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�-% �6#�X� �(� -�(.

3����#	67� 	:3(���4�\#(��1 !]\�*��� !�\���E !( 4
L*:�4��S$, �>.

�� 8� 
3(���4� -���# "# �22 ���/*	 0!#(��1!�;' B$# �( � 0ACE

�!�*��� �2 F*A#� �A78 �(-A�� �(�7C �AC>� >�(�E ��A!+!# 
>�!�6: �#( �-% G!D': .(
-���# "
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�!3(-�C>Q�7% /�%��*'^ �<*= _�% �7# �2 �8 �#( >
�@8 �!�*��� �6�� ?(� 0CE B$# �2 �2 ��A!�*��� �KA
� >�AC
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>�AAk� � �AA;	�  )�AA5�( 3-AA% �;!�*AA����AAC>>(�AA2 �:��AAT;� 
;#�l �A#( �-A% 3(*$, 3E ��&]Zm��[.���A8 �$!'A��N >�AC 

AA#� �AA2 a!�AA+8 h�AA$2�8!�+>3�7!AA# G!D'AA: � �AA!�*��� 
�: �( nL �+i�	o2 �#( "D7� �;!�*��� F*#� �$!'� �$j
 ��C

 F*#� �2 3��47C p�6
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� �Aq � >�(r 
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�I(�/ >�*7X� ��2*6X� ��#�� `!	� 3(�
( �#�$% ���^ � �#�$%�*+2 �+5� ��e


���� 9�� 
�2�*k$� �!�*��� �#��2 -���# >�C �3(���4� 
P ~�2 ]!�$-

#�$%��Q�7% �_�% �A2 �A7�2 >�;A#�� �A2 0A
�4� 3(��$P
�I�!	(��N ��,"�/f'[� °fZ�
�A!	(��N Q*Aq � ���7A% "

ff/[� '�f°��/�AA%�)GDAA%e(����AA< �AA2����AA;� 
-% �%(��2 �A8 Z�(� 3E �I(-A;2( �A;� A
�;!�*A��� -A=(� ]

.':!� G�-C�)GD%f.(: �JC�KAL "
( �� �(-Aj[��Ag�� 
�*��� �( ����!�!�E B�� �( nL �C �E Q*+X� �2 >4!�(4
4��/ "

a!A#�;L -!��!A# ��	 �]�e��f [�A2 ��!�A+8 J
(-AN �*Ak$�
 h�$2�8 � �!�*��� "ACE >�AC -�-A% �A#��2 �A/� �A2 �(� .���

 �!�*��� >-$2 �: >�$6� �2 �C!!B$# h(� >��&�)� GD% ���(-�(

 �AC�*+2 "!2 ���] (�[[1 �A%*I!7��A;	�  h�*Ai .�A2 �*Ak$�
 �*��� �: `!/� �#��2 A!�3E �;	�A2 UA2(�� �A#��2 � �AC �( �AC

 �'A2�� �A���;D�( �*D#��D!�SEM �A2 4A�5� EDS Q-A� 
Leo1450vp 1�AA;�� ��8(-AA= �AA2 35kv���E �� AA
4AA^�� ��&'>

AA#���	 ��&'AA�(��-AA% ���T;AA#( -�'AA� .�(-AAj:e��( �AA�*7� 
�!�*��� >�C �� 3(���4� -���#�Q*� HCl h-� �2 e�,�# 

$2 �2 n@# � -% G=!A7:( FrAN �$# F��O*A� Shimatzu 
AA-670/670G �Ai�$, 3(4A!� "!A!j: >(�2 Ca, Mg, Sr, 

Mn, Fe���E �� 
%*I1 ��&'!7�4!���E -�'� �#���	 ��&'�(� 
�#( �-%)Q�-N�.(

:4
;*S:
I(�Xi ��;!�*��� J�2 ���;X: �� ��*l�2 �( B$# �2 3(���4� -���# �-!2 "7P �:�$2�8 >�C(Jm2))*# �2 ��&�>Q�7% (.

:<
=j/*�!	(��N �!I����g$� �#��2 ��*� >.
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-+N�����7% �[�3�;��� �f�� �!�*��� �7!%*I1 � >��&� B$# �� 3(���4� -���# 0!#(��1 >�C. . .��f

:4
>�$!P 3*;# �7�2 ~�2 �� 3(���4� -���# �#�$% j/*� �^!��*7� ��*��� J�2 �� �C!;���;X: ���#( �-% ��'.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             3 / 12

http://ijcm.ir/article-1-412-fa.html


�I(�/ >�*7X� ��2*6X� ��#�� `!	� 3(�
( �#�$% ���^ � �#�$%�*+2 �+5� ��[

 (� ?;( 4!���E 
L*:�4��!�*��� O(*�( >�S$, ��!=�� �� �C�#��2 ��*� >.
Sample Ca% Mg% Sr (ppm) Fe (ppm) Mn(ppm) δ18O δ13C %o Type 
Mb-[ �/�m e/� DP1

Mb-� �/fe ��/� ��Z ���� �f Z/Zm �/e DP1

Mb-�� Z/fe [/� ��� ���e �� �/Zm f DP1 
Mb-e[ �/f� �/�� ��f �f� �e �/�m [/e DP2

Mb-eZ e/f[ �/�� �� Z�� [Z e/�m �/e DP2 
Mb-e� �/f� �� �� Z�� �e �m �/e DP2

Mb-e� S �/fe �� �� ��Z �f �/�m Z/e DP3

Mb-e� �/f� e�/�� �� �f� Z[ �m �/e DP2 
Mb-e� Z/fe f/�� �[ ���� Z� �/�m �/e DP2

Mb-e� S �/fe �/�� �� ��� �� �/�m �/e DP3 
Mb-f� f� �/�� Z[ [�e [[ �/�m �/e DP2 
Mb-f� �/fe �/�� �� Z�� �� �/Zm �/e DP2 

M-[ e/ff e/� ��� [�� �� �/�m e/e DP1 
M-� e/f� e�/�e Z�/��� �� �/[Z �m Z/e DP2 
M-Z �/fe �/�� �� �� [�/�e �/�m f/e DP2 
M-� �/ff �/� �Z Z� �� e/Zm Z/e DP1

M-� e/fe �/�� e� ��� �� �/Zm Z/e DP2 
M-� [/fe �� �� �Z� �/�� DP2

M-�� �/fe ��/�e f� Z[� ��� �/Zm �/e DP2 
M-�� �/f� [/�e � ��� �/[Z f/�m [/e DP2 

M-�eS �/f� f�/�� �� ��� f� �/�m �[/�m DP3 

�(-j: �&
� M�q �(e��2 �!�*��� ��*7� �-A% ��*L h�*i
�2 >4A8�� ��&'A
���E �A2 3K!�A8( � "2�8 �L*:�4
( �#��2 >(

�-D'�(� ̂ *: ��&'�(� )*+, >!*mF�A$!2 �A2 �8 -�-% Q�#�( "L(1
��N �$#�Q-� MAT 252-$;	�  �(�/ �#��2 ��*� .��"
( 

��8 ����e��+!� �( )�  ��*L ��*7���C �2 h-� e[�,�A# 
�X: �!W�: -!#( �� ]
�T�	 >��� e� �N��>�(�&!;��# �(�/ 

�( �: -$;	�  �� CO2��-% -,�S;� ��(-A�( �L*A:�4
( �6�A�-
�2 � >�!  ��*7�>�C ��(-��;#((VPDB) -�*% ��
��� )Q�-N 

�(.�AAA2��oAAA,�AAA�*7� ��AAAC>�*AAA��� !;�� �AAA2 !�*.AAA#��.
�*��-:�^!���E �� n���$
F*#� ��&' A#�$%�-�'A� ��&'A�(� 

-$;	�  �(�/ �#��2 ��*� .

��� ���	�
�A�g$� �� 3(���4� -���# �;!�*��� J�2 �A#��2 ��*A� >�(

�
s s U#*;� �;!�*��� >�C
��*: �: �(>�-A% G!D'A: �A#( .
(
�!�*��� "�	�2 �C �� 3�'� (� �,*$;� >�C �&��A!2 �A8 -$C�

.':!3E G(�% �� �C
�#( �+;�� U.( R�#( �2
�.$�*���!�-
'��N GD% �2 �C!$�
�2 �A# h�*i!3�7 �-A$$^�L �>��A	 >

� ���l
�-% �-+i( ���  �� �2 -�(��
��: �!�-% a-�( :

��������#	���@�� �*�� �� 
(Fabric selective dolomites):
�*���!�( �� �C
�2 O*� "2��;�( h�*i�'��N !l�2 "���(� �( -

�C>;+.#( �d �!;+.#( ��k�!^( �!�2 �)��*$
^(�2 ��I��*!�*AL*
 I(( �!-% -�� -�(
'��N G7, �!$��#( ��(� �� �$!�� �� U�	 .

(
�*��� "!�(�(� �C>�C�*+2 >hypidiotopic  �A: xenotopic 
E ��� � ��*23� �C!�#( �g�� �7 .�( �C�*+2 ��(-�(��� �: f�� 

�!�� 3��.�:!!-��)G.%[� �: ��( .(
��������#	A��* ��(Pervasive dolomites) :(
�*��� "!�C�

��!��(� � �$�C>.CE �W�: �X: (� !'A��N � ��(� �(�A/ �!$��A2 
 (�	 h�*i!�#( �.(
� K
� R�#( �2 ���  "�# �2 �;	�2 >�C
��: �;#�!� a��*%:
(�� B��)��6� D��@� �E �)� �������DP1:( (
�*��� "!��� �C
�AA�*7�;AA#� >��;�AA^�l BAA�� �AA2 >:AA!�AA�*7� �� � �� >

�!L*.#��.��2�*i �C�*+2 h>A� �-C�'� a^(�;� ��A^ -�*A%
(�(�>�	�2xenotopic �: idiotopic �AC��� �A2 >�A: �g�A� 

�!��(-AA�( �� � ��*AA2 �g�AA� �AA7 >�AAC���AA: e���!�� 3��AA.
�:!!-AA��)GDAA%�h �AA: �AA�( .(JAA�2 ��I�AAC�( �( AA
 O*AA� "

�*���!���(-�( �C �C�*+2 �2 ���2�� �*+6: �W( �� �C�*+2 >�%�� �:
�:!!�
�#( �;	� .
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-+N�����7% �[�3�;��� �f�� �!�*��� �7!%*I1 � >��&� B$# �� 3(���4� -���# 0!#(��1 >�C. . .���

:<
G�*���!��C>2��;�( �	�2 �2 �.F � ��( ('��N G7,!$��*��� !2��;�( �*q �2 ���� �� !�#( �;	�  h�*i �$�('��N!$����l �� �C>
;+.#(�)�2
�I��* ((
�#( �-% ��5.

:4
H�!�*����C> (�	 !Q�( O*� �(DP1).F � ��( (GDA% �A7!� �g�A� >�AC��� �A2 �*+2 U#*;� �: 4
� �!�*��� �( �L*D#��D!� �
��S: �(� 
�(�
*S:SEM�� 3�'� (� G�+�: �*N� � �g�� ��� �8 -C�h(�7� >*S: �( 0
�4� 
��.

B

PPL
0.5 mm 

A

c

XPL
0.5 mm 

PPL

D

XPL

A B

XPL0.5 mm 0.5 mm 

C

��� �

�

��� �

� �
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�I(�/ >�*7X� ��2*6X� ��#�� `!	� 3(�
( �#�$% ���^ � �#�$%�*+2 �+5� ��Z

 I�� B��)��6� �
�� ������� :(DP2(
�*��� O*A� "A!��( �AC
�;�(�(�	
�*��� O(*�( "!��# �� �h�*Ai �2 �^ �#( 3(���4� -�
 F���(fabric destructive)2 �( �,�2 !��( �	�2 ";	� "A!�>

�2 � �-% B$#  (�	 h�*i!�� G^ �!�A#( �A;	�  �A2 �� (� �$
�2�*q>�*��� po��^ B$# �(4N( )�7: �^!;��-A% -A�()G.A%
Z.((
�*��� O*� "!�A�*7� �� �;A#� >��;�A^�l BA�� �A2 >

# �k� �( � "%�� �2 �;'!2 >��&� B$ �C�*+2 h�*i>�A2 a^(�;� 
�AA	�2idiotopic �AA: xenotopic �*gAA# �AA2 plannar-e �AA: 

plannar-s �
� �-��*%)GD%ZF � ��( .( �AC�*+2 �l�2 ���
�2 GDA% �A2 � �g�A��!d h�*Ai 4A!� ak$��A� � �-A!7l >�AC

 �� �-C�'� -�*A%)G.A%Zh � �.(�A!�*��� >�C�-AI*6���
 �( �� ps*7j���(- -A��(� �*AN� h��T;� >�C)"!A2e�� �A: ��� 

3��D!� .( �!�*��� "
( �� G�+�: � �A#( G�+�: 4
� O*� �( �C
 ��g$� ��  3E �� >-$2 �2 �C �� �-C�'� �2*l�*% .( ��
O*A� "

�*���!X6% ����(� �( �C>.CE �^( G��% !I(( � )��*A$ A!� -A!4
� �-C�'���A2 �A^ �*A% A� �Ak����( ����Al� -A#� A!�3E�AC

bioclast packstone  
�bioclast wakestone�#( ��*2 .
I�� B��)������� ����@
(DP3:��*7� �� �!�*��� O*� "
( >

�*��� �2 �6�� �;#�!�"%�� �&
� >�C �A#( �: .�A�*7� �� >
�L*D#��D!� �2�-A$$8 �L h�*i �C��A	 >>��Al ��A � �� �AC

�&;�D% �� �-
� �C �*A%)GDA%��A�( .(��(-A�( �AC�*+2 >>
�*���!2 �!"f�� �!��-= �: 3��.�;��# !�: �� �;7!!�#( �

&;�2 �^��C��A	 ��(-�( �2 >��Al ��( YA+d( � �;A%(� �*AN*� 
GD% �7!� >�C�*+2 �-A% G!D'A: �g�A��� ��� �2 �(� -A�( ."A
(

3�7!# �2 ��  �C 6#( "
� h�*i�(saddle) �� �-
� �A8 -�*%
 3E >�*+2 �*g# �2 �Ci(�(� � �-A!7l h�*>�N*A� �A%*��l 

�#()G.%�F(]��.[

:4
J�!�*��� �C> (�	 !)�� O*� �.(DP2) ��( (��g$� �*N� � �%��# "
�*+2 >�C��� �2 ��(-�( aC �%�� >�C�*+2��N� �*� �� >-$2 ��CF(
*S:
�SEM ��g$� �*N� ��*��� �� >-$2!� 3�'� (� ��-C��(�C�*+2>�*��� �%�� !A%(*= �A2 ��� �g�A��� h(*SA:
�SEM >�AC�*+2 �( 

� 3�'� (� >�*+2 "!2 G�+�: �^ �!�*����-C� 

C

XPL 
0.5 mm 

BA

XPL 
0.5 mm 

D�

��� �

�
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-+N�����7% �[�3�;��� �f�� �!�*��� �7!%*I1 � >��&� B$# �� 3(���4� -���# 0!#(��1 >�C. . .���

:4
K�!�*��� �C> (�	 !)*# O*� �(DP3) .��( (�2 �^ �!�*��� >�C�*+2 ���8 �L (� ���l >�C��	 3�7!# h�*i �-�(F(
� �!�*��� �6A#( "
)(saddle � �#( ��(�X2 >��� �( �:s�2 >��� �� G!D': �( �8�= � �;%(� �g�� �!d �	�2 �8 �(*S:
�SEM�*��� �( !)*# O*� �.


��
��� 
�$6� �2>�;�
�A2 >��&� B$# �O(*A�( �I�A#�$% � �-A�E �A#�

�!�*��� �+;��=�� �� �C!���E ��#��2 ��*� �!>�S$, 4(Mg, 
Ca, Sr, Mn, Fe) �L*A:�4
( �(δ 18O, δ 13C) �A!h�*Ai 4

�;	�  �#()Q�-N�.(
�� 3�'� >�S$, 4!���E � �^ -C�!$� 3(4!4
�( a��A: �/�e 

�: �� -Ai�� A!! ( �AA^ �A#( �A
�*��� �� �(-A�� "A!Q�( O*AA� �
�;7^
�(-�� ")�(%�*��� �� �!2 )*A# O*A� �A!�;'
�(-A�� "

)�/�e (% �AA#()Q�-AAN�.(�AA! �AA+^ -AAi�� 3(4!� a( �AA
 "
�*���!�� �C!�( 4f��:f[�: �� -i�� !!�#( �.

�;78 )*!��(�;#( 3(4!� B$# �( �DCE >�C]�Z[�( � ��*A2
 ��-=e��A: ��� ppm)"!&��A!��Zppm(�A#( �A!!�: �� .

�!�*��� �� )*!��(�;#( 3(4!� 3�*2 "!I�L �A�g$� >�C ��*A� >
�A2 0ACE B$A# �A2 �6�� �#��2 �A;78 �A
�*: Y
�A< �A+,

�AA!�*��� �� )*!�AA�(�;#( �AA#�C]����� [�AA
 )*!�AA�(�;#( (�
 �A!�*��� �� a!�A+8 �(-A�� �8 �5�E �( � �-% a!�+8 "!'��N

 � �!�*��� �� )*!��(�;#( 3(4!� ��#( �!�+8 �S�!�( �;78 4
�#( �!�+8 .)*A# �A: Q�( O*� �!�*��� �� )*!��(�;#( 3(4!�

:�: �AA2AA! Y��� �Z����ppm�AA#( .AA$^(�L �(�*AA7� -�
a
4AA!$� �AA2 �6�AA� )*!�AA�(�;#(�AA� 3�'AA� �(-AA�� �AA8 -AAC�

 �� JC�8 a
4!$� J
(4	( �2 )*!��(�;#( -2�
)GDA%�.(3(4A!�
Mn �!�*��� �� �C>��� �� �#��2 ��*� 
0ACE B$# �2 ��-

�#( �;'!2 3(���4� >�C]�Z[��-= �� �f��A: ��� ppm 
)"!&��!� Z[ppm(�� 3E "!&��!� �8 �#( �!!�: �� �: Q�( O*�

 Y!:�: �2 )*#�������� ppm �#( �!!�: �� .�(-A�� �(�*7�
 -$^(�L�Mn �� 3�'� a
4!$� �2 �6�� 3(4!� �8 -C�Mn �2 

�� J
(4	( a
4!$� J
(4	( �&
-AD
 �A2 �7!�;�A� ��6:�( � -2�

-��(� )GD%�.(3(4!�Fe�!�*��� �� "!2 3(���4� -���# >�C
Z� �: ���� ppm�!!�: �� -$��7C �^ �#( Mn(�(� >��6:�( 

�;��!7��2Mg �#( )G.%�(.
���E!�� 3�'� �L*:�4
( 4�8 -C� �$�(� h(�!!�: >18Oδ�� 

�!�*��� "!2 3(���4� >�C�m�:��m�(4C �� PDB �!!�: �� 
�2 �#(�*q>(�(� )*# O*� �8>�;D6# 
�#( �(-�� ".3(4A!�

13Cδ�!�*��� �� �C>��g$� � >�: �A$�(� �#��2 ��* A!! h(�
I�L!$�( �2 �6�� (� 
�^( �*:�4!A� 3�'A� 3K�"!A2 �A^ -AC�
�[/�m�:�/e�#( )Q�-N�.(

0.5 mm

B

XP

A

XP

C

0.5 mm

�

��� �

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             7 / 12

http://ijcm.ir/article-1-412-fa.html


�I(�/ >�*7X� ��2*6X� ��#�� `!	� 3(�
( �#�$% ���^ � �#�$%�*+2 �+5� ���

 

:4
L�
���� h(�!!�: Sr, Mn, Fe �2 �6��Mg.

0
20
40
60
80
100
120
140
160
180
200

8 9 10 11 12 13

Sr
(p

pm
)

Mg %

DP1

DP2

DP3

0
200
400
600
800
1000
1200
1400
1600
1800
2000

5 7 9 11 13

Fe
(p

pm
)

Mg %

DP1

DP2

DP3

0

20

40

60

80

100

120

8 9 10 11 12 13

M
n(

pp
m

)

Mg %

DP1

DP2

DP3

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

31
 ]

 

                             8 / 12

http://ijcm.ir/article-1-412-fa.html


-+N�����7% �[�3�;��� �f�� �!�*��� �7!%*I1 � >��&� B$# �� 3(���4� -���# 0!#(��1 >�C. . .���

���	<ME ������ :��
j: >(�2!!��� ">.': !�*��� G!�	 �A���j� �( �A
-�( � "� A! G

]��[�#( �-% ���T;#(:
δ 18O dol – δ 18O W= (3.2* 10 6/ T 2) – 1.5

( ��
����j� "δ 18Odol( �(-��
�A^( �*:�4!�*��� 3K A! �A2 �
Y�=PDB �δ 18OW( �(-�� 
�A^( �*A:�4!3�A�� �� FE 3K
#(��1!Y�A= �2 ]SMOW �T�A�� >.'A: !Y�A= �A2 G
�N��*+^ >
�#( ".

�(-�� � ((
�^( �*:�4!�*��� O(*�( 3K!��C>=�� !���*� >
����j� �( ���T;#( �2 �#��2 �*��� ��*% �6#�X� s�2 >A!��AC>

Q�( O*�C°���*��� �!)�� O*� �C°Z[�*��� �A!)*A# O*A� �
��;��# �N�� ��2 �(� -�E -C(*l �#� .


���� � N-� 
T+: �2 �N*: �2!`��(� �AC>B$A# ��A&�>A%*I1 �!7�A% �(�
U

.':!�*��� O(*�( G!��C>=�� !�� ��A% �A2 �#��2 ��*� >A
�
�#( :
����� O���O#	��O�@�� �O*�� �O� 
:��A  � �+6!A#)���� (

( G!D'A: >(�2 �T+;�� >�C-$
(�	 A
 �*��� O*A� "A!��AI(�( �AC
���8-�( .�A� �$!�� �-%�6� O�6%( �2( ��# �!�*��� Q*+X� � (-

G!�	 ��� �*% �;!�*��� -�(*: � �C �� �/�2 �-'� �;!�*�� -A���
)G.%[��(.(�( �A+  �A$!�� � ( G!�A	 � ��;!�*A (�E �A!� �AC

 �� �!�*��� �-$%�2 �;!�+8 �A2 -A�(*: �A$!�� �� �2�A�;�( �*Aq
 �;�C �;!�* (�E ( �^ -$8 �I(�
�*��� �� �k� "!��C>3(���4� 

�2��!��^ G�#�$%���( !�* (�E �*+�� �A!�m�A+^!�]�Z�e� [
G7;X� �:�#(.
��������#	A��* �(�� B�� �(DP1):��(-�( �2 �N*: �2 p�;6�A� >

�
� � 4!G.% �7 � 3�*2 s�2 � �C�*+2 3�*2 �(�!3(4Sr)�A!&��!"
���ppm(I�L �!6�� 3�*2 "��!3(4Mn)ppm��(( �
O*� "

�*���!(�% �� �
.'A: `A7, aA^ "	� U!�-A% G-A�( .-Ai��
$�!4
�+^ � a!� 3�'� a��A^ -AC� (A
�*��� "A!�A2 �h�*Ai
�L��
( �A^ ��*2 �l�$% ��
��� � �(- A
 2 �A��= "A!JC�A^ �&��

 �6��Mg/Ca q�.': !�#( G]e�.[�*��� �*N�!�(�A7C �
;#( �2!�*+!� �!( 4
(�% "
I�: (� U!� -�-$^.

� 3�*2 s�2!��(�;#( 3(4!( �� )*
�*��� "!�A� 3�'A� �C�-
Q*+X� �^ -C��C>rAT$� >(�(� >�A!3(4Sr/Ca 2A!�;'>��

���
�� FE �2 ��
-$;�C �.(
(�% "
A� (� U�^�: �A2 3(*A: A! Y
��^�#�$%���( !��* (�E >A!�m�A+^!Aq ��A#(��1 !]]�Z[

�(� �6�AA� .( ��AA
�*��� O*AA� "AA!� �AA! 3(4δ18O�AA2 �6�AA� 
�*���!�=�� �� �&
� �C!�&$# �#��2 ��*� >!"�A2 � �A: �*Aq

U#*;� %0ZmPDB �#( ]ee.[�$�(� �: aA^ >A!! h(�13Cδ
�!�*��� �� 3�'A� ��g$� >�C A��E �A^ -AC�F���7A#E >�AC

 �W*� J��>.': �� !3E G�;A%(-� �C -A�()GDA%�.(�A2��A!G
I�L!� 3�*2 "!( �� �4$&$� 3(4
��*7� "�*� �C!����$��-C�'A� 
7���*% .�A��>.'A: !( GA
�*��� "A!�C°�� �-A% �6A#�X� 

�#(.
������� � ��A��* 	�# I�� B�:(DP2).': !( G
�*��� "!��AC

�������# �!�*��� ���% � -% O�6%( 3(4!� �8 �#( ��(� �� 
�#( ��*2 s�2 .(4	(
��(-�( J�A	�2 �A2 �AC�*+2 >xenotopic �
J�2 �� 4!�I�C�A� 3�'� �>-$2 ��g$� �*N� �( �A^ -AC� A
 "

�*���!�W�A: �X: �C!��A#� � ���A;	�  �(�A/ -A�(]ee.[-A%�
 �2 >�C�*+2 �!�*��� O*� "
( �� GD%3E G!D': >��� �2 �C �AC

�!��(� ��6:�( 4]ee.[��(�X2 >��� �( �:s�2 >��� ��)�( �:s�A2
Z� �N�� �(�&!;��# >(a:( ��2 �C ��;�  �*q �AC�*+2 �g# �2 >(

 �� �,�2 � �-% �	�<( �� � �*'A� G!D'A: �C�*+2 �*N� �8 �*%
 GD% �2 Gi�= �	�2 �5!;� 0!I(�*� >�C�*+2 � �-% �! �� >�C

�2-
E �� GD%]ee.[

:4
P�
���� a!#�:18O δG2��� �� 13C δ�!�*��� O(*�( �� �C.
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�I(�/ >�*7X� ��2*6X� ��#�� `!	� 3(�
( �#�$% ���^ � �#�$%�*+2 �+5� Z��

�#��2 �� 3�'� �C � �g�A��!d �A�(� �A%�� �	�2 �8 -C�
�2 0CE B$# �$!'��N �W( �2 �GD% ��( >�C!�:s�A2 >�A�� �� �
�(Z��N�� �;��# >�(� ]ef[`A7, aA8 "!	-A: U
(�A% �� �

.': �$!'���	 �q!�-% G-�( .�!-i�� 3(4Mg �Ca( �� A
"
�*��� O*�!:�: �2 �!Y���fe� 3�'� �^ �#( -i�� �-C�

 �*��� -���!;��L �7# �2 3-% 
�(->�A�
� ���= ��l�$A%
�#(]e[.[

( ��
�*��� O*� "!� �!-i�� 3(4Ca � � �;7^ !-i�� 3(4
Mg 2!�#( Q�( O*� �( �;' .�!( 3(4
�A^( �*:�4!-Ai�� �A2 3K 
Ca -i�� �2 � �6�� ��6:�(Mg A� 3�'A� 3��(� ��6:�( �-AC�

 *� �^
�L -
( 3-% �(-
�*��� "!�q �C�	-A: !�A#( "]��.[
�!3(418Oδ( �� 
�*��� O*A� "A!� ��-A= �� �A!&��!"PDB 

%o �/�mA+6/ O(*A�( �2 �6�� �^ �#( �JC�A^ 
A#( �A;	��.
( 3-A% ]6#
�A^( �*A:�4!A� 3K��� �A2 -A�(*: A! �: GA!! h(�

�
;�1�!.�)� ���2�� �*+6:
	�*�*t� �!a�(�*���!��C>Q�( O*� 
q ���	-: !2 `7, �� "!-%�2 �;' .

13Cδ��(
"�*���!��C�:!!�;7^ h(�>� 3�'� (� �-AC�
 ̂ �= �^�( �( 
� �^ �#( "!3(413Cδq�	-: !�: �A;7^ "A!! �

��-$^.�2 +^ �*q�(
( Mol �2 "2�^ �*:�4
�A^( �*A:�4!3K
	-: )�&$C!�: "!!7^ h(����(� .
( ��
�*��� O*� "!� �!3(4Sr A+6/ O*� �2 �6�� �JC�A^ 


�;	� )��ppm(� �!(4A	( 4$&$� 3(4
J
( �A^ �A#( �A;	� A
 "
� (� ���=�(�% �2 ��6:�( �� 3(*:
=( UA!I��AX� �!	-A: U!$�

���(�.( ��
�*��� "!�� �C!�A2 4��A!7, "A	� GA!(�A% � `
U
=(!I��C s�2 !�#( �-'� �-C�'� ���'	�*� �.�A��>�6A#�X� 

(�2 �-%>.': !( GA
�*��� O*A� "A!�Z[�AN�� ;��A# >!�(�&
�#( .(�2�$2
q O��2�� �*+6: �*N� -C(*% "�	-: !( �� "
O*� "
�*���!� (� ��(4	( �2 3(*:
��(-�( �� J3-A% ]6A# ��AC�*+2 >

�AA! 3(418Oδ� �� JC�AA^ �AA! 3(4Sr(4AA	( �
� �� JAA! 3(4Mn 
�(� 3�'� .

I�� B�� �������(DP3):3�7!# "
�AlE ps*7j� �;!�*��� >�C
 �!�*��� G!D': G�� �2 -$;�C �C�*q>GDA% O*A� �!C �^ -

3E �� ���2�� �$!'��N >�C �A7� �-A
� �C �*A%]e�.[O*A� "A
(
�!�*��� �2 0!L*:*�� �	�2 >(�(� �8 �C ak$��A� "
�*+2 >�C���

 s�2 >��� �� ��#(>°C�� �( J!A2 ��A  �;= ���� �AN�� >
.'A: �(�&!;��#!A� G��*A%]eZ�e� .[ �( )*A# O*A� �A!�*���

06# 3(4!� "
�:18Oδ%0PDB) �/�m(A� �8 -��(��*l�2�-
(4	( �+, �2 -�(*:
(4	( �2 3��47C ��� J
�A#( "!	-: `7, J.

( ��
�*��� "!��;Sr �A;7^ 
�(-A�� ")��ppm(��A= ����A^ 
Mn)��ppm(2!�;'
�*��� �2 �6�� (� �(-�� "!��&
� >�C

�#(�(� .�2+^ �*q��#��2 R�#( �2 � �A2 �A^ >�C!�*.A#��.
�*��-:�^!�*��� O(*�( �� n���$!��C>��g$� �A#��2 ��*A� >

C -% )�5�(!( �� ���'A	(�*� �A�*  �A
�*��� "A!��-C�'A� �AC
7��� �^ �*%�:� 3�*2 s�2 -�(*!3(4Fe � �!`A7, 3�*A2 s�2 4
	-:!-%�2 ".

Q)���� 3��@��R 
�*��� O(*�( >(�2 ��!� ��*� a
4!$� ��&;#�l!��C>=�� !��*A� �

� �#��2��(� �( -�(*: -A%�2 �;	�  GD% �+;�� >�C.�� FE A
��
�+^ QoX�(!(�(� �>$�!4
Aq s�2 a�	-A: !"]Z�e�[� �A
4�1�

��^��C>#��% �� !G�C>"
�A
� -���# ]���e� [�2(�*A% �-
�C>�<*= (>]��f� [��(*� �(>� �^ �#( �.'A: �� -A�(*:!G
(
�*��� "!�7�� J�� �C�-%�2 �;%(� .A% �^ �5�E �(!G�AC>

2 "7P -���#!Is�A2 �(-�� �( -���A^ �A#� ���A#( �(��*Al�2 
-6:
;.7#( G!( �2 �
+!q ��	-: !"
.��;+7;X� �( 
�2�$� "
��:!$� "!4
.': �� a!�*��� G!��C>=�� A!��A#��2 ��*A� >

�#( .�#��2 ����;D�( �*D#��D!� >�C(SEM, EDS) �*N� 
���8 �: (� �!�*��� >�C�*+2 "!2 �� �#� >�C
�A� -! �A8 -A$8
*�
-�A#( 3-A% �;!�*��� >(�2 a
4!$� ��&;#�l)GDA%��
��(mF.(

�
���� 
�!�*����C>��A;X: J�2 �-���A# _�A% Q�7A% �� 3(���4A�

 �2 �;'!2 3(��$P 2��;�( �$!'��N h�*i��A
 (�	 �A!.'A: �!G
�-%-�( . (�	 O*�!�*��� G��% �!��C>�(�
�*A+2 UA#*;� �: 4

&$# �2!�;$
( �(-�� "
�^( �*:�4!3Ke(�(-A�� �A2 �*+2 �%��
 � Q�( O*A� �2 �6�� �;.6# 3K!�8( �*:�4
(f(�A: �A
��� ��

 �2 �$!'� �*q >�AC�*+2 G!D'A: �A8 ���l >�C��	 �� a!�;��
 �5!;� � �#( ��(� (� �!�*��� �%�� �:s�2 >��� �� G!D': >

�(ºC�� �*A:�4
( 3(4A!� "
�A;78 �A!�*��� O*� "
( �8 �#( 
�#(�(� (� 3K!�8(.�!�*��� "
( O*$: �� �A!!�: R�A#( �A2 �AC

 
(�% �� G!D': �&��!2 �8 �#( >�*+2 >�C��� � ��(-�( �GD% U
�#( h��T;� "!	-: `7, � 4�1�
�.
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-+N�����7% �[�3�;��� �f�� �!�*��� �7!%*I1 � >��&� B$# �� 3(���4� -���# 0!#(��1 >�C. . .Z��

:4
 ;S��( (�
��S:SEM���E �!4EDS�!�*��� �*+2 �( .F(�
��S:SEM  ��A�E �!4EDS �A#� ���A8 �*�A=�( )�!;D7A#( (�A$!�� �� >
� 3�'� (� �!�*����-C� 

-$P
3-A% �;!�*��� ��N ��!� ��*� a
4!$� >(�2 ��&;#�l "
�� �-% �;	�  �k� �( -$:��6, �8 -�(�(FE �� �*AN*� a
4A!$�

 �
��e(G
-6: �( Gi�= a
4!$�HMC �A2 LMC f(a
4A!$�
 � �( Gi�=
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