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granodiorite granodiorite granodiorite granodiorite granodiorite granodiorite granodiorite granodiorite 
Grt Grt Grt Grt Grt Grt Grt Grt 

SiO2 �n/cn n�/cn ��/cr ��/cr c�/c� �r/cr nk/cn �n/cr 
TiO2 �c/� ��/� ��/� �n/� ��/� ��/� ��/� ��/�
Al2O3 kn/�� kc/�� k�/�� n�/�� �n/�� nc/�� k�/�� k�/�� 
Cr2O3 ��/� �n/� ��/� ��/� �r/� ��/� �r/� �r/�
Fe2O3 ��/� ��/� ��/� �n/� kn/� �r/� �n/� ��/�
FeO c�/c� n�/cc cr/ck n/ck �c/�� kn/ck ��/c� ��/cc 
MnO c�/� r�/k �r/c c�/c �k/�� ��/c n�/r �k/k
MgO ��/� ��/� �r/c cn/c ��/� c�/c ��/� r�/�
CaO �k/� �k/� ��/� �r/� ��/� ��/� �k/� �r/�
Total �r/��� ��/��� �n/��� n�/��� ��/�� k�/��� rn/��� kk/��� 

Si �nk/� �k�/� �n�/� �kr/� �k�/� ���/� �k�/� �nr/�
Al iv �cn/� ���/� �c�/� ��c/� �n�/� �k�/� �n�/� �cc/�
Al vi ���/� �rn/� ���/� �r�/� ��n/� ���/� �rc/� ��k/�

Ti ���/� ��n/� ��r/� ��k/� ��r/� ��r/� ���/� ���/�
Cr ���/� ��k/� ��c/� ���/� ���/� ���/� ��k/� ��k/�

Fe3+ ���/� ��c/� ���/� ���/� ���/� ��k/� ��n/� ��n/�
Fe2+ ���/� �n�/� ��k/� c��/� ��k/� ��k/� �nk/� �n�/�
Mn �r�/� c��/� �k�/� ��c/� rrr/� �cn/� ���/� c�r/�
Mg �c�/� ckr/� crr/� c��/� �k�/� c�k/� �k�/� c�r/�
Ca ��r/� ���/� ���/� ���/� ��r/� ���/� ���/� ���/�

Total ��r/� ��r/� ���/� ���/� �c�/� ���/� �c�/� ���/�
Almandine cn/n� ��/rc �n/r� ��/r� ��/nk ��/r� kk/r� ��/rk 
Andradite ��/� nk/� ��/� r�/� kr/� ��/� ��/� c�/�
Grossular ��/c ��/� ��/c ��/� �c/� ��/c c�/� �r/�

Pyrope rk/r ��/�� n�/�� �c/�c �k/� c�/�c k�/� �k/�� 
Spessartine ��/�� ��/�� ��/� ��/r k�/�n �r/r r�/�r �c/�� 
Uvarovite �k/� ��/� �k/� �k/� �k/� ��/� ��/� ��/�

Spessartine + 
Pyrope 

��/�r r�/�� ��/�� ��/�� kn/c� �r/�� �c/�n �r/�� 
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pegmatite pegmatite pegmatite pegmatite pegmatite pegmatite pegmatite pegmatite pegmatite pegmatite pegmatite

Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt 
SiO2 ��/cn rn/c� ��/cn �r/cn ��/c� ��/cn �c/cn ��/cn ��/cn �k/cn �c/c�
TiO2 ��/� ��/� ��/� ��/� �c/� �n/� ��/� ��/� �k/� �r/� ��/�
Al2O3 ��/�� ��/�� ��/�� ��/�� �r/�� ��/�� ��/�� �k/�� ��/�� ��/�� ��/��
Cr2O3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/� ��/�
Fe2O3 ��/� ��/� ��/� ��/� ��/� ��/� ��/� c�/� ��/� ��/� ��/�
FeO �r/cc n�/cc r�/cc ��/cc �k/c� cc/c� ��/c� ��/c� �k/c� c�/c� kn/c�
MnO k�/� ��/� rc/� cc/� r�/� kc/�� kr/�� �r/�� ��/�� �n/� ��/��
MgO r�/� ��/� rr/� rc/� r�/� nk/� ��/� n�/� ��/� n�/� n�/�
CaO c�/� �r/� c�/� c�/� c�/� �k/� ��/� ��/� �r/� c�/� c�/�
Total ��� ��� ��� ��� ��� �k/��� ��/��� ��/��� rk/��� k�/��� ��/���

Si ��n/� �c�/� ���/� ���/� �cc/� ���/� ��c/� �k�/� ���/� ��c/� �k�/�
Al iv �kk/� �n�/� �k�/� �k�/� �nr/� ���/� �kr/� ���/� �k�/� �kr/� �n�/�
Al vi ��k/� ���/� ���/� ��r/� �r�/� ��c/� ���/� �rn/� ���/� ���/� �r�/�

Ti ���/� ���/� ���/� ���/� ���/� ��c/� ��c/� ���/� ���/� ��k/� ���/�
Cr ���/� ���/� ���/� ���/� ��c/� ���/� ���/� ���/� ���/� ���/� ���/�

Fe3+ ���/� ��c/� ��r/� ���/� ��r/� ��c/� ���/� ���/� ���/� ���/� ���/�
Fe2+ c�c/� c�k/� c��/� ��k/� �kr/� ���/� ���/� ���/� ���/� ��k/� ���/�
Mn ���/� ���/� n�c/� nkk/� nr�/� r�c/� r�r/� rn�/� rck/� n�k/� r��/�
Mg ���/� ���/� ��k/� ���/� ��r/� �r�/� �r�/� �rc/� �r�/� �r�/� �r�/�
Ca �c�/� ��k/� ��r/� �ck/� ��r/� ���/� ��r/� ��c/� ���/� ��n/� �cc/�

Total ��c/� �cc/� ���/� ���/� �cn/� ��k/� ���/� �c�/� ��c/� ���/� �cc/�
Almandine ��/r� kn/r� k�/r� ��/rk �c/rc kn/r� k�/r� ��/r� ��/r� �r/rc cc/r�
Andradite �r/� n�/� ck/� �r/� rc/� �n/� ��/� c�/� ��/� ��/� �c/�
Grossular rn/� ��/� �k/� �r/� ��/� �n/� �n/� ��/� ��/� �c/� �r/�

Pyrope ��/c c�/c ��/c ��/c ��/� nk/� k�/� kr/� kk/� n�/� n�/�
Spessartine ��/�� c�/�� k�/�� r�/�� ��/�c k�/�k n�/�k ��/�� ��/�k �r/�c ��/�c
Uvarovite ��/� ��/� �c/� ��/� ��/� ��/� ��/� ��/� ��/� �n/� �c/�

Spessartine + Pyrope ��/�c rk/�c n�/�c r�/�k �n/�n �c/�r ��/�r cn/�� c�/�r �k/�� �k/�n

2��� �0���3
pegmatite pegmatite pegmatite pegmatite Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels Hornfels

Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt Grt 
SiO2 �n/cn ��/cn �c/cn �k/c� �c/cr �r/cn �c/c� c�/c� ��/cn ��/cn ��/c� �r/cn
TiO2 �c/� ��/� �k/� ��/� ��/� �k/� �k/� ��/� ��/� ��/� ��/� �n/�
Al2O3 ��/�� ��/�� �c/�� ��/�� ��/�� ��/�� ��/�� ��/�� ��/�� c�/�� n�/�� kc/��
Cr2O3 ��/� �c/� ��/� ��/� ��/� �c/� ��/� ��/� �c/� ��/� �k/� ��/�
Fe2O3 �r/� �k/� ��/� �c/� ��/� c�/� kn/� ��/� k�/� ��/� k�/� �n/�
FeO ��/cc c�/cc �n/cc ��/cc k�/�� n�/cc ��/c� ��/c� ��/cn rk/cn ��/cn �n/cn
MnO ck/� �n/� �n/� k�/� �k/�� cc/n �k/k ��/c r�/c r�/c nc/c rn/c
MgO n�/� r�/� r�/� �c/� k�/� r�/� n�/� �r/� n�/� n�/� ��/� nk/�
CaO cr/� kk/� c�/� c�/� �c/� ��/� ��/� �k/� ��/� �n/� ��/� ��/�
Total ��/��� k�/��� ��/��� �c/��� ��/��� kc/��� ��/��� ��/�� ��/��� �r/��� kk/�� cn/���

Si ���/� �k�/� ��n/� �cr/� �n�/� ��c/� �c�/� ��c/� �c�/� �kr/� ���/� ���/�
Al iv �k�/� ���/� �kk/� �nc/� �c�/� �kr/� �n�/� �rr/� �r�/� ��c/� �k�/� �k�/�
Al vi ��c/� ���/� ���/� ���/� ���/� �rk/� �n�/� �cc/� �n�/� �rn/� �n�/� ���/�

Ti ���/� ���/� ���/� ���/� ��n/� ��c/� ��c/� ���/� ��n/� ��n/� ��r/� ��k/�
Cr ���/� ���/� ���/� ���/� ���/� ���/� ��n/� ���/� ���/� ���/� ���/� ��c/�

Fe3+ ��k/� ���/� ���/� ��k/� ���/� ���/� ���/� ���/� ���/� ���/� ��n/� ��k/�
Fe2+ �n�/� �r�/� �rc/� c�c/� �c�/� ���/� k��/� k�k/� c�c/� krn/� k��/� knr/�
Mn nkr/� nc�/� n�r/� ���/� ���/� kcn/� c�k/� �rk/� �n�/� ���/� ��c/� ��r/�
Mg ��k/� ���/� ��c/� ���/� �nr/� ��n/� ��n/� ��k/� ���/� ���/� ���/� ���/�
Ca �cc/� �c�/� ��n/� ��n/� ���/� ��r/� ���/� ���/� ���/� ���/� ��n/� ���/�

Total ��k/� ���/� ���/� �cc/� ���/� ��n/� �c�/� �kn/� �cr/� ���/� ��n/� ��c/�
Almandine ��/rk �c/rk rr/rk rn/r� ��/nk �r/rk ��/r� �k/�� �k/�� c�/�� cn/�� �c/��
Andradite �c/� r�/� ��/� r�/� ��/� �n/� kc/� �c/� k�/� �n/� cc/� ��/�
Grossular ��/� k�/� ��/� ��/� n�/� �c/� nr/� n�/� ��/� ��/� ��/� �c/c

Pyrope ��/� �r/c ��/c k�/c nk/� �r/n ��/r nc/n nk/n ��/n k�/n r�/n
Spessartine �c/�� k�/�� ��/�� ��/�� �n/�r r�/�k r�/�� c�/� ��/� rr/� ��/� r�/�
Uvarovite ��/� ��/� ��/� �n/� ��/� ��/� c�/� ��/� ��/� �n/� ��/� �n/�

Spessartine + Pyrope r�/�k k�/�k ck/�k c�/�c ��/c� r�/�� rc/�r ��/�n �c/�� �r/�� ��/�� k�/��
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Si �c�/� �nk/� ��k/� �cr/� �c�/� �c�/� ���/�
Al iv �n�/� �cn/� �kn/� �nc/� �n�/� �r�/� �k�/�
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Ti ���/� ���/� ���/� ��c/� ���/� ���/� ���/�
Cr ���/� ���/� ���/� ���/� ���/� ���/� ���/�

Fe3+ ��r/� ��r/� ��r/� �ck/� ��r/� ��c/� �ck/�
Fe2+ kn�/� �k�/� k��/� crc/� kck/� c�c/� ���/�
Mn ��r/� �r�/� c��/� cn�/� c�k/� kc�/� �n�/�
Mg ���/� ���/� ���/� ���/� ���/� ���/� �nk/�
Ca ���/� ��k/� ���/� ���/� ���/� ��n/� ���/�

Total �c�/� ���/� ��n/� �cn/� �c�/� �c�/� �c�/�
Almandine ��/�� �c/�� r�/r� ��/rr ��/r� ��/r� �r/nc 
Andradite cr/� cn/c �n/� r�/� cn/� ��/� rk/�
Grossular ��/c ��/� c�/� k�/� �k/� ��/� ��/�

Pyrope �r/n nn/n r�/n ��/r rn/n �r/n �r/�
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 �� ,
(>��5�6 / t/�>-2 �>���0 �%>_� $%�N� �: �&l�� ,
# [�M
�-E�5!2��-� K-�-� .# �*7 3�4.

D-u�E K�� ����0 P&N��%4 �� �u �4���%>&: �
 .# �T�� 
�>>
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#�4. �_��5�O �#�
# ���*+ ���C / ���*+�%&: �&<� nk

 �>: 3���?�� I�%>Z (Fe2+
2.36, Mn 0.37, Mg 0.19,Ca 0.095)

(AlVI 1.99, Fe3+
0.029) (Si 2.93 AlIV 0.062) O12 / �>�# �>
 

��T*� �� ��"� #� 3(*: �>: @>u�� .# I#�--JE ,
��"-: �u (4�
 ,
(��5�6 @= �: �-+�M �: ��# ,-E���1�# /S�: .# �u 3�%O
 �#(�� �-+�M �: @u�� ,
(��5�6 )Alm (/t/�-2 )Prp (KC��/

-E���1�# ,)Sps (��
. ��# .�-E�5!2 �� ����0 D-u�E �>u �>4
 �#(`E �: �%&: �
 �!
� �-+�M �: �-+�M �
 .#���
@<E �T�� 

 (+ ,
(>��5�6 .# ��# �>E -E���>1�# ,�>--JE �>
@= I# ��">� 

�� ;*>� ,>
# �� ���>u ,>
# (4� �� .# @>-� �>4 3,
(>��5�6 m
,-E���1�#��# ��T*� �
 /3(*: L-`~ �� ��"� #� �u (4�

 ��T*� P|' P&N��%>4 �� �%>=%� ����0 �� 3(*: �4�>� �>: -
�#(�� �-+�M �: @u�� .# �u 3�%OAlm /Prp ��
. �>�/ Sps 

KC �� �%+)H)+�(�� �6 I#�--JE / D-C�E ,-!��-� /[%��	
�: 3���?�� I�%>Z (Fe2+

2.25, Mn 0.66, Mg 0.085,Ca 0.025)
(AlVI 1.99, Fe3+

0.007) (Si 2.94 AlIV 0.05) O12��# .

7*5E����0 D-C�E �#�%5� �� ����: ��%� 3�4(Spess+Pyrop)- And- Gross �6  ���0  �/(q� �C ��#  (+ i�"� �4.

7*5F�,
(��5�6 �#@-� I#�--JE ����0 �!*� L&��� 3�4(M#/ �� �s%�/�0 / ,-E���1�# �t/�-2 �#�.
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(&= ��� ��5+ �����:�c�� ;*� �-�NE �� ����0 S����=/�: 3(-V%�-�#�0 �	�_54 �
#. . . .n�

�
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�%�#�0 �� �%=%� ����0 ->+�M S�: 3�4�3�%>E  3
�#(`E �: �u ��=/�: 3(-V%�-�#�0��->+�M �>: �-+�M .# �T�� 

�%&: �
)@>C�� .# ��0 �: (�� �� �>_
��E �>�#  (>+ �>
@<E 3
,
(��5�6m�� �#�G ,-E���1�# ��-0 �>�T*� �
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 �� ��"� �u (4� �: �-_+ ��T*� �>���0 �� �%>=%� 3(*: 3�>4
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P&N��%4 �� �4 �: (+�: �#(�� �-+�M �: @u�� .# �u 3�%OAlm 

/Prp ��
. ��/ Sps KC���%+)H)+�(/ D-C�E ,-!��-� /
?�� H)+ �� �6 I#�--JE�: 3��� I�%>Z (Fe2+

2.21, Mn 0.4,
Mg 0.3,Ca 0.1) (AlVI 1.98, Fe3+

0.01) (Si 2.95 AlIV 0.05)
O12��# .

�#@>-� �� I#�--JE �!��-: �4@-���6 .# HZ�M h
���Mn /Fe 

�<-�� �� /��T*� 3�!��>:#/ .# �C�>M / ��# �
�-5-+ 3(*:
����0 ��# ,
(��5�6 > ,-E���1�# 8%� 3�� �: �4.�� I#�>--JE 

�#@>>>-�Mn �>>>
�%
�%�#�0 �� �->>>+�M �>>>: @>>>C�� .# �>>>4 
)rr/�/ @>>C�� �� c�/��->>+�M �� (�>>-E�5!2 /�>>4)rn/���

/ @>>C����/��->>+�M �� (P&N��%>>4 �� / �">>4�C (>>�/��>>4 
)��/�/ @C�� �� �n/��-+�M �� (�� ��"� �"
#@	# (�/� (4� 

�#@-� �� I#�--JE /Fe .# �*`
 ��# P)' �: �->+�M �: @C�� 
�
�%
�%�#�0 �� �4)�/ @C�� �� �n/��-+�M �� (�-E�5!2 /�4

)�r/�/ @C�� �� �/��-+�M �� (P&N��%4 �� / �"
#@	# (�/�-
�4)kn/�/ @C�� �� ��/��-+�M �� (�>� ��">� �"4�C (�/�-

(4� .�#(?� �!��-: �*+/� �: (�/� ,
# �>�T*� �
�-5->+ 3(>*:
 ��#)H)+n.(

*57G��T*� S
�5� �Z�*' 3(*:Mn, Mg, Fe2+, Ca, AlL&��� �!*� 3�4(M#/ �� ����0 �%&: �-+�M �: �-+�M .# .
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#�4. �_��5�O �#�
# ���*+ ���C / ���*+�%&: �&<� nn

 @>>C�5EMn �>>
�%
�%�#�0 �>>���0 ���>>4 �� �>>4)rr/�(/
�-E�5!2 �4)rn/�(�>� �>-_`E I�%>Z ,
(: �>C �%>+Mn �� 

�:  �%: 3��0.�� ��-�: �R*' ����0 ���?�� ,-�/# �� �C 3�%O
����>5E ��>���0 �%&_E HM#�Mn @>C�5�� �>���0 ���?�>� �� 

.# W-q� /Mn �� ��E �>: �_�>� �>���0 @C�� ,
#�:�*: ��%+
 .# �6 �-+�MMn ��# �E �*7 ]��[.
����0 �� P&N��%4 (*��� �%0�0� 3�4 / �>���: ��%� 3�4

 ����0 �� �%R�: �: ��-1��#�-2 3�� 3�4 �>�# �� �>)�6 H>-��
 A%N� ��+�43�>--JE z%���� �%&: �-+�M ��%&_E .# P2 �
%���
�� �� ,-: .# �-�/# [��`E ,
#�:�*: ��%+ �5� �0��� �: #�� �/�-

��C ��/#�: #� ��%0�0� ��"	 / ��� W
#�+ �#%E]�����[.

!�
�� � H;� 
����0 �5-+ �� I#�--JE �� �4  (>*4� ��">� (�#%E I#�>--JE 3

�6 �%>&_E $�>!*4 �
%��� 3�4.�	 �� �
�-5-+ ,>
# �>C (>+�: �>4
��T*� �: 3(*: �� y� �E/�N�� H
s�(4� :�m�-�/# H�#%' )(+�

 S
#(= �
 3�%&:]��[3��"��# (+� /(]�����[/�mH>�#%' 
�
%���)A%N� ��+�4;*� b�)+ / .�� �� 3�>4�%&: �: �-��E / �4

  (+ H-)"E H_G .# ��T*� �--JE /�>-�/# 3(*:(]�c[.�>Q� �>:
�� ��T*� (�� y� 3�%>&: (+� �
 S
#(= ��# �� �C �-�/# 3(*:
�� ,l5T� (4� %>)
@-	 W
#�+ ��/#�: �� z/� ,
�Em�
�-5->+

 �>�T*� 3%��>� H>�#%' �F�*F ��/ ���# ����0 #� �>-�/# 3(>*:
 �>C �>�# 3�#%+� ��C ����0 H-)"E W
#�+ ��/#�: (4� �--JE


# ����0 ��%� �� ��"-: ,���)�# �� gG#/ �
�#�(�6 3�� 3�4-
�� y� �4(4�.
H)+�,
(��5�6 I#�--JE (Z�� m,-E���>1�#–�s%>�#�0m

��T*� / t/�-2 �6 3(*: 3�4(>M#/ �� �-+�M �: �-+�M .# #� �4
 ����0 L&��� ��T*� �#� �� ��"� ����: ��%� 3(4� .�>)��*F

 �� �QMa� ,
(��5�6 (Z�� �%+ 3�{>'# .# ��"-: ,-E���1�# /
�>>���0 �
�>>�� �>>�# �>>!
� 3�>>4 .�� �>>���0 ,
(>>��5�6 (>>�/�

 �">4�C (�/� �-+�M �: @C�� .# �
�%
�%�#�0–�>�/ ��">
#@	# 
��#� P>)' (�/� ,-E���1�#)�">
#@	#m�">4�C ) (H)>+�m

L�# .(,
(��5�6m�>-E�5!2 ����0 �� ,-E���1�# �>: @>C�� .# �>4
 �a��C 3(�/� �-+�M �>�%!�. I#�--JE / �!
()
 P)' ��">� 3#

�� (4�)H)>+�m\.(���>C (>�/� ��  (>+ ��>
 �>���0 3�>4

 / ���>4 �� ,
(>��5�6 S4�C (�/� �-+�M �: @C�� .# P&N��%4
 �-+�M �� �6 S
#@	# (�/� P)' �:  (+ ��N0 (�/� ��/ ����4

 ��# ,-E���1�#)H)+�mt.(
H)+n�Z�*' ��%-E�C (Z�� Mn, Mg, Fe2+, Ca, Al  #� 
�-+�M .#–@C�� m��>
�%
�%�#�0 �� �>���0 8%>� �>� �->+�M 

�� ��"� P&N��%4 / �-E�5!2(4�.
�R*'Mn �
�%
�%�#�0 ����0 �� ���4 �� S
#@	# (�/� �4

 �� ��"� #� �-+�M �� �"4�C /�� (>�/� ,
# �C ���M �� �(4�
 �R*' ��%�Mg��#� P)' ���M .�Z�*'Fe2+, Ca �>���0 �� 
�
�%
�%�#�0 �>5� ��">� #� ��=%>E H:�G I#�--JE �4 / (>4�Al 

��#� �T? �a��C 3(�/�)H)+n.(
�Z�*'Mn, Mg�-E�5!2 �� gG#/ ����0 �>�%!�. ���M �4-

�� ��"� 3# �6 �->+�M �>: @>C�� I#�>--JE ��/ (4� �a��>C �>4
 ��# �!
()
 P)')Mn �: @C�� .# �>�/ �">4�C (�/� �-+�M

Mg >
#@	# (�/� �") (H)>+n.(Fe2+/ �>T? 3(>�/� Ca �>: 
S
#@>	# ��)� I#�--JEm��#� ���>�%� (>�/� �>
 S4�>C .Al �� 

;*� ,
# ����0 �-+�M .# �)
 �� �4 #� �"
#@	# �a��C 3(�/� �4
 �� ��"�(4� .����%� I#�--JEAl �-E�5!2 ����0 �� �: �4 H-��

 �
�50�� (4#%+ .# �)
 / ���� 3�50�� ��%: ,-�%�6�2 �6 ��%:
 ��#]�km�n[.

�>Z�*' ���>5E �>_-C�E I#�>--JEMn, Mg, Ca, Fe2+�� 
P&N��%>>4 �>>���0 �>>�%!�. H)>>+ �>>4 (>>��#� 3#)H)>>+n.(

��T*� �� 3(*:Mg, Ca, Fe2+�:�"� �a��C )���4 �� S
#@	#
 �-+�M �� S4�C /(��/Mn �/�#/ 3(�/� )/ ���4 �� S4�C
 �-+�M �� S
#@	# (��#�)H)+n.(Al ��">� #� �>T? 3(>�/�

�� (4�)H)+n.(
 (-�' �: 3]�n[�R>*' (+�: �
�50�� ����0 �d��*F Mg 

S
#(>= ,5~ �� �R*' ,
# #�
. (+�: ��"-: ���4 �� ���
�:
 �>�# ��0.�>� ��-�: 3�R*' �
�50�� .�R>*' S
#@>	#Mn �� 

�-�>>NE ��%>>0�0� 3�4(>>*
#�	 �>>: W_E�>>� �>>���0 ���>>4 
�� �%+]�r[.D-E�E ,
(: �: �� �Q� �R*' S4�C (��Mg /

S
#@	#Mn �
�%
�%�#�0 ����0 ���4 ��  �!�>��? .# �C�M �4
 ���4 �6 ��%0�0� .�>�T*� $(' �&' �>Z�*' i�">� 3(>*:

Fe2+/Ca�>>� �>>Q� �>>:�>>: (>>�� K��>>-� ��%>>: ���>>: H>>-��
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(&= ��� ��5+ �����:�c�� ;*� �-�NE �� ����0 S����=/�: 3(-V%�-�#�0 �	�_54 �
#. . . .nr

S
��C# $(' / ��%0�0�Fe2+/Fe3+�>�# �
�#�(�6 H-)"E /
]�k���[.��T*� 3(>*:Ca ��>���0 ��
�#�(>�6 3�>� 3�>4m

�� y� �s%�#�0 �>���0 �>: �>C (4� ���)>�# �� g>G#/ 3�>4 �>4
 �6 ��%0�0� K��-� �C ��# ���:#/ �>�# .�>: �4]�����[.��

K��-� ���: 3�4 �>: �>���0 �� �>Z�*' I#�--JE ���%0�0� 3-
S4�>C / @C�� �� ��? �R*' (*F �
 j
 �0(+ �*7 I�%Z

 �6 �<
�(E �: �4 +�M �5� ��# �%&: �-)H>e�Mn �>���0 �� 
�
�%
�%�#�0 .(  (>+ �*7 �%&: �-+�M �� �!
� �Z�*' �P)' �:

 �: /�� ����C �6 �#@-� .# �%&: @C�� �5� �%>+)H>e�Mg �� 
�
�%
�%�#�0 ����0(]c�mc�/��[.(>�/� ��%>: �T?Al �� 
�
�%
�%�#�0 ����0 �>� #� �>4 ��%>: ���>: �>: ��>_E�# �� �#%>E

 �NE K��-� >:�= ,5~ �R*' ,
# #�
. ��C �-�3�R>*' ��
�>=
 �>: (>+�: ��>+#� �T?�-7 �--JE �0# #�� ��# (*C ���_�� H>-��

 �>�# 3%��>� H�#%' �
 / ��"��# (*��� �&�#%' �-��E]cc[.(
�>+
 �>T? (�/� H-�� K4Al �>�-	�� �>� �R>*' �>C (>+�: ,>
# 

,-">��= �>E �>�# ��>+#(� �%=/ W-q� �� 3�!
�Al / �%>+ 
-"��= �*Al �>�#  �%: �/(q� ��-�: ��=/��F  �!
�= �� .��
���M H>e� �>�-	�� /� �>Z�*' j>-:%C / �(>V��C# �
�� �� �C

 (+ K4 ,-"��= @*!*� / K
@-*� �K-�&C �,46(�#.
��%!�. H)+��T*� 3# 3(*:Mg, Mn�-E�5!2 ����0 #� �4

�� �>	�0 �>Q� �� 3�%>&: (+� / S
#(=  (
(2 .# �+�� �#%E
]c��c�[�>���0 3/� �: ��"��# �
 / 3%��� H�#%' �C �E�%Z �� 

�>�T*� ��#�>!: �-��E  (+ H-)"E H_G .# �>--JE #� �>-�/# 3(>*: 
�� (4� .��T*� �>���0 �� ���">��# .# �>+�� 3(>*: 3�>� 3�>4

,
(��5�6m�� y� ,-E���1�# �6 K��-� �C (4� ���: �_
��E �4
>>:�= / �>>�#�>>--JE �>>�# �� W>>�	 �>>Z�*' �
�>>= W
#�>>+ I#�

 �� H)+ �
�-5-+%)
@-	 ��-0]�n[.(
(>+ ���>�%� I#�>--JE
Ca �-E�5!2 �� �
 / b�)+ / .�� (*��� 3%��� H�#%' ��# �� �
 �4

 (
(2 ��#  �#� y� ��"��# 3.���# �:]ck[�
�#�(>�6 �d��*F 
I#�--JE ��/ ��# ��%� �=��? H��' (:�
 S
#@	#Ca v'�: �C 

�� �s%�#�0 S
#@	#�%+ �>�# �#�0�-��E ��"��# / �&?#� H��' 
]c�[�>-E�5!2 �>���0 �� �s%>�#�0 S
#@	# �: �=%E �: �C �>4

 �� �=#%� (
��E �: K��-� ��%: .�: / �=��? H�#%' �-��E�%+ .
 (-�' �: �*: 3]cn[A%N�  ��>+ �>43.# �>*7 / \/�>*�� O2�� 

K��-� >: / S
��C# W
#�+ S
#@	# v'�: ��%0�0� / .�: 3�4 s�
 �_�� ,�	�Fe3+/Al3+�� K��-� �� �%&_E v'�: ��# ,
# �%+
 ����0 ��"-: �>���0 S4�>C / �
�#�(�6 3�� 3�4 3�>� 3�>4

 �:�� ��_
��E I#�--JE �=%E �: �C (+ (4#%? �s%�#�0 / ,
(��5�6
 ��%5� �� �
�#�(�6 / �s%�#�0 @-F�� /�>Q� �: ����: ��%� 3�4

�� �:�� �9-�C# �0(�@
�0 (�� K��>-� �>!
� �>-_`E �>: �
 /
��#  �%: ���:.

]cn�cr[��%>: s�>: �>C (�(��`� Al �->+�M �� �>���0 3
�-E�5!2 �>!� ,-
�>2 ��9-�>C# �0(>�@
�0 S4�>C H>-�� �: �4

 D>-C�E �>--JE (>*��� �>&?#� H>�#%' �-��>E / �9-�>C# ,�+#�
 ��%>: �
�>50�� �>: �>C �>�# �>���0 (>�%� 3�>50�� �
�-5-+

 �%0�0� / K��-� �-E�5!2 ����0 ��%_� �>�T*� 3�4 ��%>� 3
��#� ��#%�54 ����:.

�>>�%!�. H)>>+ �>>Z�*' 3#Fe2+, Mg, Mn, Ca �>>T? /
��%:Al P&N��%4 �� gG#/ ����0 �� �>C �>�# �6 �!��">� �>4

  (
(2 ��# �� ����0 (+� �>O �>Z�*' S
#(>= / 3�%&: (+� 3
 �#� y� ��%0�0�]c��c�[%� I#�--JE v'�: �C ��"��# /���>�

 �>--JE v>'�: �>C b�)>+ / .�� (>*��� 3%��� H�#%' �
 / �Z�*'
 �� �
�#�(�6 H-)"E �
 / �9-�C# �0(�@
�0  �%>_� H-?� �%+
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