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% �% �m�( �m��-�!�-

j�6�F-
&
%���&
"	 ]�[j�6�F-
&
% �xS�+:�m* ! �"# ]z�[
W23 �'�� �H�� �	�. �. ���-�!� !�%���"# ! �+:�* ]�[!

-�!���]zz[20mF��m*%  &m3 W.�m,�. 1-m* O-m� �m��-�!�
 �	�. v
"�F �.-*� ���!% ;�(3a�23% �
�*�)3 �S�A� �� !  &

 �*% W20� ����. �.-*� ���!% . &��, �.;!�-� ����-�!� ;�(
 �'�� �H�� ;�(�"� ;%�%� W23�%� !�m(�-+. &3� �S�A� �� �m.

�%�M�� W23�#��".�"m# ! �+:�* �
"V� N�*% ". ��)�'(
]�[�� �	�. ��'�� �H W23�mS�A� �%�;�m(�-+. 1%�M &m3� �m. 

�A*-�6 $�
"8 �% ;% ��3 �m(;�A��-m�!� ��
�m6 ;�m�� �� ��m*
�*% .�)�0m��8 "/��m�. 1-m* O-� ���-�!� �
%".�). �%Zm�!��;
?)* j(M �-+:F �
 ! �+:B ;�( ��.!�;���-�!� W�20mF ;�(

 �% "A'= �)E
 ��%"G. ;��� "
� ���!%  &3���8�� �%"/�A��m*
�� &3�.]z�[.

1- Planar-E 
2- Poikilotopic 
3- Hypidiotopic 
4- Planar-S 
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&+8�� ��'3 �z����. z��� S)*"T),��
�6 ". ���-�!� ;�-+. �2:3 UV� ! ��A]�* �;. . .��

�t

=�� G�%�-'�XRD ���-�!� O%-�% *�". ��-� ;�(�}�% (�
"2��-�!� (KAB-42) 7 �(�
��X*!"2��-�!�(KAB-41) ��(�m. �
��Xm*%-�!�
 U��A�� �3-��](KKQ-36) �t(�8-� �3-��] �. �
��X*%-�!�(KKQ-20).

=�� @}�% (�
"2��-�!� �. �H��"�> �	�. �. $%��:�3 &���* ;�( W23)PPL 1q*% <". ��7"> ��.MKAB-42(7 �(���-�!� �% �
�'� Z
� ;�(
 �
��X*!"2��-�!� �
 �-+. W23 �H�� �	�. �. $%��:�3 &���* ;�( �%�)W23 ;�-� (�)��� �� �=%;&��!�)m3 �A
%��Xm*% ���m+= $�'�* �% )'��m�-

?�� �  &3 ;Z��MPPL1q*% <". ��7"> ��.MKAB-34.( 

=�� C}�% (���-�!� ;�(�-+.;W23 �'�� �H�� �	�. �. $%��:�3 &���* �� i*-A��)��� �� �= U��A�� �3-��] �. �%� ;��Xm*% ���+= �% ;%
&��!�)3) .?�� ��-'� � &3 ;Z��MPPL�-B <". ����3�.KKQ-36(7 �(���-�!� �. $%��:�3 &���* �8-� �3-��] �. �-+. �3�� �F i*-A� ;�(

�. �H��"�> �	�.W23 �'�� �F W23�%�) .?�� ��-'� � &3 ;Z��MXPL��-B <". ���3�.KKQ-21(.
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��)�G� ��%&:, �E�	� ��-6 $%"
% �*�)3 ���= ! �*�)3�-+. �+S� |�

����������
 ���� 
H F���� �
% 
 �%&�%;�% �m��-�!� O-m� �m
% �� �(�-+. ���mF |�� !"m2�� $

)��/������� $!"2�� ( �%&�% L
�-F v8-� �= �*% "���F ��-
;&)P t�-I �. �(�-+. �*%  &3 �
�'� .�. v+>% �(�-+. W2m3

 ��. ;�(�"� �. �)G)� ;�-+. � �8-� �3-��] !  �-. �� ��% �&��%
 �. ;��%-� �m'�� t�-mI W2m3 �"A0m� ;�m(�"� �m.  �m# ! �%�

��. U��A�� ;�-+.�
 &m3  & m). �&m�%%".�
�$M u��0mF �% �m(
�mm��-�!� 1-mm* O-mm� ;�mm()�mm��-�!� �mm
 �-mm+. imm*-A� ;�mm(

�
��X*%-�!� (�*% W20�)W2m3�x7.(�m
% �� ��%-m� �m�-#
 ���-�!� j�2RF WTm	 �% ;"A0m�. �%&mEF �mRY ;�m):� "m. �(

 ���-�!� �� ;�-+. �-H* �"A0� �m3-��] ! 1-m* O-m� ;�(
 ���-�!� �� �8-�  �-. 1���P O-� ;�( �m*% .�m	�. O-m� �m
%

 ��&m
"	 j�6�F-)
� �	�. a��E�]�[jm�6�F-)
� ;�m(�-+. �xA

�+:�* ! �"#]z�[�"m# ! �+:�m* �H�m� "�> �	�. �]�[!
�. �H��"�> �	�. -�!��� W23]zz[�*% ]z�[.

I�	" �H�� <"��(XRD) 
�F�,q[% D2
% -F"6 <%"6�%S)*"T), ��m8�� ! ��A]�m* �;

���-�!� ;�-+. UV� �( A]% ���m� �����%~m# .<%"m6 ;�m(Z����M
 D2
% -F"6��Z��-'� $�-. u��] �% $�)�'[% ;%". ��m�EF ! �m(

 ��-'� �#�-�M �%&�� ���m= �. �( 7�m�A�% �-mV)� �m. �m*� ;�m(
��-'� *�". ;%". v*�)� ;�(��(;����m. �6-F!Z
% ! �
��'�3 

��'(%��%� ]of[.�H] �!". �% ;"�#-+8 ;%".��m�-'� m(&m
�. �
N� �!&G� "
���� �
 N� &B�	)�_x`(&)3�. .&��m=% ��-6 �%

 ;!�(ZnO) sm�B� U�V)F ;%". ��!�� ��%&��A*% j
 $%-), �. 
��EB-��+B �"m[ "m. ! ;���2�% ;�( "m= ���m'AY% ;�mH] $�

 �.�8 �% �3�� �9�8�+B &m3  ��RAm*% �m( . �%� -mF"6 <%"m6 ;�m(
  ��. �� D2
% ;θ`��. °_ex_m3 �:\ &�& .�%&mEF`e�m�-'� 

%".;&m3 7��A�% D2
% -F"6 <%"6 Z����M &���-m6 t�-mI �m. !
&�&�M�� .�m�%!%"	 �B� ! �8-F &)����� �+Y"� �
% �m*% �
&m. �

 �%&�% �� �qA]% �= v�F"F;��-'� t%�� ;!�  &m3 ��-m6 ;�(
 �+B �Y��� �:�� �%~m#"�\^F Dm2
% -mF"6 <%"6 �% WI�Y ;�(

 �-. &(%-] .'� ��-6��- t&� �. �(oe��%`e�� �mF%�� ��m��B� 
�!&Y_�m� U(%"m	 $!"2�� &m)=]o�[.�% WmI�Y ;�m(�%�-'�
Z����M �:�m� �:*�G� �� D2
% -F"6 <%"6 ;�( ! ���m+= ;�m(

 ��-'� ���-�!� &)A	"# �%"B  ��RA*% ��-� �( .W23 ��`�%�-m'� 

XRD &m3 �9%�% �G. ��-� ���-�!� �A*� ���P &��m�%�% �� !
;�(�%�-'� W�+GF ! �
ZSF �% WI�Y Q
�A�XRD�*%  &�M .

��������������� 
S)*"T),����-�!� *�". ��-� ;�(��m�EB-� �m. �m8-F �m. 

s�B��+B)oe� (;�(�%�-'� ;!� �%XRD &3 �:*�G� .&I��
 ��-�CaCO3�m��-�!� �� m*�". ��-m� ;�m(��m. 

��EB-� �. �8-F�+B)oe�(�2:3 ����r �;%d(104)v�Y ". 
�mm���E� smm
"[ �% ! 1!"A�mm/�M;$&�mm�d imm*-F  &mm3 �mm9%�% �

&3 �:*�G�)����E�`.(W23 �%�-'�c��-m� &mI�� CaCO3

���-�!� �� �2:m3 ����mr �m8-F �. %� $%��:�3 &���* ;�( ;%
d(104)�� $�0� &(�)W23c:(

)`(
$M �� �mmm=M"mmm.%". ff/fff !B"mmm.%". JJ/Joox�mmm*% .

�2:3 ����r ;%d(104);%". �_e&I�� CaCO3�ÅKKb/`!
;%".__&I�� CaCO3�ÅJeo/`&�M �*� �. .

�2*!�(�'�= ! $&��d�)oJKe (!�-m� !`)oJcK ( !"m# �m*
U�� S)*"Tm), N�*% ". "
� �"3 �. %� ���-�!� �% �! �m	�. �

1&, �
 �-�Y;"��:F �-�Y �	"E� �("=�.
o(���-�!� �m��Y �m. jm
�Z� �-m+. �3�� ! ;"23 ��%� ;�(

S)*"T),�)_ex_o��-� &I�� CaCO3(�`(���-�!� ;�m(
 ;"m��:F �-�mY $!&m. �-+. Z
� U��m+= �% �m)> ! �m()_�x_b

��-� &I��CaCO3(�f(�m��-�!� �m.  %"m'( �-m+. Zm
� ;�m(
;"��:F ���Y �. j
�Z� ! �(S)*"T),�)_ox_`��-� &I�� 
CaCO3(&)A�( ]o��o_[.

���-�!� D2
% -F"6 <%"6 Z����M �% WI�Y Q
�A� &���m* ;�(
 �mmm
"2��-�!� �mmm= �mmm*% �mmm
% �% �=�mmmY $%��:�mmm3 ! �mmm(

 "m�> �
��X*%!"2��-�!� S)*"Tm), �)��/��m��bJ/_c &mI�� 
��-�CaCO3(�
��X*%-�!� !���Y �. j
�Z� �( S)*"Tm),�

)��/����JK/_` ��-� &I�� CaCO3(&)A�()a!&m8o.("m.
 �
"2��-�!� N�*% �
% �
��Xm*%!"2��-�!� ! �( �m. jm
�Z� �m(

 �% 1!�  !"# �� �m� �%"mB �-.Z� ;&). &m�"�# .�m*�". $�0m� �m(
 &mm)(�;�mm��-�!� W�20mmF U��mm+= ;�mm(  !"mm# �%�`)"mm�>

 
6- Lumsden                                               
1- Lumsden, and Chimahusky     
2- Morrow 
3- Mixing zone 
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&+8�� ��'3 �z����. z��� S)*"T),��
�6 ". ���-�!� ;�-+. �2:3 UV� ! ��A]�* �;. . .|z

S)*"T),�(�% ! 7-["� ;%-( ! 7M i
%"3 ��  ��m3 �m(;�m. 
�:�� Mg2+/Ca2+��
�6 �m�H)� W�:B �% ;7M gqAm]% ;�m(

 �
�
�� ! ;-8f�*% .���-�!� �%  !"# �
% WmY%"� WmI�Y �m(
 $M  �/A*�] !  �-. Z�h�
� ���!% ��m�� �Hm* jm
�Z� �( �m*% .

�8-F �. �
��X*%-�!� /�-/P �.�S)*"T), ��m. �:�m� "mA�. 
�
"2��-�!� �
��X*%!"2��-�!� ! �(  !"m# �m. jm
�Z� �( �% a!% 

 �� �� �%"B �-	 ;&).&�"�# .�m��-�!� �%  !"m# �
% �m( WmI�Y
�%Z�!��;D2E)m� ! &)A�m( ;"�]^mF �% �A�m(M &m3�  &m))=
a-+G� s�B� ;�( �:�� �.Mg2+/Ca2+��
�6 )�% "mA'= kq'AY%

j
 (kd�'AY% !�m�� d�m. ;�m()�% "Fd�m.���%"/�A��m* �m8�� (
&)A�( .�� "V� �. -+G� �
% &*�a7M gqAm]% �% sm�B� ;�m(-

7M �. ;-8 ;�( ;%-m( ! 7M i
%"m3 �� �
�m
�� j�F�
"	 ;�(
 �A	"# W23 7-["�&�% .*�".��(;?)* ��/�;Q
�mA� !XRD 

���= �-8! 1&, ���-�!� �� %� ;"��:F ;�( m*�". ��-m� ;�(�
�� &�
�F�= &)= ���0�;�m�H)� �� $&m3 �A��-m�!� &)
%"	 ;

7M gqA]% ;-8 ;�( �
�
�� j�F�
"	 !&3�. .Wm��� �
"mA'��
 �
�� 7M �% ���-�!� $&3 �A0�� 1&,�$-m
  ��E�% �-	 ��%!%"	 

�*% �
�� 7M �� t�R�-* .�� t�R�-m* $-
 �V+> 4(�= W',
 ! �
�� 7M��Z7M��%� ��. N-:G� ;�( ;%)�
�
�� j�F�
"	 (�.

7M �. gqA]% W��� ;-8 ;�()t�R�-m* $-m
 �% "��	 t&3 �. (
�� t�-I�"�# ]ob[.��'3&+# ! �-
�:AP-	)z��| (&�&�AE�
���-�!� j0m] ! 1"# ;%-( ! 7M i
%"3 �� �A	"# W23 ;�(

)d�. "��:F �"� ! d�. ;�-3(S)*"T), ���m. �:�m� ;"Fd�m. 

���-�!� 7M ! 7-m["� ;%-( ! 7M i
%"3 �� �A	"# W23 ;�(
 ��-'E� ;�
��)��
�m6 "m��:F �"m� ! a�m�"� ;�-3 (&m��%� .��

�� �-8-� U��+= $-
 v+>% ;"��:F i
%"3 ��3 �="m3 ;%". 
�A]�* ������= ;"��:F ;�()DX
h ! �
�&��% (!  &3 �"T�

 �� $M $%Z��  ��3 �B�. �� %&�6 4(�=  &��� &m)= .�m*�". ;�m(
  &mm)(� $�0mm� �-
�mm:AP-	;�mm��-�!� ��mm. g�mm:F�% �mm. ;�mm(

S)*"T),�;%-m( ! 7M i
%"m3 ! "Fd�. j0m] ! 1"m# )�"m�
 d�. "��:F (�-. .U(�m
% �m. %� �
�&m��% ���= �(%"'( ;! ��)P

 ���-�!� O-� �*�". �� ��( ?)* ;�( ��m/�;&(�m3 $%-m), �m. �
�"m= �	"E� �-] ;�,�% .U��m+= �%&m�� �m= �m*% &m�AE� ;!

 ;�-3 �. ���-�!� ��3;��%� g�:F�%  &))= �A��-�!� .�.�\ !%
 ;%-mm( ! 7M �� �mm= �"mm= �mm��-�!� 7-mm["� ;�mm()"mm�>

j
"A�-�2A*% (i�mG� �� !  �-m. vm��> U��m+= �% �m)> ;�m(
 ���-�!� v+>% j0] j
"A�-�2A*% k�:
"�F �( )A�m( &]o�[.�%

�mmm� !� �mmm
% �mmm,�% $%-mmmF"mmm=�mmm
%"2��-�!� �mmm= �! �mmm(
�
%��X*%!"2��-�!� S)*"T), ;%�%� �= ;�(��&)A�m( ��
�m6 

Z�h�m
� �m��!% WmY%"� �[)�
�m
�� (�
%-m( ! 7M i
%"m3 �� !
�A	"# W23 7-["�&�% .&)
%"	 D2E)m� �= ;"�]^F Z�h�
� ;�(

 &))= "�\^F ; ��m3 �m(;7M gqAm]% �% WmI�Y ! ;-m8 ;�m(
 �
�
���*% �m
"2��-�!� �&mS� �-+:F ! ���*"#� �,�. �! �m(

�
%�X*%!"2��-�!� �*%  &3 �( .�.-� �. "�% �
% vm8-� �-m] ;
S)*"T), 4
%Z	%����
��X*%-�!� �*%  &3 �(.

=�� GS)*"T),����-�!� *�". ��-� ��H)� ;�(��2:3 ����r ! ��EB-� �. �8-F �. �+B ;%)z��.(
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��)�G� ��%&:, �E�	� ��-6 $%"
% �*�)3 ���= ! �*�)3�-+. �+S� |�

�-���������� ����
 ��� 
���-�!� ;�-+. �2:3 UV� $%Z�� ���EF ;%". D2
% -F"6 <%"6

��%� �mm�%!%"	 <��% .jmm�2RF �mmS�A� ��$-�F�mm= �mm��Y �mm. �mm(
�GRI 7�F��. �,-'S� j
 ���-�!� ;�(�-+. �� ;% UV)m� ;�(

 �2:m3 ����mr �. g�:F�% �� ;��A]�* ;%d021�d015!d104�m. 
�� ��23M D2
% -F"6 <%"6 �%  ��RA*% �-3)W23K.(! O�mRF�%

 �+B �
% �:�� t&3 �� UV)� ;�(  �%&�% �� &�%-F �8�� ;"�#;
�2:3 UV�;-+. �"�# �%"B  ��RA*% ��-� ���-�!� ;� .�m8��;
�2:m3 UV�;�m+B t&m3 �:�m� �
"A0m�. ��m��-�!� ;�-m+. 

)eo_ (�+B t&3 �.)ooe (�*% .�m8�� 4
%Z	% �. �:�� �
%;
�� 4
%Z	% ����-�!� ;�-+. UV� &.�
)����E�f.(

)f(

�*�". �� $�0� �(���-�!� �= &(� &
% "�> ;�( aM)"�>
S)*"T),�(�8�� ;%�%� v+>% U��+= �% �)> !;�2:3 UV� -

;���-�!� �. �:�� ;"A'= ;�-+.  &
% ;�( &�% aM]o�[.
�% WI�Y Q
�A�XRD$�0�  &)(��2:3 UV� �8�� ;;;�-+. 

�
��X*%-�!� "Fd�. �()��/����J_/e(�
"2��-�!� �. �:�� �(
�
��X*%!"2��-�!� !�()��/���� bK/e(�*%  &))=&�9�F !

�*�". $���G� i*-F  &3 1�S�% ;�(�*% )a!&8o.(
���-�!�  &
% ;�( �= �)�
�6 ����. �%�M ;h"�% W��� �. aM

 ��+.�B ;%�%� !  �-. �%&
�6 ����. �2���)
�-�"F "V� �% �&��%�
 U= aqG�%A�( &)]��zz[.4(!56 N�*% ". &)� ;�()z�y| (

���-�!� -�-( ;�( UV� !  �-. U��+= �% �)> "r�Y &�, ! �*
&��%� �'= ;�-+. .���-�!� �
% v�="F ! ��A]�* "V� �% �(�

�'�� �
 ! �%&
�6�� �. &��%� W
�'F $��� �3~# �. !  �-. �%&
�6
UV)� ! �%&
�6 ���Y &)*". ;"F]�[.�
% �. �8-F �. �=

�
"2��-�!��
��X*%!"2��-�!� ! �( $%��:�3 &���* �(.�"A0 
��
�6 ;�-+. UV� ;%�%� ! U��+= �% �)>A�( &))�.&)� "V� 

&��%&
�6��(�� ��VA�% ��. Z�h�
� �	"0�6 ! $��� �3~# �. �!�
S)*"T), ! "Fd�. ;�-+. UV� ��%&
�6 ���Y�"Fd�. 

)�
��X*%-�!��((&)*"..

��2� � ��J" �J
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