
The investigation of the chemical and structural variations of 
copper and silver sulphides by SRS (A case study of 

Mineralogical and Geochemical applications of X-ray 
absorption spectroscopy) 

Morteza Razmara
Department of geology, Ferdowsi University of Mashhad, Mashhad, Iran.

E-mail: MRAZMARA2000@yahoo.com

Abstract: The ABS2 sulphides (A=Cu, or Ag), B=As, Sb, Bi) are a naturally 
occurring group of minerals, typically found in polymetallic vein deposits. 
Behind chemically simple, the minerals have a complex structure and 
undergo several temperature/composition phase transitions. In this study, 
synchrotron radiation is used to collect Ag, As, Bi, Cu, Cd, Hg and Sb K-
edge EXAFS data from a series of synthetic sulphosalts. EXAFS are used to 
characterize and determine the local structure behavior. Analysis of the 
spectra has provided direct evidence about the coordination environment, the 
structural and electronic environments of major and minor cations within the 
substituted phases. In this study, M (metal or semimetal)-S bond distances of 
emplectite, chalcosibite, miargyrite and smithite minerals were determined 
by EXAFS and XANES methods.
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 >�?#***����� 0�***���***2#	 0�***	���***! .��***2$�@	A (�***�
�$�**��)$�� (�**� **�B# C��:��" �**� �� ,
�**!
��� �**��+�� (��**4 (�**�EXAFSK-edge

�***D� �Cu ,Bi ,Sb ,Ag ,As � Cd �***! 
��)#***��  .
���(�***� ���***	 ��***�� �***�2E�	 
    �*��� � ��D� (�����:�-        3*4 
�*! ���*��F (�*���� ��    �2*G�	 H��*D ,��  B�$�*��  I*�/  �*�

3**4J�K#%**	 ��**/ 3**4�**��� 	��**� .
�L**�  H�**2$�@	 ,�**+� �**4EXAFS**4� �**� �� 
��)#
C��:��" �**�,(��**4 ��**�2: �#;�**� � �#;�**� (�**���"	 �� �**����:�- ��**#�� � �(��**M���**!  .
 N�*******/ (���*******���&As-S ,As-Ag ,Ag-S ,Cu-Bi ,Bi-Sb ,Bi-S ,Sb-S ,Cu-S � 

As-As� B**��  �+�.�#%**"�7 ,�**+�#"�O	� ,�**+��+P���	 (�**����- � , 3**4 �+�#��**�� � >�� 
 Q=F �+��� Q� �4�:�&XAS���! ���2: .

.	��6��,7 6��:R4�:���:��" �� �,X-rayK-edge , ,�$���)$��>��EXAFS,>��
XANES.
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,���!�XP ,��� !���4�#U � ���! ,5+B���%+�
���� J���� �� ��� !��� .34 �+����: ���
�#U ,(��#;�� H��L/� C�����+�	�� ��M���+�� (��4 �� ������ (���#%�� ��  C������Y&

	�3#;�� �"��� .�+�& 37�
 �:�& Q=F �+��� Q� �4 ZX�4 
�! 3#;� ! R�& ��:�	 ���,
4 �	� 3��M+� T�$�XAS ��; A���� 34 C��:��" �� 3- 34(��+��� �3#����& ���%4 (����� 

 (� .	 �4 C��:��" �� (����4��- ,����XAS (��� � ,�+�F��� ( .� ���+����: (��#��4�E
 �+� ��� 34 �VW 	>��� 
��)#�� ��B$ ,(��� 4 TX�%	 TU ��  ��	� ���� �� ���� (����4��-

�����4 3 ��� ,��� 
��� R+�B�� 34>�� 3- (�W�XAS 5+ 34 >���4 TU �� >��� (���%4
���- (��� 4 TX�%	 ���� �� ��� !���4 � ��� !A
�! T+�.: 3#!=
 ��� . �+���->��

EXAFS��TX�%	 TU  ,(���4 C��K:H�	��4��#;�� � ,�����4 (3�� �3��! �2G�	  (��
�#;�� ���2: � �.�-�:� 7��#;�� (���� (�����- �
��<�& (��4 ,���-  C��� !���4 � C��� !

 >��� �4 ���%4���.��	 ��)#�� T+[� �+�#ZC������Y& �� �4�:0�����:��" �� ��� � :��.� :
1\]��� Z�#%
F�	 N�/ ���)#�� T4�EZ�:�&  (��X �� 3-nm01/0 �: Cm1 ���S:

�	�  -.
2\C�_	� L	�- (���:�& ��M+�  �+��
�� �4 (���	 JX�E���	 5+ �U �� C�+���� �:�& Z��.@E (��

�K�� `@� �� �@; L	�- 3-  57�- ���; 3�U�� 5+ ��) �����U2mm8/0 ( ��# 	
�	���!.
3\���+�& C��4 ���:�&c; �� ���� �+� 7 ���U ��  ���%4[�4  .
4\�O: C��4�+���4�: A�� ���": d�� 3- ��O: �� MHz1/3 �: MHz500���S:�	�  -.

���- TX�%	 �+�#��	 3- ���!�XP � ��� !���4 ,��� ! �4�4 C��:��" �� (� .	XAS
 TU T4�E� #%���+� ���E 34 ��] 1:[

1\�#;�� (��� 4 H�2$�@	 � ���	 ���4 ,�+���2:� �2G�	 ��#;�� �%-� �$�UR+ �4 (�����- 

�:�- J8� ���2: B�� � 
��<�& 9�-�:4�����:�- ��.

2\���2: ���	 ��#;�� �4J8 	�� ���%4 ��#;�� ) Tg	3��! ,��Q�=	 ���	 � ��$P(.
3\ �+��K	 �� �#U �D� � ��2E�	 h�?�: � ���2: 3��! � �����- �� i�����]2[.
4\2$�@	 A ���S: ��� (����=
�� � �T�"�: (��� +3#%�(���4 (��.
5\2$�@	 A ��4 �W@� (��� -�� �����- � Q�.
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6\ (��+� (����4��- Tg	2$�@	 A �� �����-  � ���	�����(��,[�4  B�� � �� ����4� (��� +

��j � Q�k.

H�2$�@	�$���)$��
�K� � l	 (��� m�n 34 �C��:��_  o��: ,
������ �� 
 C��:��" ��Daresbury) SRS (
�! ��M�� C�#%�������.�+�	����(EXAFS � 

XANES B�� ���:��" �� C��� �� 
��)#�� �4 �)SRS ( 5+ ��A��7 � (P��� �4 ����#"$� ��
c;���%4[�43#��
 ��M�� ��� . H�2$�@	XASK-edge �:��L/� ,����)$�� ���#;�� �

3_.!� �D� � (Bi ,Sb ,Cu ,Ag � As���� J���� �� l	 � 
�K� (�����- ��  .�+� �4 
�L�
�#;�� (����"	� �D� � ( ����)Tg	Cd � Hg (�����F�#;�� �� 
�! � � l	 (����)$��

 �� 
��)#�� �4 
�K�EXAFS32$�@	 C�"	� �#U � �! h?�	 �#;���3#;� !�� (��, �4 3- 
��.� �"�	 ���� �+��� ! N��2	 (��!��,J���� �+��
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C��#"$����
 �$��	 q+�B:���!�  H��k �+� lO�  �: �+��+P��� A.:�	 ��GeV15
��� Q�#!
�	���! . �� TD�U (�����#"$��#� (P��� (���:�& Z��#%
X �?� )eV5000–2000 ( �:

&�:� (��� R) 4�� )eV2000–1 (�	 ���S:�  -.
 ����
�� R+�B��Q=F�:�& (��XA���� 34 �� ,
��	 5+ Z�#%
�� �"7�- (P��� 0���:�&

X�� A.$Q=F
��	 C� , 3- �4�#?�����4 �� C��#"$� 5+  ��;�� ���: 34 J:����: 5+�$�; 
��� 
�����+�& T	�� ,ZXAS ���) T"!1( . J:� 3#?�����4 B�� �/���(���s (��� +, � ��	

R4�:�:�&) ���X������ (�$�: �C��#"$� � �P� )Auger(,34 �	�4 3�$�� �$�U  3- ���
 �� �� ��
��� ,� +�& Z��4�� (� �!��� (�����
�4 9�-�: � ��� 3�	 ��� � +�]3 .[ �� 3- ��� �-k T4�E

���W	Z (P��� �:�&(��X)KeV100 \5/0( 9$�j � +��� ,Q=F , ���) T"!2(]4.[
 t�B4 
���+�	�� ��   Daresbury]. 	 �:�& C��:��" �� )SRS(���M	 , A �� ���8�3�

Q�#! 
� ����� .Q�#! 5+� �� Z�@;34 �� �����#"$�
�  - �+�K: 5+ )booster (
�	 C��:��" ���#��� .�M +� �� ���U (P��� �4 C��:��" �� �� C�! p��; �� T.E �����#"$�

MeV600K�U �� lO� � 
�! 
���4�#! A 
��;k )storage ring ( (P��� �4GeV2q+�B: 
�	���! .�����#"$� q+�B:34K�U A34 
��;k 3	��� 3#���& 3K�E� �+� 7 H�	 �	 3" +� �: �4�+

 ���+�F �� ���UmA300��M+���!  .K�U �� �����#"$� (P��� A�4 
��;k C���	 R+�B��
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 ��� N�/ ���:�& �+� �� ���U20�: 30 ���� ��� . �#�- �!=
 �� l& � 9�:�: �+� 34 ��
���� 5+,��� 
��	� C��4�- Z��)#�� (��4 �:�&.C��:��" �� H��D 34 3��.! (��� T4�E


��)#����� .

 <433�1����**��(��� ��**�U�� �� R -��**O": �** +AEXAFS�� B**�� � ��** + ��**2#	 (���** -��&� �
�U�� AXANES]2[.

Archive of SID

www.SID.ir



��� ��� 112

 <4�2�:�& Q=F Q� �4X: 5+ �T"�� 5$ �� ���Ni-K- edge]4[.

��&2 ��;��$� =
� ��M� R+�	��XAS���� C��:��" �� �� � 	 �+� T	��� ���:

1\A��7C��:��" �� ��4�: )SRS(.
2\3K�U  (��
��;k.
3\��)":(��� � R4�:��:��" �� �� 
��)#�� �4��(���4� �� 
���; .
4\
����� (��
 C�B�	Q=F . ,3 �	� �+� �� T�%
��: >�� ��3�������+ ���	 �V � ���K	 3n 

 �!�4 3F�: T4�E �8�) �� R�42 %����(��� 
��)#�� T4�E . �$�  ���	 ��3����+�� ���K	 3n 1
 ���	 �V ��8� �#�- ��2 %�����!�4 �+�4 �j >�� ����- 
��)#�� �+�4 J�K#%	 �.

5\ (��)�/ B�$��� EXAFS.
��� B�$���  ����2	w[34  ��M�� �+� x�! 34 ������#�� �:��D 
�	��!:

1( H����S: `�WV:Q� �4y �) �M %��(,
2(3 �	� z=U,
3(,>��M �4
4((��#	L� ���+��EXAFS) T"!3(,
5( ���K	 (���E�4E0,
6(�.:+��� T+ 3) T"!3(,
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7(	 �+�#�- >���4H�24� ��� 3- J�����+, � ��:� o��#	 3�D��9+�GDebye 
Waller4 ��  3�	 ������ .

 <4�3 �+��� TU��	����4 I�/ 5+ Ag K-edge EXAFS.

34 3#%4(P���  C�:�� �:�&X���#"$� ����& (P��� � 
�! 
��4�:����	 �� Z,
�  - Q=F 
 �� �V � 5+ Q=F I�/ A.$ �"+�B�Q=F34 � �U�� �A�	 J�%K: ��D� !��:

1\ �:�& Q=F XR?4 �� T	�! ��; 3- ,Q=F A.$ �"+�B� ��  ��� �+� ) T"!2(:I$� (
�4 R?4 (P����&�+� 34 3- R�&3.$��� z��2	� +[ 34 C��#"$� N�K#�� �4 A�$�;  h?�	

�	!��.Q ( 3- o��#	 (P��� �4 R?4 (��4���! �2G�	 ����4 ���"	 C��K: ,���4 ����2:
+�%-� �$�UR���	 �	 ���E 
��)#�����
.

2\ �:�& Q=FXQ=F A.$ (����	 �� , �:�& Q=F B+� ��#;�� 3- X�	 ��M+� �� � -. ���U �� 
C��#"$��D � 7 (�24 �$�Q=F R��- �	+��4�  R4�: 9F�	 I�/ (��EXAFS�	 ��!

)T"!2.(

� ���"
#$�%����'� ���% $" )�

�
*' >��'�$�,#� �.��-���
 �%?� ,3	��� ������4��-(�	 ����4 R��Y& �+� �� C��:��"�� �;�4 lO� ,���!

� 0����4��n+� ���1��n ���� �� C��:��_ 1�� !���4 � 1�� ! � ���; ���2	 �!.
1(��
	 ?�# <@	�A ?���
 :>��XAS��!�� �4 3%+�K	 �� ��+� (,�+�#.�� 	  �� >�� 


������:� H�V#?	 (��
 � � ��:� ��4 TD������) N��F1.( >��XANES B��  C�"	�
 ����4 ��4 (�+���&������ �� �� J���� Q��@	 o+��!�	���� . ,�G�U q�KW: ��N�/o��#	
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��&(����Cu-Bi ,Bi-Sb ,Sb-S ,Cu-S ,As-S ,As-Ag ,Ag-S � As-As(�����- �� 
�+�.�#%"�7 ,�+�#"�O	� ,�+��+P���	,�� �+�#���� � l	 � 
�K� (��#$���)$��  �� 
��)#�� �4 

XAS�2:  �� TD�U y+�#� 3- �! �� N��F2 3X����!
���.

 C��D1��:� H�V#?	 X ,Y,Z � (���#	���&+�	�
 ������%��) B ((�����-��) I$� ( � �+�#"�O	�
)Q ( �� TD�U �+�.�#%"�7(������4EXAFS.) 1 : ,�G�U q�KW: y+�#�2 :3#��
�4 y+�#�]F�	 �� 

]7[ ,3 : ]F�	 �� 3#��
�4 y+�#�]8[.(
E�	

X
1 2

Y
1 2

Z
1 2

B (Å)2

1 2
Cu
Bi
S1 
S2 

)2(746/0
)4(2318/0

)2(647/0
)2(129/0

)4(7509/0
)1(23156/0
)6(6362/0
)6(1258/0

75/0
25/0
25/0
75/0

4/3
4/1
4/1
4/3

)5(1721/0
)2(0638/0

)1(102/0
)1(182/0

)2(1719/0
)4(06304/1
)2(0980/0
)2(1777/0

)2(9/0
5/0
0/1
0/1

29/2
64/1
61/1
66/1

F
X

1 3
Y

1 3
Z

1 3
B (Å)2

1 3
Cu
Sb
S1 
S2 

)6(7463/0
)2(2245/0

)1(624/0
)1(131/0

75000/0
023800
625000/0
12500/0

75/0
25/0
25/0
75/0

75000/0
25000/0
25000/0
25000/0

)2(1721/0
)1(0636/0
)4(0960/0
)5(1787/0

17500/0
06250/0
09700/0
17500/0

)9(20/2
5/0
0/1
0/1

\\\
\\\
\\\
\\\

This work: CuBiS2 : RI =14.9; Rwp = 20.2; Rexp.=8.0
CuSbS2 :  RI=26.8; Rwp = 23.5; Rexp.=11.5

 C��33D2�#;�**� (�**��#	���&�,�**+�#"�O	� ,�**+��+P���	 (�**����- �� ( �+�#��**�� � �+�.�#%**"�7
 �� TD�U(������4EXAFS.

Phase Atom bonds R (Å) C.N. D.W. (Å)2

ß - miargyrite Ag-S 
Sb-S 

55/2
40/2

6
6

041/0
+

α-miargyrite Ag(1)-S(3) 47/2 3 056/0
Emplectite Bi-S 

Cu-Bi
Cu-S 

S(1)-Cu-S(1) 
S(1)-Cu-S(2) 
S(2)-Cu-S(2) 
Cu-S(1)-Cu
Cu-S(2)-Cu

59/2
)8(429/3

300/2
)6(6/117
)4(0/107
)6(2/105
)6(6/117
)7(2/112

4
4
4
4
4
4
4
4

019/0
+
+
+
+
+
+
+

Chalcostibite Cu-S 
Cu-Sb

Sb-S(1) 
S(1)-Cu-S(1) 
S(1)-Cu-S(2) 

29/2
)3(422/3
)6(451/2
)2(1/110
)1(7/109

4
4
4
4
4
4
4
4

014/0
+
+
+
+
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S(2)-Cu-S(2) 
Cu-S(1)-Cu
Cu-S(2)-Cu

)3(4/105
)3(1/110
)5(2/110

+
+
+

Smithite Ag-As
As-S 

As-As

58/3
29/2
53/3

2
2
2

019/0
006/0
015/0

2 ( "�H ?���
I�	$2��:(�����
� ���	����z��/� �� �������$ ���2: ���	 �� J:� 5+) ���
J�����+ (�	 �� C��:34 �� J�K#%	 ��/  (������4EXAFS)  N��F2 (� �� J�K#%	��j ��/ 34

 (��)�/XANES4  3� ������]5 .[ 3- ����� C��� ������4 	��A����� ��(EXAFS4 3
��$ ���2:� (����
� -��& l&��� 3#%4�� .���(��J�����+�� (���2: � +� �� ��#$���)$�� 

 N��F2
�! 3X��� ���.
3(?���
 J	��=K���4� :&���R<p��; � 2	 34 ���"	 C��K: ��C�! ���
 �� � {�K� 

|��)	 �2G�	���  . H�B�� ��3@��� TW	 �� C��K: B-�	 ��F� ��� �+ ��F� ,J���� �+)4 3
� 3- �#E� 
Y+���	(������#"$� d �$�; #%�� ( ,}:s� (��+� ��4H�!  Q=F �� T.E 0��)��

 (��)�/XANES (���� .�	�� �!�4 C��K: B-�	 �E�� {�K� 
��
 3- : �+� ,�}34 ��s T�$�
 {L#;� N��#U����	 (��d-p���  34 3n  (��+XANES34 ?�: T4�E 14�; � h���.

4 (����� ?���
$���7 �# ��L �;��M�� �$�@ : 34 >�� >��& �:�&X��� C��: (���
��#;����- ���2: �� �����:�- �� 5+ �� �K�KU �2G�	 . �	� �4EXAFS �+�V: �4 �� (�#

z��/� �� �K�KU �2G�	 ��#;�� 5+ oK� 3- �+�����:�-]G�	(�������4�	 N�S!� ��  �  -
4 3�	 ����+�.�+� �4 
�L�,(������4 ��EXAFS�	 �: C���
�:�- J8�  ��4,�! 
�
� 3- 

 34 ���E �$��2	 >��&���
� C� AX������%�� ) (���"!4 ,5 �6.(

 <4�4 3�E Ag-S  3+��� HL+�.:34 {�4�	 I�/ B�$��� Ag K-edge EXAFS.
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 <433�5 ��#;�**���F���**�7**��� (�**�3**�>�**
3**4  H����**	 )001 (��2CuBiS3**-
�4EXAFS�� 
�!B# � �+�#"�O	� ���- �� ºC3104  3
�	� ������.

 <433�6 ��#;�**� ��F���**�7��**�  (�**�3**�>�**
3**4  H����**	 )010 (��2CuSbS3**- �**4
EXAFS �� 
�!B# � �+�.�#%"�7 ���- �� ºC 4504  3
�	� ������.

5 (�&	��	�# I���N� 6
�O��P�:9+�G �� 
��)#�� �4Debye-Waller �� �4���(��
EXAFS�	�: C��4 ���� ��� 34 J�K#%	 ��/ 34 �� 
��	 5+ �2G�	 (����8�) N��F2 .(

 �+�T��q+�/ ������	 Z |�� 3�E 34 3#%4�� 3- (�5++[A������+ �� ~�; �.:+��� T+3
 ���4 3���	 ��+� .3�E�+�� (���:C���� ��Z]��� Z�#%
(�:� ���2! TD��� ��  �� 
3M�#��4��8��#��4 �� .

6 ($��9� 6�;�
	 Q�R:
:Q� �4 (��!�� �4 3%+�K	 ��,��+� �+����+����: ����4  (��
EXAFS C���� J���� ��  ��- (�����
����M	 (���:� ��J�K#%	 ��/ 34 ,�VW 	 ��� 34 

 ���) N��F2.(� �� + �����42: ���#_�O	� ��#;�� �+ ��4 0��!�� XAS, �� 3n ��� C��� 
#� 0����>001 <� ��#;��+ 1��n ���F� ���70��4CuS3!�
 ��34 ��+ ��+�_3#%4


�! � ���A"+ A#;�+ C� 2×2×1 ���) T_!7.(
7 (����J "$�� $" ��HST	:�42$�@	  A (��)�/XANES������� � �����:�- , ����#"$� ��#;��

 ��#$���)$�� � ����)$��T4�E��� �!���4 .�� ���
�����&��34 B��  J�K#%	��j ��/  ���
 q+�/
����� (��+��
EXAFS4  3 ����	�+�.
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 <433�7 (����#**� orth.>001 <�#;�**� ���  C� �� 3**- �**+�#"�O	� ��F���**�7 (�**�4Cu� �
3!�
   3*4 �*�    ��+�*"+  3#%*4  
�*!  �*��. 
�*+�� *� 
��*� (� :  (�*��:�S, 
�*+�� (�*� (�#%*-�; :  (�*��:�

Bi,��F����7 �� :U�� (���4Cu,3"+ A#;�+3×1×2.
8 (D$" ?���
U�# ��P�:
������4 J�K#%	 (��
(����8�
��	 5+ �� �2G�	, ���K	 �� 

9+�GDebye-Waller���W: �4 (�� EXAFSC�"	���� �+=& .3- ��� 
�! ���2	 |��  ��
 3�E {�.:�� �� �4
Y+� �+����� (���3+��� T+�.: 4  3�	 ����+�  .

9 (�
����
�7 IP� ?�;���7 $" "
#: �� �"+ Q� �4 J�	 (���+���- �+���EXAFS� ��4��- C ��
�+���:� ����� h�?�: �� 3- ����� -3#��
 ���E ��+�"+ ���3- �����4 ( �� ��- Z�#%
 J8� 

��4 
�:�-)SRO (C�	���&	 �� �4�?#�� �V � 5+ W �	�F (��$��4 �� 3�	 ������ .���

� (��:��): ��4 (��+(������#�� �� TD�U XRD
��� �  (��EXAFS���	 ��  N�/����& � 

 ����+��������� ��F� ~�; 
��	 �+ ��� 5+ ,��+� �� XASoK� �#;��� J8� �+ ���M	 (���:� 
��.��:�-)SRO (�	 ��� 34 ,�+����:��D- 3XRD�����7�#;��  � ��Z�#%
J8� 
 ��4��� ��C����	���]6 .[

Archive of SID

www.SID.ir



��� ��� 118

10 (�:�� 6
V'H 6$	"
#W&	"
JX�$ �#�#YD  :� 
��)#�� �4(���:�& �X ,C��:��" �� �� 
�+��V: ��M+� C�"	��	 J���� ��!. ��  ,�G�U q�KW:�W� �� (�+��V:Z �D� � R -��& Sb � 

Ag4 ��#$���)$�� ��  3�	� ��� .

11 (
8�" 6��"
#$�7)�

�
4'��  :
11+1(����� U����� $�:�� �,�� 6���
�4:3��! �#;�� J8� ���(�� (B�7��Z�#%
 � 7 

 C���� � C��:�- 5+ z��/� �� ���#%������ ���4 3-XAS T4�E �4�; 34��� ����4.
11+2( U������
�4�,�� F	Y� "	��:2$�@	 A ���	 (��#;�� C��4�:�"����  A �.�-�: � 7 oK�
34	 ���W	 >�� � 7 ��� �"��4 �� �"+ 3- #�� ���� �+�>XAS ���)wLg	2$�@	 ,A

�+����� 3�� �+2Fe ��  (�����4�.�-�: �4 3:�"���� (��8O3FeSi2Na�8O3FeSi2K ��
�+���	��: K1200 �� �c;[�4 .(

11+3 (�����U"	�� �'�" <�*:
 Z ?��&$"��" <#�[ 6��$�:A � ����N����O 6��$�:A �# U
?��&.��  3��F�	 34 C��: >��& C�_	��&�:X�� �:[�4 (������ �� GPa 500 �  (���	�
���UK300, B�� � (������4I�/  �� R�4 �+������ �� �M �GPa 300 � (�	�K 4

��- 
��!�.
11+4(='
 ��$
#+=�
7 &	 =�# 6��$�:A $" GPa 500 X�� � �"���"��L 6 ºC 6000.
11+5(]�[" ��
# $	"��� �# ��&�AXRD $" GPa 200 � "�
 6����$" "��LºC 6000.

11+6(����� )�*�	 U �# ��$�,# ^
 XRD &	 =�# 6��$�:A �
  GPa 200.
11+7(����� U � �;���% _	�� $	YO�;�2 $" &�A .
11+8()�*�	 `$X# ����O��
�	 �# .a�# 6.
11+9(�# 6$	"
# 
��V
 �

J ^�% X�# 
�	.a�# 6.
11+10( =���&2 )�*�	 W	
J �

J X$"��	& �� 6�b5�7 $��N#.
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#
 C��:��" �� �+�F (���%�    ��M+� ���4�E 3n+P��� �+� 7 �� R�4 �: �+��GeV ����� ��:}�s �

 N�W: �� ����!�������- ��� ! � ��� !���43#!���!�� � ���; �  .(�����Y& >�#%

���- �� (��� 4��� ! �  ��� !���4T	�": 34(���%� �� �+�F C��:��" ����� ��#%4 3- 

(����4��- �� � +�� (��#D�����- �� C��:��" ������ ����; J���� �� ��� !���4 � ��� ! .
4 C�"	� 3��� C����(�����
� � q�E� 3���+�+� 7 �+��� ! 9F�	 ,C��:��" �� ��  N��W	
 �+�F)��#"�O	� � ��.�#%"�7 ��4 �	�F N��W	 Tg	 (���2	 B�� ���� � 7 �+�F ) Tg	

�+��+P���	�	�
 ( �+� ��R��Y&��� 
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�

Archive of SID

www.SID.ir



 � 
�K� (����)$�� ����#;�� � H����S: A2$�@	 ...119

[1] Brown G.E., Calas G., Waychunas G.A., Petia J., X-ray absorption 
spectroscopy and its application in mineralogy and geochemistry, Reviews 
in Mineralogy (Min. Soc. Am.), 18 (1988) pp. 431-512.
[2] Calas G., Brown G.E., Waychunas G.A., Petia J., X-ray absorption 
spectroscopic studies of silicate glasses and minerals, Phys. Chem. Minerals 
15 (1987) pp. 19-29. 
[3] Charnock J.M., Garner C.G., Pattrick R.A.D., Vaughan D.G., 
Investigation into the nature of copper and silver sites in argentian 
tetrahedrites using EXAFS srectroscopy, Phys. and Chemistry of Minerals, 
15 (1988) pp. 296-299. 
[4] Manceau A., Calas G., Nickel-bearing clay minerals. 2. Intracrystalline 
distribution of nickel: an x-ray absorption study, Clay Minerals 21 (1986) 
pp. 341-360.
[5] Razmara M.F., Henderson C.M.B., Pattrick R.A.D., The crystal 
chemistry of the solid solution series between chalcostibite and emplectite, 
Mineralogical Magazine, 61 (1997) pp. 79-81.
[6] Razmara, M.F., The chemistry, structure and solid solution of Ag(Sb, 
As,Bi)S2 and the effect of Cd, Hg and Zn substitution into Ag (Sb, As, Bi)S2, 
PhD thesis, The University of Manchester (1997).
[7] Hofmann W., Strukturelle und morphologische zusammenhange bei 
erzen vom formeltyp ABC2. I. Die struktur von wolfsbergit CuSbS2 and 
Emplektit CuBiS2. Under Beziehungen zuder struktur von Antimonit Sb2S3, 
Z. Krist. 84 (1932) pp. 177-203.
[8] Porthine J.C., Nowacki W., Refinement of the crystal structure of 
emplectite CuBiS2, Z. Krist. 141 (1975) pp. 387-402.

Archive of SID

www.SID.ir


