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�,�%��� +
# �=�.l
� >,�� �/ �7�%&/ !-#��# � �8	�/ 7�=
�<�P8Y# L9 +,	�@ �&Y � �� �
 � �),���_ ^�%R �/ [P'

�8�
�%� �,��d	�,�%��� -# ��# !��B �%_%/  @0
� 7�=]S[.
�,�%���  c# �� �9 �
�=�8�
�%� �,��d	 >,(�@ *!��� ��# -
�� �)�#%@Z,`� ;�
 _ � d� �� �&R�	�/ �9 �
��1� 7�=-

7�=�8	 . �# z �
�
�� ��#L9 +	� �� �
  ,c�@ �/ !# P= � [P'
b�,�7�= �
�
�� � 7%_ �8	 . >(*�)*�/]TSKTW[.

4K�,�%��� �.� 7�= 7#)Vd:( �,�%����.� G%� 7�= 7#
 � !�%/ �%&/ �*�� �@ Z�%8� 8�,/!-#��# �� 7C5K]55 

 (,� ;��)8�= .���B  M� -#!���,�%��� �8	�/ 7�)/ �=]U5 K
UT[HI��  8�,/Ks)LM)� �P,� N,
#-%� (�)LM)� N,
#-%� (

HI��Ke�)8�= G%� �HI��  ,J Ka)LM)��� N,
#-%� (
�� !�
� ^��)/�%* .�,�%��� +,)hP=�1�# +
- 7�= >(*

!-#��# �� 7C55 K]55 ��_%� �*%��2 7#�#� �9 ;� (,� 
%I� 7#�#� � >(* 7 /# ���Y � �#��)`�# ���1��,��=7�/��cB

 �
�,��9 ���,� �i&J#+=B 
# �� ��)8�= �#�+�,�%��� G%� �=
!�* !�
���# .�,�%��� -# G%� +
#:)� ��  8�,/ �= 7�=

 7�=�,k�%� � +/ 9���,= �/ !# P= ^�k�%� ;�/0,� �@�)/ 9
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�&_��!��P* ��;�8�/�@ �����+,�- � 7��"� :)� �#01,� ��-�� 7�= �,�%��� 7 \)' �P,*. . .v��

7�#-��)MVT (�� �	�
 �%*]4[.%��� +
#�,� �=i&J# �� 
P' �)	� Z
# *,�
 [�/�� . -# �
 <�/ 7��� �� �%* ��,�/ 7�=

 7�,Y#�
�� . K^�k�%� �
�,P,* �=�� >(*�� ,. ]TX[.+
#
��  M)/ G%� ��� �9 7#�#���9�-�� ��,�/ >,(�@ ;��- �

!� 8�.7#�(
�%Q �/ ��*�/ ���B >,(�@ �P9 -# O?��x
# -# 
�,�%��� b�# G%� 7�=)D1(G� * !�* >Y# � �@ ��
#0��,� 

�,�%��� �%�Y >,��/ �),	�@�=7>��* #� >(* �1�# +
- 
�%*)>(*7�= X^����.(

#=�>? ��
������ �=����� 
 ,,{@ 
���� �,�%��� �� �' 	 � �&R#  R�)'  ,,{@ >,��/ �=

b�,� i,9 @ ��7�= ��# -�� �,�%��� ]W[.!�#� i,9 @ 7�=
 +,�-�,P,* �/ �
 r
�8�:)�7��"���-# 7 8�/ ��� ��#%@

!�"8��2�,�%��� b�,� i,9 @ �>,(�@ ;��- �b�� �-��
b�,� � �)
B 	 G%� � ;�* �8,�%��� 7�=�
#0��,� �)9 L=# 	 #� 

]TV[.r
�8� -# !��B ���/ ��� /!�#� 7�=+,�- �
�,P,*
 �&R#  R�)')Ca �Mg ( �' 	 �)Sr, Na, Fe and Mn(��

b��_U!���B��# !�* �� !�#� H,A%@ ��#�# �� ��%*.
L
0,)� � L,�&9)Ca, Mg :(  \)' �� L
0,)� � L,�&9 

�,�%��� ��82�� �� �&R#�)8�= �= .�� L,�&9 �#���
�,�%��� G%� 7�=D1-# 4/UV �@ C/TU �R�� )+,"��,�C/T5 

�R�� (�%��� -# G%� +
# �� 0,� L
0,)� �#��� e��#  ,{8��,�=
T/VK]/U5 �R�� )+,"��,�U5�R�� (��# .�,�%��� 7�=

 G%�D27#�#� 4/T5 �@ 4/TC �R�� )+,"��,�W/TU�R�� (
-# G%� +
# �� L
0,)� �#��� +,)hP= ��)8�= L,�&9  \)'

�,�%��� -# �=W/U5 �@ S/UT �R�� )+,"��,�C/UU�R�� (��
��#  ,,{@ .�,�%��� G%� +,�%���� �)d
 �=�,�%�.� 7�= 7#

Vd 7#�#� C/TU �@ W/TU �R�� )+,"��,�S/TU�R�� ( \)'
�,�%��� -# G%� +
# �� L
0,)� �#��� � �)8�= L,�&9 �=S/U5 

KC/UU �R�� )+,"��,�UU�R�� (��# .��� /�� ;��� �= -
��-� �R�� �/ �1�� L,�&9 �/ L
0,)� �#��� ^# ,,{@ �9 �=�

 �81�� ���� 7#�#� L
0,)��,�%��� >,�  "���� �9 ���# �/ �=
 �,�%��� ���Y!�
#bB��# . M� -#7 8�%,9%8�#�,�%��� -

G%� 7�=D2N
�0� �,�%��� G%� +
 @ �,�%��� ���Y �/ �=
!�
#bB)��%� �1�� �/T/CS :W/X4(�,�%��� ;B -# O? �7�=
�.� 7#Vd)��%� �1�� �/X/CX :X/XC (�,�%��� �7�=D1

)�� �/ ��%� �1W/CC :T/XX (�)8�=)>(*SF�#.(

@
�(7�&R#  R�)' 7��  / �
�,P,* +,�- �
0x@ -# !��B / r
�8� )Ca �Mg ( �' 	 �)Sr, Na, Fe and Mn (�,�%��� �#01,� ��-�� 7�=
)Ld : � �),
�? :)� ���� � �,�%��� :)�Ud :�
<�/ �,�%��� :)�.(

Dolomite 
type 

Rock 
unite

Sample 
No# 

CaCO3
(mole %)

MgCO3
(mole %)

Ca 
(wt %) 

Mg 
(wt %) 

Fe 
(ppm) 

Mn 
(ppm) 

Na 
(ppm) 

Sr 
(ppm) Mn/Sr

Ld 7A Sb T/XC W/CX V4S/T5 ]CV/U5 UXVV] X4/UW4T CT/U54S 5VU/CC4 U/C
Ld 87 Sb XC CS VX4/UV 4US/U5 TTVSX ]X/UV5X TU/U4SX CWS/VST T
Ld :B Sb W/XS T/C4 4WU/TU WS/V V/455W5 ]V/4S]X ]4/UTTV XCU/4]T V/V

D1

Ud C; Sb V/XX U/CC 4T]/UV T4V/V 4/UW]U] 5]T/XS5 T/WTT XXT/TXS T/T
Ld 7B Sb T/X4 W/CS TWX/UV WUV/U5 C/USWSW V4/US]C TV/UUW4 ]V/U544 S/U
Ld 7C Sb T/XC W/CX ]C]/TU USU/UU W/UW5T5 SW/T5UT SW/UTCU X4/U4CW X/U
Ld :D Sb V/X4 U/CS 5C]/TT CXV/UU X/UWCXS SC/TUSW WW/UU5W CTX/X5U 4/C
Ud B; Sb V/X4 U/CS 44/TC S4T/UT 4T/WTWW XS/UUWX C]/UUWC VTU/U44 V/W
Ud BE Sb C/XC S/CX VXX/TU U]X/UU W/UTS]5 SW/U5C5 5X/UUSS V5V/T5S X
Ud - aC7 Sb X/X4 X/CS 5CS/TU U5T/UU U/U4VUS WX/U4UW C]/U5US U5T/UVV S/S

D2

Ud C8 Sb X/X4 X/CS US/TU U4C/UU V/U4UCW WS/U54V W4/U5XS 5CS/TUS W/C
Ld :Sb S/X4 C/CS ]XU/TU CUV/UU C/UV45C 4]/UWUW TT/U5]T 44T/4]V W/C
Ud - vB: Sb V/XC U/CX ]SS/TU WXC/U5 S/TXSUW 5C/4CXC V4S/V]U U5S/UCC TC Vd 
Ud - bC7 Sb T/XC W/CX 4]4/TU SUU/U5 TTVSX VT/UWXS 5W/U5SS WVW/U]] C/U5 
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�/%1`� ��� Y 7%�%� ���/ ���2 ��%? 7�,�P_ ;# 
# ���)* ���9 � ���)*�%&/ �&x� v��

 

)/�B)F�# (�L
0,)� ��-� �R�� �/ �1�� L,�&9 �/ L
0,)� ��-� �1�� ^# ,,{@)a(^�)/ 9 ��%� �R�� �/ �1�� $%,��# 8�# ^# ,,{@
 �L
0,)�)�(L
0,)� ^�)/ 9 ��%� �R�� �/ �1�� L
�� ^# ,,{@)^(,{@ �L
0,)� ^�)/ 9 ��%� �R�� �/ �1�� +=�B ^# ,)�(0)")� ^# ,,{@

 � L
0,)� ^�)/ 9 ��%� �R�� �/ �1��)�(��# Z,`� �
�,Y# Z
# *  "��,/ �9 L= �/ �1�� 0)")� � +=�B ^# ,,{@ .

K$%,��# 8�# )Sr:( �,�%��� �� �%_%� �' 	  R�)' ;�,� -#�=�
�_%@ +
 8�,/ !�#%P= $%,��# 8�# �%2 �/ #� i&_ ��# !� 9

]T] K45[.�<%Pd� $%,��# 8�#  \)' �9 �x�B -# +
0"
�_ 
�� L,�&9�,�%��� �� L,�&9 �#��� � �%*� F\� �=�#�� ;B 
�,�&9 ���,�%��� �� $%,��# 8�# 09 P@ +
# /�)/ ����= �=

�,�&9 -#  8P9 ���=]W[.�,�%��� G%� 7�=D17#�#� S/TXS 
�@ppmX/VST),�+,"�� ppm]/X5W ($%,��# 8�# ��)8�=

  \)' 09 P@ -# 7 @<�/  
���� ;%/ �,��# �,�%��� >,��/ �9
 $%,��# 8�# #� ���#� �%2 ��]4KT][�,�%��� �/��� ��,�/ � �-
Z,`� 7�=�� 7<�/ �@ 7�� � �0_ ���;�
 _ -# G�1*# 7�=

NP�)ppmU55 �@ ]55$%,��# 8�# (�)8�=]4U�4T[.

,�%����G%� 7�=D27#�#� ! 8�. $%,��# 8�# -# �d,�� )-#
V/U44�@ppmX/U4CW �/+,"��,� ppmXT5 (�)8�=e+
# 

�� !�)9# ? ��,�/  
�����@ ;%f �k&8�� >
<� �/ ��#%@ ����
�/#�%*  ,c�@ ��,�%��� �� $%,��# 8�# -# �)J 7�= 7�=-�/ �%&1@

/ �8	�
 �*�]TW K44[.,�%��� $%� G%� ����=�#01,� ��-�� �� 
�,�%��� �)d
�.� 7�=7#�Vd���#�-# $%,��# 8�# �ppm

U/UCC �@ 4/4]V)+,"��,� ppmW/T44 ( ,{8���# �/ �9 �
�)
B 	 3 8�. � �	 �,?�8,�%��� 7�= !-#��# m
#0	# � ;�*

 $%,��# 8�# 09 P@ m=�9 �'�/ �,�%��� �%&/ -# G%� +
# ��
�,�%����=���9 ��%*�� +,)hP= +
#  c# >,�� �/ ��#%@

b�,� 7�#0��,� 7�= �*�/]4C�4X[.N
�0� ���Y �/ ;�* �/
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�&_��!��P* ��;�8�/�@ �����+,�- � 7��"� :)� �#01,� ��-�� 7�= �,�%��� 7 \)' �P,*. . .v��

7 \)' i��)@�,�%��� +
# �� $%,��# 8�# m=�9 �'�/ 0,� �=
�� �%*]4S[.�1�� ���� �/ $%,��# 8�#  
�����/ �1�� 

�� m
#0	# �L
0,)� �M&J m
#0	# �/�
)>(*Sa.(L�� �/ 
!�#� 7�= !�)9# ? $%,��# 8�#�/ �1�� N
 L
0,)� �M&J 

N,(k@ �#�%P� �� �.�*�* !�
���%P� �9 ^�%R +
# �/ �7�=
 �8,�%������ / ��%� �Y#� -# :)�%����,� :)� ���� �

�),
�?)Ld ( 7#�#�! 8�.��� �� $%,��# 8�# -# �d,�� �/ ��
 
��%P� �Y#� �8,�%��� 7�=�,�%��� :)� �
<�/ )Ud ( �/

! 8�.-# $%,��# 8�# -# 7���`� ���9 ppmU4C �@ TXS 
�)8�= .��  M)/ ��� �9b�,�  ,c�@ -# �*�� ��82# +
# 7�=

7�#0��,��,�%���  / �Y#� 7�=�,�%��� :)� �
<�/ )Ud ( �9
�,�%��� +
# �� $%,��# 8�# �M&J m=�9 i_%� !�* �= ���#

�*�/.
KL
�� )Na:( %,@�9 +
 8�#�# 	 L
�� ���
�� aB �� �%_%� ;

b�,� 7�%* �_�� �/ ;� / �? 7# / n2�* ;#%)' �/ �7�= 
�� !��k8�# �)
 
��%* .]4K4][.�,�%��� �� L
��  
���� -

7#�#� �#01,� ��-�� 7�=! 8�.��81�� N
�0� !�%/ -# �T/WTT 
�@ ppmT/U4SX ��#  ,,{@ �� )�,�%��� �� +,"��,� �%Q �/-

7�=D1�/  /# / ppmC/UUU4 ����,�%��� 7�=D2�/  /# / 
ppmW/UU4S�,�%��� �� ��.� 7�= 7#Vd �/  /# / ppm

]/U54S ��# .(��#�� i,* �/ L
0,)� �M&J m
#0	# �/ L
�� 
�� m
#0	# L
�� �/�
)>(*S�(��#� �1�� ���� �.L
��

�,�%��� �� ;#�# 	�=��g�1@�# �� ��#%@ �/;�
 _ ����7�= 
�%*�/# 7#!�* ��
 �*�/ ]4W[.�� L
��  8�,/  
����

�,�%��� 7�=D2�,�%��� �/ �1�� 7�=D1��  c# �� ��#%@
aB �%k�b�,� �
 � �%* �
�
�� E%1`� 7�=7�=�/#�%* 7#

NP� -# G�1*#�,�%��� +
# �/ �=�8�
�%� �,��d	 �Q�*�/ .�/
�%_� +
#��,�%��� �� L
�� ~/�)�  ,�k@ (�� �=��# >�# 
- 

�%�Y �&' �/ ��# +(P� L
�� 7<�/ 09 P@��1��,� ~
�� 7�=
 -# �)J ���_ �
NaCl �
 ���� .� -# �)J ��� ���9 7�=
 �
 �*�/ L
0,)��Q�
#0��,� ^# ,,{@ ��f� 0,� �*�/ !�* 

]4W�4V[.
K0)")� � +=B )Fe & Mn:( ��#���,�%��� �� +=B G%� 7�=

D1-# UXVV]�@ppmV/455W5)+,"��,� ppmU/TUVC5(
��#  ,{8�e� +,)hP= �#���,�%��� -# G%� +
# �� 0)")� �=

U/XS5�@ppmW/4S]X)+,"��,� ppmX/UVV4 (��# .
�,�%��� G%� 7�=D27#�#� 4/WTWW�@ppmX/UWCXS 

)+,"��,� ppmC/UCCWU (�)8�= +=B  \)'e�#��� 0)")� 0,�
�,�%��� -# G%� +
# �� �=V/U54V�@ppmS/TUWS )+,"��,� 

ppmS/UCVU (��# .�,�%��� G%� +,�%� �=�,�%��� �)d
 -
�.� 7�= 7#Vd 7#�#� C/UV45C �@ ppmS/TXSUW)+,"��,�

ppm4/TTSTV (�)8�= +=B  \)'e��#�� 0)")� 0,� +
# ��
�,�%��� -# G%� �=C/UWUW�@ppm4CXC)+,"��,� ppm

C/T4]S (��# .m
#0	# �/��#�� ��  R�)' +
# �M&J -# L
0,)� 
�,�%����� �8��9 �= �%*)>(*7�= S^��.(�1�� ����

 0)")� � +=BL= �/ �1�� L9�Y �
�,Y# Z
# * !�)=� ;��� 
�Q Z,`�  /�
#0��,� �),	�@ ��# ]C5[)>(*S�.(�#���

�,�%��� �� <�/ 0)")��� �=b%&`� �%_�  c# �� ��#%@ �)J 7�=
-# Z,`� �� ;%,@�9 +
# !�* �*�� �*�/ ]TW[.b�,�7�= 7%_ 

>�#%' -#  c%��,�%��� �� 0)")� �M&J m
#0	#  / ��-�� 7�=
��# �#01,�.b�,� +
# �=>Y# � �Q �
#0��,��,�%��� ��
#-
�)J i1��� 0)")� -# �,�%��� 7�=�%&/ ;�*��%*.�,�%��� -
�9 �
�=� d� ��b�,� 7�=�� �# z 7%_ � �@ �� ,. �#��

ppm4C55 �)=� �� 7�_ �%2 7�%&/ �(1* �� 0)")� ]CU[.
L
�� � $%,��# 8�# ��2 / +=B � 0)")���Q�
#0��,� �/ 

�� !��0	# :)�%*����#� L= �/ �(
�0� �I/#� � �]CT[.�Y#� -
�/ ��-�� +
# ���,� ��#-�/ >,� �Y#� >�� �7�%k� +
��B 7�=

aB 7�� m)9#�P= � 7��-�� 7�=+,)hb�,�  /  ,c�@ 7�= 
7�#0��,�� m
#0	# �/  x)� �#�� i,9 @ �� 0)")� � +=B 

�,�%��� �
�,P,* �Q �#01,� 7�=�
#0��,� ��# !�* �),	�@ 
]4U KC4[.

.��F��$G=���
 H�= 
�
# `R �=#%* �/ �_%@ �/)�
< ^�%R �/ ;�* �8,�%��� � 7#

�#01,� ��-��  �# � ��  ,.# 	(�r
�8�:)�7��"��+,�-
��  M)/ �
�,P,* ��)@ �9 ���!�"8��2 7# / L
0,)� ;%
 

�,�%��� 7�=D1)�8,�%��� �/ ;��0P= � �,��# ;�*
7�#�"/%�� (�<�P8Y# �9 ��*�/ �
�� aB � �0_ Z,`� N
 �� 

aB |��P?  c# �� � 7�� �/ L
0,)� ;%
 -# �)J �
�
�� 7�=
8,�%��� ��)�? +
# ^�/%����*�/ �8	 . ^�%R ;�*]T][.

G%� 7�= �,�%��� ;�* �8,�%��� 7# /D2�,��d	 -# �*��
�8�
�%� �!�"8��2
�/ L
0,)� ;%
 �;�P= !�"8��2 �,�%��� 
G%� 7�=D1)�
�� aB (�/!# P= !�* E%1`� �
�
�� 7�= aB 

�*�/ .7# �.� 7�= �,�%��� 7# /Vd�k. ;#%@ �� 0,� �9
!�"8��20,)� ;%
 ��# �
�
�� E%1`� 7�= aB L
 .+,)hP=
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