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+�#)Gn-I : �F�* N�� :��,Sp-II : �8�� N��� �
#��W�)*Gn-II : �8�� N��� :���,

Sm-I :�'()* ��*<���� �'��+Sm-II :�'()* ��*<��#$ 8�� N�� �'��+Sm-III : ��*<���#$ 81) N�� �'��+ �'()*Hemi-II : ��(� N��� ��'	�1�
 � 8��Dol : �'�1���]�k.[
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pF1�#	 �$2)CO3(CaMg 
�)*�'�1��� +* -��'�$ ��* �X
<'4� -�H �$ ���:�M -�*?��
?��*� ]�`[.�'�1��� N��& �'�1��� ;�#,2)CO3(CaMg �

�
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#@�M
�& F1�#	 �$'('��
Ca(Mg,Fe,Mn)(CO3)2�� �1& .
�'�1��� p
 �
#@�M-*�*� �\�� �$ :�MFe2+

/(Mg+Fe2+)

�$ -���� �
 � #E,�<$f/��� �E	#, #m� �� �1& .;Y*� �'�1���
:�M ���% -*#$ �*� :'$ r)*�?y _'%#O �$ �
�� � �
#@�M

�� ;��WE)* �'�1��� �1& ]�g[.0?j� ��'& ;�*1
��#	 ��
0*�12�* /#) � -���X
<'4� �$ :�M �4'���H �>�$ N'@�O

#@�M�
�$� P�1Q
�19$< $ ��N@&�)* ;?& )N@&Bn(.
��%���-@�O �*<��#$'N�� ;?& 0?j� /#) � -�� 
0*�12�* N��&()*'���+'�$ �$ 8�� N�� �19$ �&�� �	� N,
�(9%()* �'���+'���-�	�$ �$ 81) N�� �19$ r)1E� N,
�(9%(� ��	�1�'�)N@&B�(���19$ �-�+1)��'E('��
+�#)
�8�� N�� �8�3�*#) }19�����% +*���-�O�@'9') �

�O�4$#% ��-)�U�%':(?4E��.

&'(���% ���
P�4$#% ��

�'()* �
�)�4& �$ �H1O �$ ���% � �'��+ � �'�1��� -��
 �� �
#@�M�)�#$-�� -*#$ ��!1@)�#@'�:''jO �'���

F�') ���% :
* ;?�+�) -�� ����)#,� ����2�12A r's� �
�N'@�O�
<3O :'�+ �
�'('&��1(� �� 5�� �$ 5+*�#!<
�

*��#E@��)EPMA (?& 8�3�* )F�?H�(.
�*?��Mg �'�1��� �� �$ #$*#$ 0*�12�* ;�*1
�*#	uQ�� ?

0*�12�* ;�*1
��#	 �
#@�M �� � ��+�h�h/h�k/h�)* ?Q�� .
�\��Mg/Ca �'�1��� �� �$ #$*#$ ;�*1
�*#	�/��� � ?Q��
#@�M
�;�*1
��#	 -��f/���/��)* ?Q��)N@&�q�*.(

�*?��Ca �'�1��� �� �$ #$*#$ ;�*1
�*#	h/ff ��/ff ?Q��
 �� � ��+�#@�M
�;�*1
��#	 -�� 0*�12�* 0?j�u�/f� �l/f� �

�/f� ?Q�� �)*)N@&�/.(

F�?H��$ ��<H � �9Q* #Q�4> -��?'�%* #
���� +* ;?�M �)�EPMA ���% 0*�12�* 0?j� ;�*1
��#	 � ;�*1
�*#	 �O�4$#% -��.
)Sm :�'()* �F�* N�� �'��+Dol : ��'�1���Ank : �
#@�M]�k.([ 

Mg/Ca Mn/Sr Sr (ppm)Na (ppm)Mn (ppm)Zn(%)Fe (%) Ca (%) Mg (%) Mineral Sample 

3/20/0338/20/00/049/60/60/00/0Sm A5-1-1 

20/012/450/70/0627/338/71/50/24/1Sm A5-1-2 

4/32/4279/00/0666/144/21/90/41/9Sm A5-1-3 

13/93/0236/80/0720/338/61/50/34/2Sm A5-1-4 

3/41/5515/80/0774/544/62/60/20/7Sm A5-1-5 

1/3-0/00/0720/345/92/20/30/4Sm A5-2-1 

5/23/4202/90/0681/643/32/30/31/4Sm A5-2-2 

13/4-0/00/0673/843/52/10/11/6Sm A5-2-3 

4/3-0/0348/7743/541/82/40/41/9Sm A5-3-1 

2/23/7228/30/0836/544/12/40/40/8Sm A5-3-2 

3/8-0/00/0658/343/72/00/41/4Sm A5-3-3 

0/4-0/066/8410/50/01/622/49/0Dol A5-4-1 

0/43/7126/8207/7464/70/01/522/39/0Dol A5-4-2 

0/151/1329/8319/016860/90/014/020/53/0Ank C22-1 

0/264/3253/714/816303/20/011/421/43/5Ank C22-2 

0/252/8262/1118/713840/30/014/620/83/3Ank C22-3 
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N@&�q�* -���*�1(� :P*#''6OMg/Ca �$ �\��Mg P�4$#% �� / �0*�12�* 0?j� -�� :P*#''6OMg �$ �\��Ca��:P*#''6OFe �$ �\��
MgP �:P*#''6OMn �$ �\��Mg� �:P*#''6ONa �$ �\��Mg G �:P*#''6OSr �$ �\��Mg P�4$#% �� 0*�12�* 0?j� -�� .

)Dol : ��'�1���Ank :M��
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�� � ��+� ?Q��#@�M
�0*�12�* 0?j� ;�*1
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�*#	��h/��� � ��+� ?Q��#@�M
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�'y* r
*#& �� .
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�0*�12�* 0?j� ;�*1
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�'�1��� �$ #$*#$ ;�*1
�*#	ppml/�fg �� �#@�M
�;�*1
��#	

 �$ #$*#$e/fkh ��/fgf �ppml/hfu �)*)N@&�G.(
#
���� �)�#$ +* ;?�M �)� �$ K
�E� ��4% �� :'4{(�

�'�1��� �� �>#	 � �9Q* #Q�4> -�� * ;�*1
�*#	0*�12��?��&
6O''P*# ��%�)�4&��9% +*'�*�*�-O N%��'�6*-�$

�1���'�E��'X.O N%�� ����� �% �3�M +*'�6*-�9% ��'�
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?&�$ ]�u[.
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*
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* �% �'��+���� 
 P�1Q �$p� +�	'���8�� �$ 
�'�1��� :'�4
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N@&g:2(� -��� �*�1(� XE
��2� �$ �\�� �,?&Ga/Ge �
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�)* �
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#��W)* ���% ��_H1� ;#'O R�� :�M +* �4D �
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* :'���H ?�*1O �� �-��
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Ge +*e��O�h� �!�!�)* #'6E� 8*.��*?� #Q�4> :
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�
#��W)* F�* N�� �� �)* #OU�$ 0*�12�* -��.

�\��Ga/Ge #��W)* ��
���?�*1O ��� �$ |�\O�* ��-
)'F�-�� ��*'��\�� �$ �% ?&�$ ��-|19�� X� �$ P��WE�
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��2� �\��Ga/Ge  #��W)*
���� #2����-

)'F�-�� $��#,���*'�*�*�-�)* <9	 ]f��ff[.-*#$
�
#��W)* �34)��� �*�1(� +* 0*�12�* 0?j� -��Log Ga/Ge 

�$ �\�� :2(� -��� -����\��'� �,?& ���% �� F�')
�
#��W)* ]l[?& ;��WE)*)N@&g.(+* ;?�M �)� �$ -���

 �$ #$*#$ �*�1(� :
*�e� �O˚C�u� �)*.�$�$�
�H ��� :
* ��
 �$ �\�� ��� �*�1(�F�') -�1&-�� #',�� ]x[)N@&�(�
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F�?HfK
�E�EPMA ��1(� -*#$ 0*�12�* 0?j� �
#��W)* -��)��+� ?Q�� _�y #$.(
Sp-I-4 Sp-I-3 Sp-I-2 Sp-I-1 Sp-II-3 Sp-II-2 Sp-II-1Elements 
0/006 00000/008 0/003 As 
0/039 00/103 000/152 0/086 Ni

000/044 000/003 0/012 Cu
0/213 0/111 0/347 0/015 0/355 00Co
0/021 0/102 00/076 000/103 Se
0/009 000000/004 Ga
0/015 0/031 0/009 0/043 0/007 00/016 Ge
9/505 6/632 10/097 7/006 1/681 1/435 4/255 Fe
0/546 0/623 0/538 0/569 0/679 0/588 0/224 Cd

01/51 00000Pb
0/023 0/068 0/041 0/057 00/004 0/001 Ag
0/008 000/04 0/026 00/006 Sn

00/005 0/012 0/043 0/005 00Sb
0000000/004 In

31/59 29/954 31/801 31/431 30/902 30/681 31/159 S
49/625 50/592 49/475 51/832 57/332 57/149 55/062 Zn

91/585 89/628 92/467 91/112 90/987 90/02 90/931 Total* 

*;+*?�* � T14E� -����*?��E)* +* ;��WE)* N'�� �$ #Q�4> -#',)��?'�%* -�H �$(N% I(H �K
�E� ��EPMA +* #E(% ��?'W�1)��� ��+� ?Q��
�� �)� �$ ?
M.

N@& e���:2(� -�,?& +* ;?�M �)� �$ �������%-MVT �VMS �SEDEX �$ �\�� �1&-�'��\����-)'F�]fg�fk[.��+ ;��E)
0��� �
#��W)* +* ;?�M �)?$ -��� :'2��'� ;#E�, ;?4�� 0*�12�* /#) � -�� 0?j� -��)�l� �E��) �H�� �*#, (-�1& :'2��'� �$ �\�� 

)h���+� ?Q��NaCl �]l[(N�� �� �
#��W)* q9E�� -�� �$ -�� 0?j� +* ;?�M �)� �)* 0*�12�*.
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