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;�A  @ '��< 2� �&

 y��:� ��.�����:� N�9,�L� O��� �" 8�
3,�� � 8�
'<�

����:�,� ��<-�2 ��-^A )EPMA( @�2 �� ��3:�� � 8-
�?

+�� �! ��^�� +
��,�� a_�D�. ���<2� +
��,�� 8��� 

�2 O����" �$��# &? �DL � � x�� Q��A �! �m�2� 8� "

                                                
1 Partial or selective dolomitization 
2 dolomitization Complete 
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 ��c
�]30[  �J��! +
��,�� P�� �� 2�{I �"1 (

+
��,��  �
A -c� 8�& 2��"-�2 )RD1(� 2 (+
��,��  8�&

�1K  2��" Q��:� 	!�2 8�)RD2(  �3 (+
��,�� 8�&  +!2�

�DL � 8�2�� 2��"  8� "(RD3)� �� R;��  ��!)J�! 8�&

4 � 5 .(���< �< +�� ��� $��� �.�����:� �&��!  8���

+
��,�� �� P�� 8�& ��� � ()RD1   �RD2 ( �" `�9:�

 � 
� j�� �" � 8�
3,�� @ '��<  J��A 8�&2�<15 -10 

 +��) J�!4 -u,� .(+
��,��   (�� P�� 8�&)RD1(  �" =�>�

��2 �� ��4�.   C�� 8�&)±�D� ( +�� �! J
��A) J�!

4 -C -t .( +
��,�� P�� 	��  N�
4�\6 l�Z, �" �&

2��" �� q��� aLD� 2� ��������
�  G& �2��"-�2 8�& � �9"

�"  �&�� � J;�;A $��" �G<��:� ��
A -c� @�2 �" �J�!

�5�" 8���D" N2�4 �" N�K��  	:� 2� (�6�� �
c! � ����

+
��,��  8�& RD2 �� ���  ���!) J�!4 N -} .(

+
��,��   8�&RD2  r/6�" �2��" +!2� �A Q��:� ��9"� �"

+
��,��   N2��^� 2� =�>� �
,�� 8�&��2 	,�� 8± � �D�

 +�� �&��� J"�K �!�" N�9LK N2�4 �" N�K�� �&��

) J�!4 C -t.(  +
��,�� 	�� +!2� 8�&2��" N2�4 �" �& 

J�! �%
� �1K @�2 �" J�! ��6 �A 2�� 8�   8�&��� � 	!�2

�� R
;�A J"�K R;�� v/��< 2��" � !�". +
��,��  8�&

RD1 '<� @ '��< $�"-
� @ � 	:� ��4� d;" �2 8�


��� J
��A ��� .G&+
��,�� �	
 p  8�&RD2 ���I 2�80 

��2 r��_� �%^I �42�  ~�\:6� ��6 �" �2 ���9� 8�&

��� ���.  

 <I�4 .X % (�!� +% �*��! &"� ���9^!% �+�� -&a"� B �" �% -C*��� )Brt( ����� �
 ���O�� �
 )Dol( ) <!�� +%�>15 -10(� � (� &" ���7B �" 

)Gn ()�I � ���*C )Cpy (���+�� ��! �
� �
  �%��- &� �� �
 c�!��C d( �e�*� ��$] ��! �
 <$N�� ��! f�O� ���* ����^  �
 P��T� �'-�^� �

�
 C>�� c�! g�� �� �
��C P � h( �L�  ��i7*�� �� �
�C RD1 �+ �
�&� %�  �� �
 +%�C  ��-RD2  
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���< �&��! `c_  ���� !+
��,��  8�2�� 2��" +!2� 8�&

�DL �  8� ")RD3( �A� "�< @ � 2�  @ '��< $�"-
� 8

+
'�< �� � :� 2� � 8�
'<�   2��"-�2 8�&)+����
� (

�! J
��A  ���) J�!5 -C � u,� .(���< l�Z, ��  ���� !

+
��,��  8�&RD3  �� �:%< ������. �"20  �%^I �42�

�%
� 8�&2��" N2�\" J�!��6 �A J�! ��9"� �" �
�< �

 �c��DA1/0  �A3/0 ��
�� 
�� 2� �:� +
'�< 8   8�&

'. ��6 � �:����
�[J
 <��� �&[�  ��[ �) J�!5 -C .(

G1� +
4�\6 	��A +
��,�� 	��  ���:�� 2� 8�
�2��K �&

�#:'�! ��2 ��& J
'. =,�K � �&  +�� �&) J�!5 -t -N .(

�Dc_ 8� c� �" @ � 8� " Q��A �A� "�< 8�& ]27[ @ � �

 �< �2�� ��� �:
��,�� $�:'<� �8�
'<� @ '��< $�"-
�

 8�2��50  �A90 � +
'�< �%^I �42�10  �A20  �42�

 +�� +
��,�� �%^I) J�!5 .( �� ��
'. � �:'�� �4� �

�!��6 N�9LK J
cK  �" b�"�� N�Z34 � $�:���2�6 8

����2 �2 @ � 8�{. �%^I �42� � ���I -
� $�2��

� J
��A +�� ��) J�!5 -C .( N�9,�L� �� ��3:�� �"

���< 	
" a_�D:� Q"��2 � �.�����:� d;" � �A� "�< �&  8�&

���< 2�� �� � +
��,�� +3� $��A  8�&RD1  ���62 �� JcK

���< +
��,�� � ����  8�&RD2  �RD3  �� �9" �%< �� $��-%&

���< ���62 �! J
��A ����  ���. ���< H
:�M�2�� �,��A  2� �&

 J�!6 +�� �! �m�2�.  
  

 <I�5 .C��� �
 +% �)�I���I�� � �*%�8U �*��e� &L\�� �%�%
 ��-  �'��)RD3 .(X % (�
�� ����(� +%�> %�  �% Z��!��'�  C��N �


��(��� �) �
 & �'9��*B !'9� �
��� j*&  �-� ,��� �� �
 /-.��� ) ����(��%' % �
� '!)
*' �e� k�] ����( Y��� C�� &�*�  
�'7

200 ���(� � (�� �
 /-. Z����� �. Z!��O� �> P�9\N �%��- &� ��'��< �+ �
 
�2���&�  �Z��d (I^��< �� �
�C �-� )RD3 (%�%
� 

'�� &L\��� �'-�$��� <I� ���  
%'��% �
 Al��*/ + RS� &� mK9�� /-. Z�� �
 &"�*�*B �% Z��!��'�� P( ^!�2�B  �'�

�� �
�C �-� %�%
� '�� &L\��� �N �
n  */ �> �
�(�<  <�� P��U &� �P (��K� '��  �-� �� �
 C��
�C %�%
� &L\�� '���  �
*/  
%'��%

K(%'� P��U &��,�^o. P���p� �
 � �!� ���! B-. ��- �OK> �+��  
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 <I�6 . %��� �!0%��)�/ � �
 c%�!%��C �� �
 /-. Z�� ���� Z��!� �� q$���  ��-�%�'� T �� ��'�  

  

�!� ���� &����� ��-  

+
��,�� ���
%
! =
<�A ��2�"  ��5�� ���. �4� � � �&

2�:6�� 2�  $? �4� � ��5� J
cK �� �&Na �Mn  �Fe�  ���

�2 ��  $�"-
� @ � J
��A Q���! �" �"�
:�� 2� �
3� 8�&

�� � <�A �" $��"2�'��< 2� �"���� (�
� =
  $�"-
� �" 8�&

 +�� �A� "�<]22 �45  �57 .[+
��,�� b�cA2� �" �5�A �"  �&

���< �" d;" 2� 8���  ��-^A �8�
3,�� � 8�
'<� 8�&

�LD�  8�EPMA +%'K 8�2 �" +
��,�� u�:;� 8�&  � �&

���< �#��  2� $? y��:� �< �! ��^�� �A� "�< 8�& (��51 

+�� ��?.  

�" +
��,�� 2� 	&? -<�%A �y��:� 	�� O���  8�&RD1 

)+
��,�� ��2 �� 2�� 8�& ( ��85/6  �A53/9  2� ����� �42�

+
��,��  8�&RD2 )+
��,�� ��2 2��^� 8�& ( ��50/13  �A

43/14 +
��,�� � ���� �42�  8�&RD3 )+
��,��  8�&

�DL � 8�2�� 8�
'<� @ '��< �" QcA�� 8� " ( ��75/1  �A

77/2  +�� �

kA 2� ����� �42�) (��51  � J�!8 -C.( 

�� �n� �" d;" 2� 	&? -<�%A r/:6� ��2  u�:;� 8�&

+
��,�� �DL � 8�2�� 8�&  (�
� +
&�� P� A �� �!�� �8� "

 +�� $? +�1� ��# & 2�]57 .[ 8��:Z�Mn  2� -
�

+
��,��  8�&RD1  ��1210  �A3010 ppm�  2�

+
��,��  8�&RD2  ��1570 A�1790 ppm  2� �

+
��,��  8�&RD3  ��320  �A540 ppm  �< ��" �

kA 2�

+
��,�� �%
!�mM 2� 	&? �"��� $? 2�:.2  +�� �&) (��5

1  � J�!8 -t .(+
��,��  �
D. - # � � 	&? �� ����2� 8�&

+
��,�� �  �� �"���� � ���
I� Q���! 2� �! J
��A 8�&

� :'& � > - # � � 	&? ]23 .[ +n�>Pb  2� -
�

+
��,��  8�&RD1  �A 8���2��!? �I ��� ��50 ppm�  2�

+
��,��  8�&RD2  ��70  �A100 ppm +
��,�� 2� �  8�&

RD3  �A 8���2��!? �I ��� ��40 ppm  +�� �

kA 2�

) (��51  � J�!7 -u,�(.  

���  ����:�,� ��<-�2 �&�#:�� ��-^A �� ��? +��" 8�&

)EPMA( 6 �" �"�
:�� r�& �" ���
%
! N�
4�\

+
��,�� �&  Q��A ��4� � ���
%
!�mM 2�:.2 ��2�" �

���  2�-.�SPSS � :.�� 2��K 82��? J
�ZA �2��.  2�n � �"

���< 8�&�
k:� 	
" 82��? �#:'c%& �9,�L�  �#���� �" ���

@ '��< 2�  �#:'c%& s��A�� �� 8�
'<� � 8�
3,�� 8�&

�cA2 	��
g�� 8� -�! �:.�� �1" $���
�.  y��:� `c_

	��
g�� �#:'c%& - @ '��< $�"-
� @ � 2� �$���
�

G
'�<�4� � 0�� =
A�A �" 8�
3,�� -���-
 � )74/0R=(� 

G
'�< -C�� )57/0R=(� 	&? -C�� )60/0R=(� 	&? -

- # � )62/0R=(��
'���:�� � -C�� )78/0R=(  �

��
'���:�� -G
'�< )5078/0R= ( �c
A�A �#:'c%& 8�2��

� :'& .� �" �/� @ '��< �A� "�< $�"-
� @ � 2� �	�

G
'�< �4� � 0�� 8�
'<� -���-
 � )38/0R=(	&? � -

- # � )62/0R=( - # � � -C�� )96/0R=(  8�2��

 � :'& �L6 �#:'c%&) (��52.(  

 ���9A ��%
!�mM N�9,�L� J
%�A 2�n � �"80  �# � ���%�

@ '��< �� H
�3A �"  +!���" 8�
'<� � 8�
3,�� 8�&

 �" � �! �&�#:�� f�2 �� ��3:��XRF  2��K ��-^A �2��

� :.�� . ��-^A y��:�10  8�
3,�� @ '��< �� r�9� ���%�

 �10  2� 8�
'<� @ '��< �� r�9� ���%� (��53  ���2�

+�� �! . �4� � Q��:� ����D� �O��� 	�� �"FeO )wt% 

03/12( �MnO )wt% 28/6( �CaO )wt% 88/8( �Pb 

)wt% 15/3 ( �TiO2 )wt% 15/3( $�"-
� @ � 2� �
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�A� "�<   �4� � Q��:� ����D� � 8�
3,�� @ '��<FeO 

)wt% 50/12( �MnO )wt% 24/7( �CaO )wt% 14/2 ( �

Pb )wt% 55/0 ( ��? +��" �8�
'<� @ '��< $�"-
� 2�

 +��) (��53 .( ��-^A �� J4�I y��:� $��� $��� 2�n � �"

XRF @ '��< 2� 
3,�� � 8�
'<� 8�& �'��D� $���� � 8�

$? 2� �4� � d&�< � d��-.� ���2 N��

kA 2���%� ��&

 8��" 	
#��
� ����D�9  +�� �! G�2 r�9� �\ �) J�!

8 .(@ � 2� �4� � N��

kA ���2 2� �"��A  �A� "�< 8�&

���< $�"-
� ����  8���� vS�%:I� �8�
'<� � 8�
3,�� 8�&

$�"-
� @ � q�:�� �� �  @ '��< 	�� +�� �&.  
  

  

 Y�'21 .C��� �
 c%�!% �
 ���� � �KU% P�$��� � �U��] ClKo C��K � �- &\L! &*Op� +% �
�T��% �� &���+ ��- �%EPMA ) .ND 

�'^! &$��8� �*
�L�( 

FeCO3 

(wt.%) 

MgCO3 

(wt.%) 

CaCO3  

(wt.%) 

Mn 

(ppm) 

Sr 

(ppm) 

Pb 

(ppm) 

Na 

(ppm) 

Mg 

(wt.%) 

Ca 

(wt.%) 

Fe 

(wt.%) 

Minerals 

19.76 22.04 46.31 3010 730 50 10.25 6.73 18.66 9.53 RD1 

13.56 30.517 51.145 1210 90 ND 20.12 8.82 20.54 6.58 RD1 

29.93 16.746 43.749 1520 1300 100 50.01 4.48 17.57 14.43 RD2 

27.49 17.819 46.46 1790 310 70 ND 5.15 18.6 13.05 RD2 

5.73 34.98 56.59 540 ND 10 10.02 10.11 22.47 2.77 RD3 

3.62 38.12 59.73 320 20 ND 10.45 11.02 22.99 1.75 RD3 

5.03 36.26 57.24 460 ND 40 80.12 10.48 22.99 2.43 RD3 

5.46 38.80 57.02 490 50 ND 30.72 10.06 22.09 2.64 RD3 

5.29 34.84 55.85 450 ND ND ND 10.07 22.43 2.66 RD3 

5.50 34.66 55.95 470 20 ND ND 10.02 22.47 0.26 RD3 

0.53 3.010 9.98 110 10 40 ND 0.87 35.54 0.26 Calcite 

0.89 1.52 95.51 190 60 10 ND 0.44 38.36 0.43 Calcite 

2.44 0.69 92.97 480 ND 40 ND 0.2 37.34 1.18 Calcite 

2.50 0.62 88.07 690 ND ND ND 0.18 37.37 1.21 Calcite 

 
 Y�'22 .&$�� �,��$�- n*%�= B���r�% �%-C��� �
 n��� �
 
�2�� �U��] �%�� �����) Z��!� �
 �- �'�T �� � �'��% ��- 

  

  

  

  

  

  

  

  

  

  

  

  

C��� �
 �*%+  

+
��,��  �
,�� ��� �� �" J
��A $��� �n� �� �&

)	
� H
:�M ( �����e �)H
:�M��� (�� G
'DA  ���!]1 .[

+
��,��   ���
%
!�mM �n� �� � ��" 2��"-�2 �
,�� 8�&8�2�� 

 �4� �Sr � Na � S�"  �4� �Fe �Mn   �" +c'� 8�:%<

+
��,��   � :'& �����e 8�&]13 .[ �����2��"  +
��,�� 8�&

�� +
��,�� R
;�A +15 2� ����A  �" 8�
6�A � �
,�� 8�&

 ��2 2�<]18 �20 �39  �56 .[+
��,��  8�&RD1  �RD3  �<

��2 N2��^� 2� d;" � �& ���< 8�& �! ����� ! 2��  � ���

�� (�%:I����< (�
� �
e�A �ZA �< ��2  ��� �:.�� 2��K

 �� !�" 8�2��2��" +!2� 8�& �A � :'& 8) J�!4 -t .(

 $�-
� �< ��� $��� ����:�,� ��<-�2 ��-^A y��:� Fe)14 

wt% ( �Pb )100 ppm (+
��,�� 2�   8�&RD2  2� �<

��2 ����-� �! ����� ! C�� 8�& ��� +
��,�� ��  8�&

RD1 ��-5 N2�4 �" �<  +
��,�� �� � :� 2� 8�  8�&RD2 

d
" ��:.�� 2��K +�� �A) J�!9 -� u,� C .(G& �" 	
 p

+
��,�� 2� ��#:'c%& s��A�� O���  @ '��< $�"-
� 8�&

+
��,�� G1� �4� � 	
" 8�
3,�� ���< � ��� G
'�< ��� -

C�� )57/0R=(	&? � -C�� )60/0R=(��
'���:�� � -

C�� )78/0R=( 	&? � -- # � )62/0R=( =��� �

 Ore-type Mg Ca Pb Fe Mn Sr 

Mg Sulfide 1.00      

Oxide 1.00      

Ca Sulfide 0.74 1.00     

Oxide 0.38 1.00     

Pb Sulfide -0.79 0.57 1.00    

Oxide -0.16 -0.66 1.00    

Fe Sulfide -0.62 -0.99 0.60 1.00   

Oxide 0.40 -0.67 0.47 1.00   

Mn Sulfide -0.80 -0.60 -0.14 0.62 1.00  

Oxide -0.41 -0.73 0.96 0.62 1.00  

Sr Sulfide 0.14 0.50 0.78 -0.47 -0.26 1.00 

Oxide 0.24 0.18 -0.13 -0.15 -0.17 1.00 
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 p

+
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+
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���< (�
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 +�� �"��� @ '��< �� �& 2� $�"-
� �A� "�<) 2�_ �"

 Q��:� wt%10) ( (��53 .( J< 2� 	&? 8S�" 8��:Z�

@ � G^I 8�&  2� 8�
3,�� @ '��< $�"-
� �A� "�<

 ���� �42� $�"-
� $��" S�" �" ����A �� �8�
'<� �" �'��D�

+
��,�� $�%:6�� 2� 	&?  P�� 8�&RD2  �!�" QcA��
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kA 8�&

 ��
'���:�� 2���%� G�2 � C�� � G
'�< ����-
 � J"�D� 2�

+
��,�� 2� C�� J"�D� 2�  $��� 8�
3,�� @ '��< 8�&

 �" � +cw� �#:'c%& ��
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C�% C*�� <��N.  
  

 Y�'23 .&*Op� x*��!XRF  Z��!� ���O�� Z�� �
 �]�> � �KU% �U��] +% �(�� �%��  �'�T �� � �'��% ��-)ND : �*
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Sample 

no. 

Ore-type FeO 

wt% 

CaO 

wt% 

MnO 

wt% 

TiO2 

wt% 

V 

wt% 

Zn 

wt% 

Pb 

wt% 

Bi 

wt% 

Mo 

wt% 

Ag 

ppm 

Se 

ppm 

Ah-S03 Sulfide 12 8.88 1.62 1.05 0.205 0.03 2.92 0.09 0.02 10.78 820 

Ah-S05 Sulfide 11 0.61 0.27 0.19 0.003 1.17 3.2 0.11 0.03 20.03 612.62 

Ah-S07 Sulfide 12.3 1.71 3 2.85 0.422 0.06 3 0.11 0.02 13.74 446.01 

Ah-S10 Sulfide 12.4 2.63 2.83 1.64 0.277 0.03 2.18 0.08 0.02 2.258 672.42 

Ah-S12 Sulfide 11 0.80 0.14 0.28 ND 0.1 2.44 0.08 0.04 10.13 651.45 

Ah-S03 Sulfide 30.3 2.92 4.74 0.56 0.15 0.01 2.35 0.09 0.03 ND 1265.6 

Ah-S05 Sulfide 38.4 1.72 2.74 0.22 0.02 0.01 3.16 0.11 0.04 10.24 1601.1 

Ah-S15 Sulfide 11.7 2.27 4.09 4.64 0.54 0.08 2.56 0.09 0.01 19.95 1132.2 

Ah-S45 Sulfide 13.2 0.28 3.32 1.64 0.25 0.25 3.04 0.1 0.02 11.79 884.07 

Ah-S45 Sulfide 11.1 0.18 0.93 5.70 0.66 0.03 2.4 0.09 0.01 13.75 674.17 

Ah-O34 Oxide 12.9 2.07 2.61 1.44 0.24 0.03 0.28 0.01 0.02 5.94 373.0 

Ah-006 Oxide 13.4 2.66 8.72 1.69 0.26 0.07 0.09 ND 0.02 4.83 ND 

Ah-O09 Oxide 12.8 0.89 4.31 2.83 0.41 0.02 0.09 0.01 0.02 6.93 25.63 

Ah-O11 Oxide 13 0.73 2.62 1.59 0.25 0.06 0.09 0.01 0.02 6.66 261.16 

Ah-O13 Oxide 13.6 1.85 3.66 2.94 0.39 0.03 1.65 0.08 0.02 12.04 664.27 

Ah-O04 Oxide 12.9 2.91 2.3 1.14 0.20 0.01 0.37 0.02 0.02 8.85 ND 

Ah-O02 Oxide 12.9 2.69 6.35 2.41 0.32 0.01 0.09 ND 0.02 4.87 ND 

Ah-O25 Oxide 13 1.40 3.03 2.60 0.35 0.44 0.09 ND 0.02 10.25 205.82 

Ah-O12 Oxide 13.2 0.56 7.42 0.88 0.12 0.15 0.85 0.04 0.03 6.25 659.22 

Ah-O12 Oxide 13.1 0.06 2.69 0.52 0.03 0.01 0.09 0.01 0.03 7.23 173.39 
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