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1 Isometric logratio(ilr) 
2 Factor analysis 
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3 Cluster analysis 
4 Ward method 
5 Pearson r 

4 



��������	 ���� 
�� �
������ ����� ����15����� � 29  ��!��" � ��#� �1400  

 

 

As�  Cd� Sb >##�: �� )%��= 4 .(�>(��;
�; ]_�
�� 

��#	��
 ��O ��#N�� �X� �� kU5 ]X;�
 )5 (C	� 

)%��=5  .(  

 
 ,- = −2/25,1 + 2/5434 + 0/2056 + 0/1889 

  

I�+T 1 .�U)4 ���Q ��/�
�� ��!���  /����	 )G�6� �U��( �� ppm � )* �� ppb(  

��S��  ��E����  �����       J8/+V  �W�/+V  
X/�7�/ 

���,�  
�E@�C          �2+�F�    

Ag 
 

79/1 26/0 20/0 50/8 88/2 61/1 93/0 

Al 
 

40055 36104 657 95222 29863 26/0 37/1 - 

As 
 

2291 729        29 10975 2938 68/1 15/2 

Ba 
 

435 333 13 1109 345 01/1 20/0 - 

Be 
 

91/0 70/0 15/0 30/2 63/0 69/0 79/0 - 

Bi 
 

38/0 38/0 38/0 40/0 00/0 00/0 00/0 

Ca 
 

93077 83076 2552 255640 74959 39/0 11/0 - 

Cd 
 

54/76 15/23 70/0 366 16/98 66/1 10/2 

Ce 
 

94/36 00/32 00/5 110 02/25 54/0 74/0 - 

Co 
 

66/10 10 75/0 33 57/7 55/0 27/0 - 

Cr 
 

83 76 7 247 55 23/1 95/1 

Cu 
 

36 28 75/0 89 29 80/0 67/0 - 

Fe 
 

25820 23103 2559 73521 14287 35/0 35/0 - 

K 
 

14642 15130 263 33245 10507 18/0 35/1 - 

La 
 

19 16 2 63 13 61/0 41/0 - 

Li 
 

24 19 75/0 75 20 84/0 33/0 - 

Mg 
 

11397 5301 222 33759 11719 86/0 88/0 - 

Mn 
 

631 625 24 2094 485 44/0 68/0 - 

Mo 
 

97/0 96/0 80/0 30/1 10/0 08/1 74/1 

Na 
 

2604 2144 182 6301 1894 94/0 20/0 - 

Ni 
 

53 45 6 187 42 52/1 31/2 

P 
 

379 363 72 1103 235 42/0 63/0 - 

Pb 
 

664 79 7 2675 975 29/1 01/0 

S 
 

2282 1540 56 7877 2318 28/1 70/0 

Sb 
 

56 11 95/0 207 77 21/1 23/0 - 

Sc 
 

7 6 37/0 17 5 30/0 35/1 - 

Sr 
 

6 6 3 15 3 50/1 99/1 

Th 
 

12 11 90/4 37 80/6 00/2 96/3 

Ti 
 

5823 4023 32 7633 1779 40/0 67/0 - 

U 
 

03/0 05/3 80/1 20/4 48/0 15/0 - 09/0 - 

V 
 

65 59 5 167 48 47/0 12/1 - 

Y 
 

11 11 2 24 6 37/0 69/0 - 

Yb 
 

41/1 40/1 30/0 70/2 55/0 02/0 - 42/0 - 

Zn 
 

820 318 75/0 4100 1109 73/1 17/2 

Zr 
 

12 6 75/3 62 13 93/1 06/3 

Au 
 

121 36 4 1458 220 52/3 28/15 

)5( 
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J.� 2 .�/���� �6'
/  
/�� ���," �/+," J��(�� �� ��!���  /����	  

  

I�+T 2 . /Y�� Z����/� J��(
�� �� ;�� �+�Q 	/ J�67" �6��( �� ��!���  /����	  

 

  

  

 

 

 

 

  
 

  
J.� 3 .���," B/��/ ���4�� �� J�67" ���4
/ 
�� ��/�
�� ��!���  /����	  

 

 
                       0�� [/�\��/ ����A� ]^�� G1@�� �6U/ 

Z����/� �,�_"%  Z����/�%  �/+A� �^�� �,�_"  �/+A� �^��  J��(  

02/39 02/39 65/13 65/13 1  

60/67 58/28 66/23 10 2 

82/75 21/8 53/26 87/2 3 

44/80 62/4 15/28 61/1 4 

67/83 22/3 28/29 12/1 5 
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         I�+T 3 .��� �6��( ����S�� �� J�67" 6��(� 

��� �6��( �� 0�� G1@�� �6U/    

J��(5  J��(4  J��(3  J��(2  J��(1  ��S��  

23/0 22/0- 20/0 78/0 39/0-  Ag  

12/0 01/0- 08/0 01/0- 96/0  Al 

01/0 02/0 05/0- 92/0 21/0-  As 

67/0 05/0- 08/0 57/0 26/0  Ba 

41/0 14/0 20/0 16/0- 81/0  Be 

40/0- 01/0 79/0 09/0- 30/0-  Ca 

02/0- 02/0 05/0- 92/0 21/0-  Cd 

06/0 01/0 05/0- 20/0- 95/0  Ce 

16/0 33/0 08/0- 16/0 84/0  Co 

25/0 18/0 35/0 28/0 66/0  Cr 

50/0 12/0- 13/0 65/0 35/0  Cu 

24/0 07/0 18/0 08/0 87/0  Fe 

05/0 04/0- 08/0 02/0 95/0  K 

06/0 01/0 02/0- 16/0- 95/0  La 

44/0 11/0- 45/0 58/0 32/0  Li 

31/0- 33/0 31/0- 71/0- 06/0  Mg 

05/0 29/0 32/0- 36/0- 69/0  Mn 

11/0 01/0- 31/0 44/0 01/0-  Mo 

73/0 04/0- 12/0 51/0 26/0  Na 

34/0 76/0 07/0 10/0 42/0  Ni 

12/0 13/0- 08/0- 12/0- 93/0  P 

22/0 18/0- 05/0 87/0 17/0-  Pb 

38/0 66/0- 09/0 23/0 30/0  S 

05/0 17/0- 01/0- 93/0 08/0-  Sb 

04/0 01/0 09/0- 18/0- 96/0  Sc 

09/0 01/0 42/0- 45/0 22/0-  Sr 

87/0 12/0 17/0 28/0 12/0  Th 

05/0 12/0- 10/0 15/0 94/0  Ti 

06/0- 01/0 68/0- 07/0- 44/0  U 

11/0 03/0- 11/0 04/0- 97/0  V 

01/0- 05/0 41/0- 17/0- 83/0  Y 

19/0- 05/0 55/0- 29/0- 70/0  Yb 

15/0 27/0 09/0 83/0 15/0  Zn 

37/0- 12/0 19/0- 43/0 54/0  Zr 

20/0 21/0 01/0 79/0 17/0-  Au 

 
 

I�+T4. Z��"�� �E�!d�� 
����S��  Au� Zn� As� Cd �Sb      

As Cd Sb Zn Au ��S��  

        00/1  As 

      00/1  00/1  Cd 

    00/1  87/0  86/0  Sb 

  00/1  72/0  68/0  68/0  Zn 

00/1  71/0  75/0  75/0  74/0  Au   
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I�+T 5. 
�����/��' �"�d��7�  ����2� ���2+�C �34 �� ��  Q Au ��S�� �!�/�� ;�/.  

  17/48) =103,4 (F R² = 64/0  R = 80/0  

 B )103 (t p-value 

Intercept 00/0  00/0  00/1  

As 25/2 -  21/1 -  23/0  

Cd 54/2  38/1  17/0  

Sb 20/0  04/2  04/0  

Zn 18/0  48/3  00/0  

  
 

Z(�[ � �'U0+ )R( 
� ��#	��
 ��
���O 80/0� 

Z(�[ >##�: )R
2 (�;��; 64/0 ����
; �� �
!�o��+� 

� �'U0+ *�< >#; Au � Zn� As� Cd �Sb C	� )%��= 

5 .(C�= �#(�: �_�
�� 
� ���8� �!#S ��� F �:
U	
Q� 

�#;�: 8� F ����Q; ��
; �
�� %�U< C	� .
� ���8� t 

C���#�	� b#� A+ ��� t �:
U	
Q� �#;8��: 05/0 ���
; 

���8� 6;
< %�U< C	� .8� �S�5 
� �

�� \X	 %
0�7�1 

��� p-value �; �1� @(�b� ���
; � �'U0+ *�< >#; 

�#N�� ��';�� � 6/�'� �
!� ���+� .���8� �!#S 

�:
U	
Q� �;��; 
; 17/48 ���; 
� �:
�� �� F ����Q; 


; *
X� �
0�-� 05/0 �;��; 
; 24/2 ��
7 8� ���8� 

�:
U	
Q� �#;�: 8� 
��/� ����Q; �C	� �{_ ��S �1� 

�
 � ]_�
�� Au � 
�-�� Zn� As�  Cd� Sb 6;
< %�U< 

C	� .C�= CQ� @(�+ 8� *
+�#N�� Zn� As�  Cd� Sb 


� ���8� t C���#�	� *��; As 
; 21/1� *��;  Zn
; 48/3� 

*��; Cd 
; 38/1� *��; Sb 
; 04/2 � ]'(
/� �� 
; 
��/� 

����Q; �;��;50/0 )
; \X	 �
0�-� 05/0 (��(�; C	�  t 

�:
U	
Q� �#;�: 8�t  ;����Q ����; �{_ � �'U0+ *�< 

>#; Au 
; @(�+ 8� *
+�#N�� Zn� As�  Cd� Sb ��=� 

�
�� .
� �

�� \X	 %
0�7� *��; As )23/0(� Cd 

)17/0(� Sb )04/0 (�Zn  )�1� (b#� Au � �'U0+ *�< 


; Zn � Sb CU'� �; As � Cd �
!� ��� .
; �=�: �; 

w(�:
� � �'U0+Ag  
; As� Cd� Zn�Pb  �Sb  ��(�; 

C	� Ag �; ����- �#N�� ��';�� 
��: 
; *
+�#N�� 6/�'� 

As� Cd�Pb  �Sb  � �'U0+ �
!� ��� )%��= 6 .(�_�
�� 

��#	��
 �� kU5 ]X;�
 )6 (C	� )%��= 7.(  
 

Ag=-0.01+0.66 As – 0.39Cd +0.46 Pb – 0.09 Sb 
  

�
 ��#	��
 ��#N����O �X� Z(�[ � �'U0+ )R (Ag 


; As� Cd � Pb � Sb 89/0� Z(�[ >##�: )R
2( 79/0 

��
7 8� � �'U0+ *�< >#; ��
+ C	� .C�= CQ� 

                                                
1 p-value 

]X;�
 )6 (
; ]'(
/� ���8� �!#S �:
U	
Q� �;��; 
; 81 � 


; 
��/� ����Q; 28/2 )
� \X	 �
0�-� 05/0 (��(�; 

C	� 
��/� �:
U	
Q� �#;�: 8� 
��/� ����Q; �C	� �{_ 

��S �1� �
 � >#; Ag � As� Cd�Pb   �Sb �_�
�� 
��<�; 

C	� .C�= >##�: CQ� �+ �#N�� 
� �_�
�� ���#	��
 

t C���#�	� *��; As 
; 51/0� *��; Pb 
; 70/5� *��; Sb 


; 11/1� ]'(
/� �� 
; 
��/� ����Q; 50/0 )\X	 �
0�-� 

05/0 (��(�; C	� t �:
U	
Q� �#;�: 8�  t����Q; ���; 

�{_ �_�
�� 
; ��=� As� Cd�Pb  �Sb 
��<�; C	� .
�� 

���8� t C���#�	� *��; Cd 
; 29/0 �
!� ��� �� >(� 


��/� 8� t ����Q; ��0� ���; �{_ Cd 8� �_�
�� ){7 

�(��� .
� �

�� \X	 %
0�7� �� *��; As )61/0(� Cd 

)76/0(� Sb )26/0 (�Pb  �1� �C	� ��(�; C	� 
��: 

Pb 
� �_�
�� �<
; ��
� .
�� 
� ]'(
/� ��8���
+ ���8� t 

C���#�	� �; �

�� \X	 %
0�7� C#Q=
� �
�� )�0(�< � 

��0< 1395.( 
� �	
�; y;��
 >#; 
+�#N�� ��(�; C	� 

>(� �X;�
 �!#0+ �X� �C'#� >#; �#N�� 6/�'� � 

�#N�� ��';�� y;��
 9D�K� �X��#E b#� 
��<�; C	� .

34(�U: X²� X³� X⁴� X⁵� SQR(x)� Ln(x)� Log(x)�  e ͯ� 

10�� 
�
� C�= �X��#E Au�Ag  
; *
+�#N�� As� Cd� 

Zn�Pb  �Sb  �
�� �	
�; 
��< CS�� .C�= �c�
� ]_�
�� 

�X��#E *
+�#N�� ��';�� Au�Ag  �; 3
�� ��
���= 
; 

@(�+ 8� *
+�#N�� 6/�'� 
; �+10 6(�U: �X��#E �� 

�; �� �; 3
�� ² X
; X³� X² 
; X
4� X² 
; X

5� X² 
; SQR(x)� 

X² 
; Ln(x)� X² 
; Log(x)� X² 
; e ͯ�X²  
; 10�� X² 
; ��� 
X³ 
; X

4 � ��#E � �'U0+ 
��<�; �(��� .*��; ]#D� 

3Y�
�� ��X��#E Z(�[ �� �'U0+ ���8� ��!#S 

���8� t C���#�	� � �

�� \X	 %
0�7� >##�: � 
��: 

�:Y�
�� �� �#;>(�: Z(�[ � �'U0+ >#; �#N�� 

';���� � 6/�'� �
 ������� .
K��� ���� )%���= 8 �9 .(  

)6( 
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I�+T 6 .Z��"�� �E�!d�� Ag  �� As�Cd � Pb�Zn �Sb  �� ��!���  /����	  

��S�� Ag As Cd Mg Pb Sb 

Ag 00/1      

As 76/0 00/1     

Cd 76/0 00/1 00/1    

Mg 77/0 - 62/0- 62/0- 00/1   

Pb 87/0 78/0 78/0 79/0 - 00/1 
 

Sb 79/0 86/0 87/0 72/0 - 88/0 00/1 

  
I�+T 7 .
�����/��' �"�d��7�  ����2� ���2+�C �34 �� ��  Q Ag ��S�� ��!�/� ;�/.  

  81 ) =102,5 (F 79/0R² =   89/0R =   

 b )102 (t p-value 

Intercept 01/0 -  14/0 -  89/0  

As 66/0  51/0  62/0  

Cd 39/0 -  29/0 -  77/0  

Pb  46/0  70/5  00/0  

Sb 09/0 -  11/1 -  27/0  

 

I�+T 8 .ef��,� �34��5 R"]��S�� Au �� �U��( As� Cd �Sb  �� ��!���  /����	  

��S��  B�� �@��,�  b α  R  R
2  )106,1 (F  )106(T P-value 

As `;
:�(
0�  70/0 -  43/0  63/0  40/0  72  47/8 0  

Cd  `;
:�(
0�  70/0 -  43/0  64/0  41/0  75  64/8  0  

Sb  �_�
�� ��=
 T�	  01/0  16/0  67/0  45/0  87  34/9  0  

 

I�+T 9. ef��,� �34��5 R" ���S�� Ag �� �U��(  As� Cd�Sb  � Pb �� ��!���  /����	  

�g�(  B�� �@��,�  b α  R  R
2  )106,1 (F  )106(T P-value 

As `;
:�(
0�  80/0 -  50/0  77/0  66/0  164  81/12 0  

Cd  `;
:�(
0�  81/0 -  49/0  78/0  61/0  172  10/13  0  

Sb  `;
:�(
0�  79/0 -  36/0  89/0  79/0  409  22/20  0  

Pb  `;
:�(
0�  77/0 -  33/0  93/0  87/0  759  54/27  0  

 
>(� �	
�; �
!� ��� �� *��; �#,��#; Au ��
�- As� 

Cd �Sb  � *��; �#,��#; Ag ��
�- As� Cd� Pb   �Sb 

Z	
�� ���'+ .3Y�
�� �X��#E Au � Ag kU5 y;��
 

)7 (� )8 (C	� .  
  ,- = −0/32 + 6/08�<= − 5/96�?* + 0/0956	 

@ = 0/73						@� = 0/54						C(3,104) = 41 
 

,E = −0/83 − 2/23�?* + 2/27�<= +
0/22�FG + 0/09�*G@ = 0/95								@� =
0/90							C(5,106) = 196 

  

C�= CQ� %��*
+ ��#	��
 X��#E� 8� �

�� 


�{f� ># �
#� `;�� 
X� )RMSE (��
1�	� �� 

)]X;�
9 .(�

�� 
�{f� ># �
#� `;�� �B
X �B�(�
/ 

�#,��#; ��� � �(�
/� �8����*�#� ��� �
 
; � (� ( 

�'(
/� ����� �� 
� >(���; C_
7 
��/� �� �;��; �1� 

C	� )�����b( 1397 .(�; 
�?�� �	
�; CQ� �%�� 

����
+ �
 �; 3
�� �� �-�0f� M8��� � �(
�8� A#'/: 

� 
��/� *
X� RMSE �U	
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Abstract 
This paper show the importance of trace elements in the estimation of Au and Ag. To predict Au and 

Ag, the selection of finder elements was performed using multivariate statistical analysis of factor 

analysis and cluster analysis and linear and nonlinear regression models. In this research, it were 

studied 35 elements in 108 samples using statistical software Statistica 10, for forecasting and 

estimating the best finder elements for Au and Ag. Data were controlled based on statistical methods 

including identifying out-of-order elements, normalization and data standardized. Based on factor 

analysis and cluster analysis, the elements of the same group with Au and Ag include, Pb, Sb, As, Cd, 

and Zn, which can act as a finder element of Au and Ag. The purpose of the multiple regression 

method is to find the logical relationship between Au, Ag and finder elements. In this study, it is 

considered Au and Ag as dependent variables and Zn, As, Cd, Pb and Sb as independent variables. 

The correlation matrix shows that the correlation of Au with Zn, As, Cd and Sb is higher than 0.70 and 

Pb is less than 0.70. Therefore, based on linear and nonlinear regression models, Fisher test, Student t 

test and probability level showed that the elements of Cd, As and Sb are suitable for prediction of Au 

and As, Cd, Pb and Sb for prediction of Ag. In addition, non-linear regression model was found to be 

more suitable for prediction. 
 

Keywords: Finder elements, Factor analysis, Cluster analysis, Regression models, Zarshuran gold 
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