�	���>	!�%�	E/!�!	)�%573�
	)��	E 38 	�
�C 	��	��-	��%<��	E;\�/	.
�(d	��	E 38 	��	A(magnetic separator)

	I�D*�� 	�� 	A(purity) 	p3;+ 	#!F%/ 	0! 	#�(%8K! 	`3H\ 	�3S(/ 	E� 	I�- 	)0��	I��/6
	E�	L0[	��-	E
FG�	E 38 	��	0!	,
��	aT�	1	���:	�!�"	,����	1	`�*(>	��3/	SEM

	c
	��	!�*�!	��	E 38 	A#��>	)���	�3S(/	E�	A)0��	I��/6	E;\�/	��	E>	��!	��16��

	���!	I�-	m�\	E
FG�	@
�* 	��	I�2 	�
��2/	.
!���(�	A�-	I�!�	a-3�	I�2 	x0� 	E
[

��������	
������������������
����/�7������>)
	&, �454�6 	)��	B(� 	#�%/ 	�� 	,79: 	1 	,;<���� 	��= �> 	1� 	�� 	.�6 	)0��	, �>
	)��	.
!	,��(-	B(�	?%>��	���!	I�!�	|�	b�
��3/��	.�	E�	�2(�	)��	,�3��
	Z�3J	E� 	�*4%� 	AI�- 	#3:�:� 	w�!1�\ 	�� 	)�%�! 	, �454�6 	)��	B(� 	N/�-
	B(�	E��/ 	Z��3�� 	I�: 	1 	,��(��> 	)��	E
[	#�%/ 	�� 	I!�8� 	A,*%73
� 	m3� 	1 	I0!�:
	���D 	B(�	���	�����	1	,
!�iJ	Z!���4/	b��!	��	���!	I�-	#3:�:�	,�3�
	A�
�3
�	1���: 	?%>�� 	�� 	� �454�6 	E8% 	1 	)f35 	)��	I�3� 	)�%D
�$ 	AI�-	L�G !
	,7!3�	.
!	��	�% !�:	1	�% !�:3(%�	A�%(%�	A�
�3
�3 !�:	A�
�3
�1F 3/	F��!3>
	E2r(/ 	, 3:�:� 	I�: 	1 	,;O-�:� 	X<�� 	A,*+��	.%/0 	)��	�%7�g� 	.%\ 	�� 	,D(�
	E2r(/ 	�� 	�!�	#38(+� 	)!	E(%d 		B(� 	)���\!1 	�D
� 	���! 	I�- 	.�6 	B(= �> 	1

	.�3%/3D%7!	N%=���	)�!16 –,��(��>	�7!3�	AVb�%7W	#!�8�	)��	�%;%�	N/�-	?%���	E�
	���	����� 	A,
!�iJ 	Z!���4/ 	�V���� 	A,"!�-!W 	��! 	� ��!3> 	)��	E*4C 	1
	)1�	��	,�3O�1�O%/	1	,*��	E 38 	b�%2/	��	I�-	L�G !	����	1	�+��	A)�*/3no
	)�3P8� 	,7!3� 	E> 	��! 	?;r/ 	.
! 	�D �%� 	,D8� 	,79: 	1 	,;<���� 	.�6 	B(= �>
	E%71! 	N= 	1 	�%*(D/ 	)0��	, �> 	N/�- 	A��= �> 	1� 	�� 	�� 	,
!0	, �> 	1 	V)F o!���W
	A)3 �h 	)��0�� 	�� 	#6 	0! 	M� 	���! 	�%D 1�� 	B(� 	�� 	#�/F8� 	�
�%� 	1 	�%�1�%�
	)��	, �> 	1 	�
�%�3O7�> 	1 	�
�%� 	#3d 	)�%573� 	)��	, �> 	�� 	I!�8� 	�%*(D/
	.%�	��	1	#��F%/	B(�	,7�+	)���}�	��	�C 6	,:�0!3�	0!	,-� 	,��(��>	1	)�%=>!
	����	1	,��(-	, �>	���	�����	b��!	��	���!	E*-!�	)0��	, �>	A�%*(D/	1	E;K��
	)�%+Y�	A�%*(D/	E�	�P= 	�%�1�%�	1	�
�%�	�( �/	)�3573�	)��	, �>	A, �g/	I��/
.>��	E��O-	A)!	E(%/[	A)!	E
[	A(disseminated tex.) 	I�(>!��	E !�	)��	���� 	��(*=�

	NO-W	��!	I���4/	N��"	, �g/	I��/	��	(.massive tex)	)!	I�3�	1	(
%����%����'����+)

	B(= �>	)��	, �>	�D
�	1	�
�%�	1	�%*(D/	NO-		)�!3 	����	1	,:�!1	y��	Eg�3�	�V�
	B(= �>	)1�	��	)!	E%\� 	, 3:�:�	0��	c
	Q>	���	��O;8<	0!	�
�O\	,;<����	.�6
���!	I�-	I�!�	#�4 	,79:	1	,;<����	.�6	B(= �>	0!	,
��	aT�	A�NO-	��	���!�	.�6

��������	
�����
���A����������������"�����7����>B
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	��!F: 	Eu 	,5(/ 	���G(�	,� 	1 	w�3*/ 	�� 	v%g� 	LREE/HREE 	q
�5� 	�P= 	A
	A� 1�
�>	�5=�	0!	�%2�	1	,(e	B(= �>	^3 	1�	��	��	E>	.
!	�D
�	E*O 	���!	I�-
 Frietsch &) 	��!� 	�C 6 	#�3� 	Y4(/	Q� 	0! 	#�4 	.
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	#1�O%/ 	��&��� 	.%� 	���3;� 	I0!� ! 	���! 	E*��: 	)�$ 	#��F%/ 	B(� 	,7�+ 	)���}�
	,+�� 	�� 	�Vl 	NO-W 	��! 	Vm3G/W 	,7�+3� 	1 	�!�	I�5\ 	�C 6 	�r� 	1 	I�3� 	�%{*/
	�� �!� 	�3}\ 	�
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!	� 1�	1	Z!�%%{�	��	��!	I�-	R�T* !	R1��1�O%/	1
	]��� 	�
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	)��	E�:� 	1 		E:� 	Z�3J 		E� 	,79: 	.�6 	��= �> 	VB �:W 	E;K�� 	0! 	,4T�
	I�- 	)��5\ 	)��	IF{/ 	�� 	v;*T/ 	)��	!�P*� 	�� 	E> 	��! 	�
�%� 	&F��!3> 	&�%=;>
	Ij
3� 	1 	��	E:� 	^3 	.
! 	A,
�% �> 	)��0�� 	��	q%"� 	,���� 	�3S(/ 	E� 	��3-	,/ 	I�
�
	.
!	)�H(<	E
FG�	1	�
�%�	�3;�	,8%-	Eg7�r/	A��= �>	��	�
�%�	v;*T/	)��	N= 
	�
�%�	, �>	��-	R�T* !	��	E:�	^3 	.
!	0!	E 38 	c
	)1�	��	SEM	I�D*��	��	, �>
	, !1!��	��	F��!3>	&Z�(��>	E;K��	��	NO-�3+	1	�-��	)���3;�	Z�3J	E�	E 38 	.
!
	E*��:	�!�"	Eg7�r/	��3/	1	E%C�	#6	,;2%J	]K�2/	��	a%�	E>	��!	���(��>	0��	�*4%�
	)��	aT�	)1�	��	E
FG�	��� 	�	���!	E*-!�	�� 	��	F% 	!�	,P7�$	��%=�	@
�* 	1	��!
	AI�-	L�G !	(Map analysis))!	E42 	E
FG�	��	NO-	��	��-	L�G !	E 38 	.
!	v;*T/
	,=%;%�	&,��(��>	E;K��	1	�
�%�	)�%573�	, �>	��	�3$3/	�J�(<	, !1!��	Ac%O5�	E�
	����		w�3*/	, !1!��	��	9K	�H(<	�3-	,/	I�
�	E>	)�3K	#�8�	���!	I�!�	#�4 	!�
	N/�> 	E
FG� 	�� 	E*��
 	.
! 	���! 	E*��
 	F>�8� 	�
�%� 	)�%573� 	0�� 	�� 	, 01 	�J��
	���!	I�-	�%
Y�	1	UT4/	,�3+	E�	F% 	�s	NO-	��	E 38 	.
!	)1�	��	I�-	L�G !
	)!��	,�3+	N/�\	#!3(<	E�	A�
�%�	)�%573�	E �>	E>	���:	EG%* 	#!3�	,/	.
!���(�
	��O;8< 	,79: 	.�6 	��= �> 	�� 	0��	E �> 	)�%+Y� 	,��/�: 	���	̀ �%� 	�� 	9K 	�H(<
	��= �>	��	,��(��>	&F��!3>	)��	E:�	^3 	.
!	�*4%�	)��	,����	.
!���(�	���!	E*-!�
	�� 	�
�%� 	�� 	I!�8� 	9K 	)0��	, �> 	0! 	^3 	.
! 	E��4/ 	��3-	,/ 	��C(4%� 	,79: 	.�6
	9K	��	#1F�!	AEg7�r/	.
!	��	.(Pirajno, 1992)		��!	I�-	E*+�(-	N/�>	�3K	E�	�% �

��-	I�
�	��	E
FG�	0!	)�!�g�	��	F% 	(Sb)	#!38%* 6	�H(<	,�!�8�

�����"1����>F
	�� 	I�- 	L�G ! 	)��	E
FG� 	1 	)��D 	E �> 	���	����� 	A,
!�iJ 	Z!���4/ 	b��! 	��
	.�6 	B(= �> 	)1� 	�� 	SEM-EDAX 	�1� 	�� 	��� 	.%*=T 	)!�� 	E>	a�1j� 	.
!
	~�r/	��H*+!	E�	!�	�
0	@
�* 	#!3�	,/	A��!	I�-	L�G !	,79:	1	,;<����	)����= �>


�38 
	1		Ni, Cu, Co, V, Ti, Cr, PGE, Au�( �/	R�%8>	�J�(<	0!	,+��	�3}\	,����	&
	,;<����	.�6	B(= �>	��	�
�%�	1	�%*(D/	)��	, �>	?%>��	��	S	1	P	)��	,H7�+� 
	,C$3�	?7�$	F>�8�	)!�!�	AE%71!	N= 	1	#o3t%�	�
�%�	�C(�	���	,/	#�4 	,79:	1
	,C�	A�J�(<	.
!	�S 	0!	�%*(D/	1	�
�%�	)��	N= 	�D
�	���!	(Pt)	.%�9�	�H(<	0!

�� !	I�-
	�D
�	E$3�	?7�$	@
�* 	E;8$	0!	�
�%�	, �>	EOP-	1	?%>��	��	(Au)	9K	,
���(-	&
	��!	?;r/	.
!	I�(��	#�4 	AEg7�r/	.
!	0!	I�/6	���	E�	��!3-	���!	Eg7�r/	.
!	��
	N��"	F% 	9K	�S 	0!	A��!	�
�%�	)0��	, �>	)!�!�	E>	)�%+Y�	,��/�:	Z[�%�	E>
	�3}\	1	I��>	N8<	9K	�H(<	)!��	,�3+	N/�\	#!3(<	E�	A�
�%�	, �>	1	I�3�	E$3�

���!	I�38 	�
��	#�O/!	!�	,��(��>	&F��!3>	E;K��	��	�!06	Z�3J	E�	9K
	)0��	I��/6 	)��	E 38 	�*4%� 	)[�� 	p3;+ 	E$�� 	0! 	#�4 	AEg7�r/ 	.
! 	@
�* 	&
	)!�!� 	F% 	��	E 38 	0! 	)�1�i/ 	�!�g� 	���!� 	,�3�1F
! 	���	����� 	�3S(/ 	E� 	I�-
	��%< 	#��� 	[�� 	��3/ 	�� 	L0[	Z!�%C8� 	E>	�(*=� 	�%=;>	1	F��!3>	)��	,H7�+� 

��-	f�T�!	��	E 38 	.
!
	B(= �>	��	`3CG/	)��0��	0!	)�!�g�	�3;�	,8%-	1	,��(-	, �>	?%>��	,����	&
	E> 	��! 	I�- 	�G(/ 	#��O�! 	#10 	�� 	�%�3:3;� 	, �> 	,
���(- 	E� 	F% 	,79: 	.�6
	.
!	��3/	��	,�3��	&, �454�6	E%71!	Y4(/	�� 	,*%*(D/	#��O�!	E
�S 	�
32�	X<��

	���!	I�-	��= �>
	R�%8>	)��	x�+	E�	�P= 	(LREE)	cP�	R�%8>	)��	x�+	)3D7!	,;>	�3K	E�	&
	I� �%:���� 	)��	B(� 	�� 	Q� 	1 	,*%*(D/ 	.�6 	B(= �> 	�� 	Q� 	A(HREE) 	.%D(�
	�!3/	Q>	,4T�	R1f	`3Hi/	� !3�	,/	E>	�(��	,/	#�4 	,:�-	,(e	A, �g/	I��/
	��	,4T�	�3;P�	,
�C 	�(
!��	`3Hi/	�
	1	I�-	,(e	E*-3:	�1�i/	R1f	A)!	E*-3:

	��-��	E2r(/	Q=%��8:�/
	1 	,*�� 	E 38 	b�%2/ 	�� 	I�- 	L�G ! 	���� 	1 	�+�� 	1 	)�*/3no 	���	����� 	&
	��! 	?;r/ 	.
! 	�D �%� 	A,79: 	1 	,;<���� 	.�6 	B(= �> 	)1� 	�� 	,�3O�1�O%/
	E%71! 	N= 	1	�%*(D/	)0��	, �>	N/�-	A��= �>	��	,
!0	, �>	1	)F o!��� 	,7!3�	E>
	,�3��	&, �454�6	)��	��	1	�%D 1��	B(�	��	#�/F8�	Z�3J	E�	A�
�%�	1	�%�1�%�
	1	�
�%�3O7�>	1	�
�%�	#3d	)�%573�	)��	E �>	A)3 �h	)��0��	��	#6	0!	M�	���!
	A#��F%/	B(�	,7�+	)���}�	��	�C 6	,:�0!3�	0!	,-� 	,��(��>	1	)�%=>!	)��	, �>
	�%�1�%�	1	�
�%�	�( �/	)�3573�	)��	E �>	���!	E*-!�	)0��	, �>	�%*(D/	1	E;K��

	��(*=�	)�%+Y�	A�%*(D/	E�	�P= 
	)��0�� 	�� 	.%�9� 	)��H*"! 	�0�! 	�� 	)0��	, �> 	`�8*\! 	,��
0�! 	1 	,����
	I�1�i/ 	��3-	,/ 	��C(4%� 	E%71! 	)��	N= 	�� 	Ij
3� 	��= �> 	1� 	�� 	�
�%� 	1 	�%*(D/
	.�6	B(= �>	��	I!�8�	�%=;>	1	F��!3>	E;K��	)��0��	Ij	
3�	1	,79:	.�6	��= �>
	9K	)��H*"!	�0�!	��	)0��	, �>	`�8*\!	�S 	0!	A��!	�
�%�	)0��	, �>	)!�!�	E>
	#6	Z1�5�	1	�
�%�	0!	N= 	.
!	,�3�1F
!	,:j
1	.%(�8�	��3-	Eg7�r/	��	]/�$	�3K	E�

	���%:	�!�"	E=
�2/	1	a�1j	�	��3/	��	N= 	�D
�	��

��'G�7�H7
	,��(-	.%/0	#�/0��	0!	)03 0	1	�iJ	��	Q �+	E �8%8J	)��O8�	a�1j�	.
!	��
	#�/0��	L�*i/	#[3�=/	0! 	.%(�8�	���!	�
�2� 	E*=
�-	�34> 	, �g/	Z���4*>! 	1
	�%C/	!�	a�1j�	.
!	)!��	L0[	Z9%C=�	E>	�34>	, �g/	Z���4*>!	1	,��(-	.%/0

��3-	,/	, !���"	1	�O4�	A� !	I�38 

���� �!���
"#$%�&�"'(�����)*+�,�*���-�.��/�0� ���&�0��123��4'��"�����&�,��2-�	-�.�5�56�,�*�	�7��

,79:	1	,;<����	.�6	)����= �>	1	E2r(/	E�	,��*��	)��	I!�	1	,
�%�!�{$	�%g"3/	&�	NO-
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���

#!��O8�	1	�!�
��	�8*��	E7!	Z��"

(Ga)	,79:	1	(Ha)	,;<����	I�-	��%<��	�%*(D/	��	R�%8>	,>�+	1	R�%8>	A,;J!	�J�(<	,8%-	E
FG�	@
�* 	&�	`1�$

Sample.No Location SiO2% Al2O3% Fe2O3% CaO% MgO% Na2O% K2O% TiO2% MnO% P2O5% BaO% L.O.I total

LOR 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

86-Ha-P1 Baba-Ali 7.66 0.95 85.1 4.28 0.93 0.08 0.05 0.08 0.04 0.1 0.07 0.3 99.6

86-Ha-P3 Baba-Ali 4.06 0.93 89.3 4.63 0.99 0.08 0.06 0.06 0.04 0.13 0.01 -0.89 99.4

86-Ga-P8 Galali 2.8 1.7 92.4 0.52 2.11 0.02 0.29 0.08 0.06 0.06 0.01 -0.47 99.6

86-Ga-P9 Galali 11.8 2.37 77.9 4.42 3.87 0.03 0.43 0.19 0.11 0.04 0.01 -1.67 99.5

  

ppm Ag Ba Ce Co Cr Cs Cu Dy Er Eu Ga Gd Hf

LOR 1 0.5 0.5 0.5 10 0.01 5 0.05 0.03 0.03 0.1 0.05 0.2

86-Ha-P1 Baba-Ali 1 324 9.7 26.3 10 0.22 288 0.4 0.28 0.19 3.3 0.53 0.6

86-Ha-P3 Baba-Ali 1 8 12 1.5 10 0.18 258 0.28 0.19 0.11 3.3 0.45 0.2

86-Ga-P8 Galali 1 34.6 0.8 13.6 10 0.83 106 0.09 0.07 0.03 4.2 0.12 0.2

86-Ga-P9 Galali 1 39.2 6.2 14.3 10 1.25 18 0.51 0.32 0.06 4.3 0.57 1

  

ppm Ho La Lu Mo Nb Nd Ni Pb Pr Rb Sm Sn Sr

LOR 0.01 0.5 0.01 2 0.2 0.1 5 5 0.03 0.2 0.03 1 0.1

86-Ha-P1 Baba-Ali 0.07 7.6 0.05 2 0.2 2.8 5 27 0.88 0.9 0.53 2 40.1

86-Ha-P3 Baba-Ali 0.05 7.7 0.03 2 0.2 3.3 5 5 1.1 0.9 0.42 1 15.4

86-Ga-P8 Galali 0.02 2.4 0.01 2 0.2 0.3 5 5 0.08 33 0.03 1 4.7

86-Ga-P9 Galali 0.11 4.3 0.05 2 0.7 2.4 5 5 0.67 39.5 0.47 1 43

  

ppm Ta Tb Th Tl Tm = V W Y Yb Zn Zr  

LOR 0.1 0.01 0.05 0.5 0.01 0.05 5 1 0.5 0.03 5 2  

86-Ha-P1 Baba-Ali 0.1 0.07 1.45 0.5 0.04 0.47 8 1 2 0.21 48 27  

86-Ha-P3 Baba-Ali 0.1 0.07 0.83 0.5 0.02 0.3 6 1 1.7 0.18 33 10  

86-Ga-P8 Galali 0.1 0.02 0.55 0.5 0.01 0.35 8 3 0.5 0.07 110 12  

86-Ga-P9 Galali 0.1 0.12 1.15 0.5 0.05 0.59 16 3 3 0.29 85 38  

	A�
�%� 	)��	E �> 	,71 	A��! 	�%*(D/ 	A��= �> 	1� 	.
! 	�� 	I�%d 	E �> 	
,79: 	1 	,;<���� 	)����= �> 	�� 	.�6 	)0��	, �> 	v;*T/ 	`�O-! 	&� 	NO-
	)�*�!�	��	�%*(D/	1	�
�%�	)�!3 	����	�� �!�	�3}\	#6	I!�8�	E�	F% 	�
�106	1	�%>[�/	A�
�%�3O7�>	N%P"	0!	M/	)��	, �>	1	A�%��8�	A�%�1�%�

		��3-	,/	I�
�	V.%d	w+W	B(= �>	,i%$��	V#3%��%73�W	,:�!1	y��
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���� �!���
"#$%�&�"'(�����)*+�,�*���-�.��/�0� ���&�0��123��4'��"�����&�,��2-�	-�.�5�56�,�*�	�7��

	�%*(D/	)0��	, �>	1	I�-	#3:�:�	,��(��>	)��	E(%/[	R1�(�	0!	,�3O�1�O%/	)�8 	1	,*��	E 38 	&�	NO-
	�%��8�	1

	���!	)0��	, �>	E%71!	0��	�%*(D/	
�
�%�	1	�%*(D/	)0��	, �>	k�P��!	0!	,5;*T/	)���8 	&s	NO-

	,�3PO(< 	�!�38 	1 	R�%8> 	,>�+ 	�J�(< 	I�- 	��G(C� 	�:�(>!�� 	)3D7! 	�!�38 	&� 	NO-
	#�4 	!�	VI�%�	,�6W	,79:	1	VB �	|��W	,;<����	.�6	B(= �>	��	�
��(>	��	I�-	��G(C�
	.%D(� 	R�%8> 	)��	x�+ 	E� 	�P= 	(LREE) 	cP� 	R�%8> 	)��	x�+ 	)3D7! 	����	,/

��(��	,/	#�4 	,:�-	,(e	A	,*%*(D/	.�6	B(= �>	��	(HREE)

	1 	VB � 	|��W 	,;<���� 	.�6 	B(= �> 	�� 	Cu, Co, V, Ti 	�J�(< 	F>�8� 	#!F%/ 	&� 	NO-
�VI�%�	,�6W	,79:
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#!��O8�	1	�!�
��	�8*��	E7!	Z��"

	L�G !	E 38 	.
!	v;*T/	)��	aT�	0!	E
FG�	�	���!	I�-	)0��!�$	,;<����	.�6	B(= �>	0!	E>	�%*(D/	)���3;�	&	�	NO-
	#�4 	E>	��!	I�-	N%O4�	O	1	Fe	�H(<	1�	0!	�S 	��3/	E 38 	, 01	�J��	l�	0!	a%�	A�3-	,/	I�
�	E>	)�3K	#�8�	��-

	���!�	�%*(D/	E �>	p3;+	)[��	E$��	0!

	�S 	��3/	E 38 	I�%d	aT�	���!	I�-	)0��!�$	,;<����	.�6	B(= �>	0!	�%*(D/	)[��	(purity)	p3;+	E$��	��	)���3;�	&�	NO-
	F% 	 Ni, Co, V, Ti, Cr, P, S	�J�(<	�S 	0!	E 38 	.
!	���!�	�3$1	E(%/0	��	F% 	�%=;>	)�!�2/	���!	I�-	N%O4�	O	1	Fe	�H(<	1�	0!

�� !	I�-	,C�	�%*(D/	0��	��	�J�(<	.
!	�3-		,/	I�
�	E>	E 3:	#�8�	1	��!	E*��:	�!�"	,����	��3/
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���� �!���
"#$%�&�"'(�����)*+�,�*���-�.��/�0� ���&�0��123��4'��"�����&�,��2-�	-�.�5�56�,�*�	�7��

	1	�%*(D/	��(>	��	)0��	, �>	N= 	.
�(d	��	�
�%�	E �> (a	��%*(D/	��	I!�8�	�
�%�	)0��	, �>	I3i 	0!	,5;*T/	)���8 	&	l	NO-
	.%71!	��!	,C
��	����	,/	#�4 	!�	�
�%�	)0���(d	�3;P�	.%��/	)��	E5"1	A�
�%�	��	E 10	����	�3$1	���!	I�-	N%O4�	�%�1�%�
	1	�%*(D/	��(>	��	Vm�3/3�!W	NO-	�3+	�
�%� (c	1b		�Q%*=�	���-	!�	�
�$	,
�% �>	)��0��	AE%-�\	�8�	E�	1	F>�/	��	0��
	��	,D*=O-	��	�
�%�	�-� (d	���!	I�38 	��	!�	, �>	.%�	)���}�	�%�1�%�	A�
�C 	��	1	�
�%�	Mt�	�%*(D/	0��	!�*�!	A�%�1�%�

���!	I�!�	#�4 	!�	�%�1�%�	E �>	��	I�-	��G
!	,7�+	)���}�	1

	���! 	�!��3+�� 	,
[�� 	p3;+ 	E$�� 	0! 	E> 	,;<���� 	.�6 	B(= �> 	I�- 	)0��!�$ 	�
�%� 	0�� 	&�� 	NO-
	���!	I�-	N%O4�	S	1	Fe	�H(<	1�	0!	�S 	��3/	E 38 	, 01	�J��	l�	0!	a%�	�3-	,/	I�
�	E>	)�3K	#�8�
	��	Q�	E>	��!	I�-	I�!�	#�4 	�
�%�	EOP-	��	I�(>!��	Z�3J	E�	, 01	�J��	����	��	.%�9�	�H(<	F>�8�

���!	I�-	UT4/	)!	E42 	E
FG�	��	Q�	1	,8>	)��	E
FG�
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#!��O8�	1	�!�
��	�8*��	E7!	Z��"

	���!	I�-	)0��!�$	,79:	.�6	B(= �>	0!	�
�%�	)[��	p3;+	E$��	��	�3;�	&��	NO-
	N%O4�		S	1	Fe	�H(<	1�	0!	�S 	��3/	E 38 	, 01	�J��	l�	0!	a%�	�3-	,/	I�
�	E>	E 3:	#�8�
	%	����	�!�2/	E�	(Pt)	.%�9�	�H(<	�3}\	F% 	E 38 	.
!	��	�D
�	E$3�	?7�$	E*O 	���!	I�-

	���!	�
�%�	, �>	EOP-	��	, 01

	F% 	E
FG� 	.
! 	�,79: 	.�6 	B(= �> 	0! 	�
�%� 	)[�� 	p3;+ 	E$�� 	�� 	)���3;� 	&�� 	NO-
	0!	a%�	���!	�
�%�	EOP-	1	, �8*+��	?%>��	��	.%�9�	�H(<	�J��	%	���	)!3*i/	�D �4 
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