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Abstract: Eocene volcanic rocks in south of Asad Abad (north-east of Koohpayeh, Isfahan 
Province) experienced very low-grade metamorphism (hydrothermal metamorphism), 
resulting in prehnite, malachite, azurite, zeolite, quartz and calcite crystallization in cavities 
and fractures. Chlorite (brunsvigite) and amphibole (ferro-actinolite) appear on secondary 
phases. Augite and labradorite are two main minerals based on electron microprobe analyses 
and petrography evidence. Composition of minerals in these volcanic rocks and xenoliths are 
similar. Field and microscopic evidence show that an alternation of acidic and basic 
magmatism has occurred in the study area. Very low-grade metamorphic minerals formed in 
neutral to slightly alkaline PH, low CO2, at temperature of 200-400oC and pressure lower than 
3 Kbars. Based on calculations, clinopyroxene and plagioclase phenocrysts in basaltstic 
magma in the study area have formed at temperature of 1100oC and pressure of 3.17 Kbars 
corresponding to a depth of 11 Km. Chemistry of volcanic minerals and open space fillings 
minerals is close, both are rich in Ca, Si and Al and relatively poor in Fe, Na, K and Mn. This 
shows that the volcanites chemistry had important role in composition of metamorphic 
minerals. On the basis of the geochemical studies and tectonic setting patterns, these rocks are 
volcanic arc basalts. These basalts belong to the calc-alkaline magmatic series. 
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Sample tu t� t� *tv �t �� 

SiO2 �w/�u ��/�� �t/�u ��/�� t�/�� vu/��

TiO2 vw/u v�/u ��/u ��/u ��/u v�/u

Al2O3 ��/� �u/� �w/t w�/� t�/t vt/�

Cr2O3 u�/u uu/u uu/u uu/u ��/u t�/u

FeO* tw/�u ��/�u v�/�u ��/�u ��/v u�/�u

MnO t�/u ��/u t�/u ��/u ��/u ��/u

MgO t�/�� �u/�� ��/�� ��/�� �t/�� ��/�v

CaO ��/�w ut/�w t�/�w u�/�w ��/�� �v/��

Na2O tv/u �w/u t�/u tt/u ��/u ��/u

K2O uu/u u�/u u�/u uu/u u�/u uu/u
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Si wu/� w�/� ��/� w�/� ��/� w�/�

Ti u�/u u�/u u�/u u�/u u�/u u�/u

Al ��/u ��/u ��/u u�/u ��/u ��/u

Cr uu/u uu/u uu/u uu/u u�/u u�/u
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�6�2<�!&B��
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Sample cz cs b�
SiO2 ��/�� ��/�� 4a/qc
TiO2 u�/u u�/u a4/a
Al2O3 t�/� �t/u e4/a
Cr2O3 u/uu ut/u aa/a
FeO* �t/�v ��/�� ec/�s
MnO �v/� ��/� az/4
MgO ��/� �w/u 4b/�
CaO �v/�u w�/�w ex/�s
Na2O u�/u u�/u �a/a
K2O uu/u u�/u aa/a
NiO uu/u uu/u aa/a
Total ��/w� ��/wv zz/sx
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Si w�/� ��/� cq/z
Ti uu/u uu/u aa/a
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Fe2+ ��/� ��/� qs/4
Fe3+ uu/u uu/u aa/a
Mn t�/u �u/u 4e/a
Mg t�/u ��/u 4s/a
Ca t�/t t�/t c4/c
Na uu/u uu/u ac/a
K uu/u uu/u aa/a
Ni uu/u uu/u aa/a
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sq/sxz/�ac4/��zb/�aCaO 
sb/ce4/4bs/4�4/cNa2O
a�/aaa/aa�/aa4/aK2O
aa/aaa/aaa/aaa/aNiO 
ae/zzbq/zxsb/zx�s/zxTotal 
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z�/qsq/qac/xzs/qAl 
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aa/aaa/aaa/aaa/aFe2+

aa/aaa/aaa/aaa/aFe3+
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aa/aaa/aaa/aaa/aMg 
as/4ca/4bc/4cb/4Ca 
bs/�ax/�sx/a44/�Na 
aa/aaa/aaa/aaa/aK
aa/aaa/aaa/aaa/aNi 
ss/�zaa/�saa/�saa/�sTotal 
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 �+�2? ��&� (�lXd� W?�> r�? �� W/*$D !� �@ 0! 6! )n,E� .
��!0�? �+�2? 0! "���8+! �? �� ��E 1 ���$n�$D@ �n/E�� �n? �!&D

 �2? �7 �+�2? ��&� I�[,� �8:�+ ./�0 _/G� .2/J|D �	2} 0!
 ��!0�? 2? K/LM ��/�? ��&323� Pn/� !� ��[,� .
! 6�E �� )n
�?

 �-!� 2l� .�!2n> �nB&D ��&n� 28<5 �!2
! �� ��&323� ~&� .
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 �+�2? 28$/? 1 �8	23 ���n5 61� 2n? �E .n
! 0! ��n�$� 6�nE

 "�!� 1 ")- %�V�! ��&323� P/\�n� �n,/�0 .n
! �� �&nB&� 6�nE
 �� �$E1y7 ��5 .
! p
�8� !�� ��+! In,/�0 �n? 6)nX �nD )n�!&D

 K/LnM ��/�n? InB�� �? ��&323� �:�,- �!2n
! 0! �$n�? �� 
),5 g<5.

�n+�2? 0! "���8n+! �n? �D �+! ")- �L+ ����� .
! �� 6�nE
 "�!� ��8:�,- 9,+ �n�128*�! Y)�1�5 P
� �? P/���@ 0! W �X 6�E
 m*
! &D27 �!27 1(XRD)��!0�? W/*$D _
!2- ��n�[,� 6�E

 ./�0 _/G� ���5 W/*$D �#�&#\ 1 ���@ �8:�+ �� �&B&� 6�E
N�*- 1 0���2/3 �!2> �+�2? ��&� �E.
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15Km

33o
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53o52o
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N,3��	
�� � �3��8 �	����?O�3 ���@$ ��� 
�� �+�2? ��&� I�[,���a 1 ���� ! 6�1�: ;�<- 628�&'/5 

cq �n
�FE&5 6�1�n: ;�<- 628�&'/5 )W*n-�(;&n} ./n? �
�
�/	!2�B´aa�qc�´ca�q4�2( 1 6�1�: ´aa�cc�´ca�c4

�+! �8	23 �!2> ���<-)W*-4(]c[.
")n( ���nn�! )nn,��� �!2#$nnE1y7 0! 6!]b[.nn
! ^�nn/D�<3�� �
!� �/X�� �1�� 6��8	�5 �? "��> 2n#
� �:2? 1 �6!]q[r�!�12n	 

2n? �n'/�� !� 6Pn52� �!2n
! 2
0 �? m/8D&j� �+&��/>! 2�+&8/�
 �� �10 .
! �� ^�/D�<3�� �!):�),�!� .�+�2? 0! T�&n  6�nE

 �� ��[,� .
! �!&V<E f}�,� �� �8	23 �n+�2? �n? �!&nD 6�nE
 6�&�,�]x[��!): 1]e[�25 "��-! .!2n/:!��n*� 1 ��n/�/�	 

"�!0]z["�2n5 "��n-! �n�[,� .n
! �� �n
!0 �/�&C0 �? )n�! .�n?
 2nl� 0! �'/�n�D T�&n  �n? �&,5 �D 2l� ��&� I�[,� �'5�&}

9,+ ���5 ��+�,- �!2n> �n+�2? ��&n� �
�/</n-&CZ 1 ��+�,-
�+! �8	2#�.
9,+ $D@ 6�E )X �� 28$/? ��[,� �� �&B&� .+&C! ���$�

 9,+ �? �5 "�&? �8
0)�@ ��!0�? �D ��!0�? .
&/�1! 6�!1@�{@ 6�E
 ")- ")��-&7 )�!)W*-c.(g
!� 0! 6�!)LD 9,n+ .n
! �E 6�nE

 �nD �/n+!� Y28�n3 �� �n��@ m,nB �5 "�25 =[> !� ���$�$D@
 �+! �/�&
� .9,+ �nD �nGD �n�[,� .n
! ���$�$D@ 6�EH2n/J

 K/LM ��/�? ��&323�)�?��23 ��&323� ~&� 0! (1 �n8	23 �!2n>
 N�*- 1 0�� �� ���5 ���@ 6�E ")- W/*$D �(&,8� ��/�? 6�E-
0! ),D��R( �5 )�! :1 �n/5Q�� ��/�'5 �PD�!&5 ��/�&C0 ��/,E27

 �/8�&�&� 1 �
�10@)W*-b.(�n? ;&nR/��@ 1 �n
2'5 ���5 1�
! 9,+ .8� �� �
&��J T��& 
� �' �� "))�&-.

PQ�4"!� I$���L��[� ��&� I�[,� �? �+28+� 6�E.

P6�9�L��[� ��&�I�[,� �+�,- ./�0 I$��.
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�6�2<�!&B��
�1!� 6�2]E� t�

Pyroclastics 

Tuffs

Volcanics

PQ�K9,+ 1 ��	&D ���[,� �'5 6�<� 9,+ 61� 2? 6�!1@�{@ 6�E�8	23 �!2> ���$�$D@ 6�E)�!.

P6�J�#8�*- 3� 1 �E����5 �? ")- 27 6�E�?��23 6�E.

R�	�",(�= ��,� � �	��� 
4(�(�� ��,� � �	��� R�	R�	 ����(�S#SA� ��� 

���5 O/52D �+�2? 9,+ �+�,- �� ��$� ��[,� .
! 6�E )E�
 9,+ .
! �5 ��!0�? 1 ��!0�? ��!� .
&/�1! ��!0�? ~&� 0! 28$/? �E

 ),8�E �8
0)�@ .�� ��$� .
! �@ �5 )E� ),
!2	 �� �(&,D ��,�
9,+ "�28�3 r
!)B P/� 1 �+�,- .n
! 6!0�n+ 6�<3�� �� 6!
9,+ .
! �*'? ��+! �8	2#� T�&  �E�<3�� Q�n? �n? �(2+ �? 

�+! "�25 �52X .���5 9,n+ .
! �' ! 6�E 0d5&n
Zd7 !� �nE
 ���n5 1 �.
&n/�1! �.�512/7&,/'5 �g/�'5 W/*$nD �)n5 6�nE

"�!�)nn�! ..
&nn/�1!'5 �nnE �nn8
2)W*nn-q�Knn�!(�nnE0d5&
Zd7 �
�8
�&+&+)W*-q�A(.�512/7&,/'5 1�n/�&,/85!12	 �n? �E
 ")- W
)RD)�! .9,+ .
! �	�? ~&� 0! �E62/	�&7 1�n8/�12*/�
62/	�&7 �n+!)W*n-q�Kn�! .( �� �nV/': �3��&n: �&nB1

 6�!1@�{@ Y),E� W/*$D T�L[> �� �&B&� PD�!&5 �E)W*n-q�
�(? �)nnnn- ")nnnn
� 1�� 1 0d5&nnnn
Zd7 �� ���nnnn?2i �nnnn	�

 ��!0�? �� �&B&� .�512/7&,/'5 ��[,� 6�E);�*n-!q��Tq�
�(�!�&n	 ���0 �� ��$	 ����3�� rE�5 0! ���$� �n+!.�&nB1

 9,+ ��&<� �� ")- "&R�! ��0&+ 6�E0d5&
Zd7 6�!1@�{@ 6�nE
 ��[,�)W*-q��(6��� �	! Y),E� ��$� �����3�� ��+�<3��

 <3�� �,L
 �+! "�25 W<GD !� �L
2+ r
!�2+ �]s[.�+�2?-

�� ��$� �*/7&*+12*/� 6�E 9,+ �� �5 )E� ���$�$D@ 6�E
 �n5 �25 �?�J 61�5P
� P/���@ p
�8� 1 ��!� �&B1 �/�&�0 ���[,�

 ���5 O/52D 9,n+ 6�nE �n/�&�0 1 ���$n�$D@ 6�nE �n��@ 6�nE
 �/�&�0 1 "�&? ���*
 9,+ 2l� 0! �E n�!0�? )nX �� �8:�,- 1 �
),8�E �8
0)�@ ��!0�?)W*-q��.(
��&<� 0! �:2? �� 6)-2<E �E0d5&
Zd7 1.�n512/7&,/'5 

�� ")E�$� �� ��$� �5 �&- =n[�� gn
 �� ���5 1� .
! �)E�
")- �&'R8� ^E �? ����0 )�!);�*-!q�� 1 �.(

�/�&�0 9,n+ Y)n,E� W/*$nD 6�E �n�[,� 6�!1@�{@ 6�nE
 9,+ ��<E 28$/? �$D@ 6�E 6�!)nLD 1 "�&? .+&C! g
0�? ���$

 �/�&�0 .
! 0! 9,+ ��E 2?�n,? �5 ),8�E 6)/+! ���$�$D@ 6�E
 �<
)> �
!2G  )E!&- 9,+ 0! 2D �n+�2? ��&n� 60�? 6�E �)n�!

 �� m7 0! r/n7 6)/n+! ���$n�$D@ )n,
!2	 g
 �5 ��3 �!&D
 �+! "�!� �� ��[,� �� 60�? ���$�$D@ .g
!� m,B �	2} 0!-

!)L? �5 �
�E �9,+ �� "�25 {&�� ��[,� 6�E �/+!� )X �� )�!
 �+! �/�&
� �D)W*-q��(�� ��$� 1 �)n,
!2	 gn
 �n5 )nE�

 �n�[,� .n
! �� 60�n? ���$n�$D@ 0! m7 P/� 6)/+! ���$�$D@
 �+! �8	23 W*-.�� .
!2?�,? �n�[,� .n
! �� �n5 �n�3 �!&nD

 �+! "�!� �� 60�? 1 6)/+! ���$�$D@ 0! �?1�,D ./>� �+�2? f
���5 �</- 2D IRn+�G� 1 ")�1�5 P
� 0! "���8+! �? �
�<3�� 6�E
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��!0�? �+�2? �
�FE&5 6�1�: ;�<- �� =>!1 ��?@)+! A&,B 6�E)���� ! ��8+! (�?. . .t�

�� ��$� ���@ 6��8:�+ ;&�2	 .�n512/7&,/'5 �n5 )nE� �� �nE
 �n� �!2n> �n
�1�!2?Q Y28�3 �� �E0d5&
Zd7 1 �
Z1! Y28�3-

)�2/3)W*-6�E x1e)B �1;6�E �14.(
.
&/�1! I<E )- �8�3 �*��,\ �n�!0�? �� �&nB&� 6�E nE 6�

 ")- �8
2'5 ��[,� �n
2'5 .n
! 0! �n�&<� gn
 1 �)�! ��&n� �nE
 �	23 �!2> ��128*�! 61�5 P
� �+�2?);1)Bc()n- %&'L� �5

�
�#
&��12? ~&� 0!(Brunsvigite)  �+!]�a[.2n#
� ~!&�! �8R�!
�
2'5 .
&/�1! �� P/� �E �n? 1 ),8n-!� �&nB1 ")n- �n
PVD 6�E

 1� 61�5 P
� P/���@ �*,
! W/�� %�V�! ���@ 6�~&n� ./n/LD ��	2#
�&R� 2�/� ���@.

�?��23 %&VE .�512/7&,/'5 2? �E �n�!0�? �� �&nB&� 6�E-
��[,� 6�E)�
Z1! ~&� 0! (��!&� �:2? �� !� ���@ 1 "�25 2J! P/�

 �+! "�25 W
)RD ;&R/��@ �? .�n�128*�! 61�5 P
� P/���@ �*��,\
c�� ��$� ;&R/��@ ���5 )E�);1)Bb(�@;&R/� In
&��J 6�nE

 ;&R/��@ �'5 I8+� �� ��[,� �� �&B&� �� �!2> g/�'5 6�E-
�/�&,/85!12	 ~&� 0! �5 )�2/3 )�!]��[.

P6�LK�! (��!0�? �� ")- �8
2'5 .
&/�1! 1 �'5 �	�? r
�<�(XPL)A �(g
0�? 6�E0d5&
Zd7 �)- �8
�&+&+)�
�1�!2?Q ((XPL)� �(
�3��&: �? PD�!&5 �V/':(XPL)T �(���?2i �	�? �? 0d5&
Zd7(PPL)� �(���?2i �	�? �? .�512/7&,/'5(XPL)� �(��0&+ 6�E0d5&
Zd7

 W*-(XPL)� �(�/�&�09,+ �� �&B&� g
0�? 6�E ��[,� 6�E(PPL)� �(0d5&
Zd7 .�512/7&,/'5 �? �@ .8� �� �&B&� 6�E)�C&7 �	�?
g/8/'/5 ((XPL)� �(�	�? 6)/+! g
!� �� �&B&�(XPL)� �(�/�&C0N�*- �� �&B&� 6�E�E(XPL){ �(���5 ��&/7�7 W5�� �? �/,E27 6�E
(XPL)� 1(�/�'5d��5 =}��8� �� 1� �? �?��23 6�E���$� (XPL).
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�6�2<�!&B��
�1!� 6�2]E� tv

Clinoenstatite Clinoferrosillite
Pigeonite

Augite

Diopside Hedenbergite

Mg2Si2O6 (En)

Ca2Si2O6 (Wo)

PQ�T.�512/7&,/'5 6�E�&'? �/L>&� r
�<� /��D �!�&<� 61� 2? ")- P/���@ 6�E.�512/7 6),? ^�E.

PQ�U�E��F+)'	 6),? ^/��D �!�&<� 2? ")- P/���@ 0d5&
Zd7 6�E�&'? �/L>&� r
�<� .

9(R�	�(�� ��,� � �	���V�Q� � �
� !�
� �����
�+�2? 9,+ 6�E mn*
! 6&nD27 �1� �n? P/���@ p
�8� 1 �+�,-

(XRD) �� ��$� ���5 �5 )E� C0 ��/,E27 6�E �PD�!&n5 ��n/�&
 N�*- 1 0�� �/8�&�&� 1 �
�10@ 1 �/5Q�� ��/�'5 .n
! 6�nE

9,+ "�25 27 !� ���$�$D@ 6�E .n
! �� ")n- ")n
� �n	�? 1 )�!
��&<� ��!� ~&� 0! �E �n+! 6! .6�!�2n? �n�&<� �n? �nB&D �n? 6�nE

 �+�2? 1 �
!2G  On/D2D ��*/7&*+12*/� 1 �E�#$
��0@ 6�E
 ���5 .
! W/*$D �� !� �E �25 ��/? T�&  .
)? �!&D :��n/,E27

�/�'5 1 PD�!&5 ��/�&C0 ��
�10@ 1 �/5Q��.

�/�&C0 �/�&C0 I8+� �� ��[,� �� �&B&� 6�E �8-� 6�E 6!
 �8	23 �!2>)W*-q��(61�n5P
� P/��n�@ 0! W �X p
�8� 2? �,? 1

��);1)Bq(),8�E �/�1P� ~&� 0!]�4[.�!2n7 P/��n�@ �n8R�!
 mn*
! &D27(XRD) ���n5 .n
! 61� 1 �/�n�&*+! �&nB1 �nE

�+! "�!� ��$� P/� !� �/8�&�&�.
�+�2? 2? �,? �*/7&*+12*/� 6�E)W*n-q�{(���n5 �6�nE

 ��&<� �� �/,E27 �? ��[,� 6�E4�� ")
� T�&  )�&n- .gn

 9�� 6!�!� �8+� 6!�!� 2n#
� I8n+� 1 2nD K/LM �':!)D 6�E

9�� Q�<8X! �5 )�2D)
)- �':!)D 6�E"")n
)7 .
! �'( �n? �nE
 �!P/�FeO�� 2? ���@ O/52D �� T1��8� ��23.
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��!0�? �+�2? �
�FE&5 6�1�: ;�<- �� =>!1 ��?@)+! A&,B 6�E)���� ! ��8+! (�?. . .t�

)
�� ��,� 
�+�2? �? �B&D �? 0! Wn �X p
�8� 1 �+�,- ���5 ��
!2G  6�E

 1 �n�128*�! 61�n5 P
� 6�EP/���@XRD �n� �On/D2D �n? �!&nD
 ���5 ��!1!2	 K/LnM ��/�n? InB�� ��&n323� �n? �&n?2� 6�nE

 N�*- 1 0�� �� ")- W/*$D 0! ),D��R( �5 �2? �7 �E :��n/,E27
�/8�&�&� 1 �
�10@ 1 �/5Q�� ��/�'5 �PD�!&5 ��/�&C0.

���5 .
! �</- �+�2? 0! "���8+! �? ���@ ��!1!2	 O/D2D 1 �E
�� �&n
 0! ��[,� �� �&B&� Y��- �5 ��3 �!&D 6�nE Ca �Si �
Al 1 �OH �&
 1 "�&? �,i 6�EFe �Na �K1 �Mn )nX �� !� 

� ^5 �+! �8-! .���n5 .n
! W/*$nD �� �n5 �'�!&( �'<B 0! �nE
 �!P/� ��!� 2/J�DCO21 "��n- �� �&B&� PH �n+! �@ .Q&n !�

6Q�n? �!Pn/� �K/LM ��/�? IB�� �? ��&323� _
!2- ��CO2

�� �(�? T�*/'/+1�)/E �
!�0 A@ 6!2? %0Q 6��� �D �&- 6�nE
^/�'5��!� ^/,/�&�@)�/�&C0 1 �/,E27 W`� 6�nE �!� ^/�n'5 (

T�,?25 1 �)?�
 rE�5 ���n5 .n
! �2n: �? �E )n,��<? �!)n
�7 �nE
)�� Q�? �/�'5 W/*$D �,L
�1� .( ���5 �)��� �!)
�7 .
!2?�,?-

�/�&C0 1 �/,E27 ),��� �
�E^/�'5 6�E �[
!2n- ./,\ �� �!�
 I8/+�3&	 ��&? ./
�7 Y),E� ��$�CO2�n+! "��- �� ]�c[1

�5 �+! W/�� ./<E �? �!Pn/� ��&n? Q�n? �&nB1 �? Ca �Y��n-
��/� ��
0 �!),\ ��[,� �� �&B&� �/�'5 �!)��.

hQ& ! �n� �� �[
!2- �� 28$/? �/,E27 W/*$D �n5 )nE�
PH ��- ")n-�? �
�/'> �5)�! �D �`,: .�n? �n/,E27 �n	2} 0!

 �!P/� �� T!2//�D .
28*\&5CO2�PH 1 �fO2"��- k��nX
 �+!]�b[W/*$D .
!2?�,? �1 0�� �� �!1!2n	 �!)n�� �? �/,E27
N�*- 9,+ 6�E �n+! .
! Y),E� ��$� ��[,� ���$�$D@ 6�E

�+! "�&? �!2>2? �@ W/*$D ���0 �� ")- �8�3 _
!2- �5.
1 ./
�7 6��� �� P/� �)- �8/�&C0PH I'/n+1 �n? �n`,: 

�?��23 �� �� �E)E� .PH 9,+ �� �`,: OnB&� .n
�{@ 6�E
�?�B P52<D 1 �
�BNa�K1Ca �(�? �5 ")- � �: ���� �� 

���5 W/*$D�� �/�&C0 Y�!&��: 6�E�&-.
�!Pn/� �n<5 �D �+! %0Q �/�'5 W/*$D 6!2? ;�X 2E ��

CO2�2nn: �nn? ���nn5 .nn
! �nnD �1� 2DQ�nn? "��nn- �� �&nnB&� 
T�*/'/+1�)/E ̂ /�'5 6�E�^/,/�&�@ )
@ �&B1 �? �!� .�nB&D �n?

 ,� �� �/�'5 �!P/� ��&? ./
�7 �?�� %&'L� ��[ .n
! �n5 �&-
 �8	23 W*- ��[,� �� �&B&� Y��- �� �E�D&5 ���0 �� _
!2-

�+! .�n(�? ./<E 1 �+! "�&? 2//�D ;�X �� %!)� "��- �</-
 ���n5 W/*$D N�*n- 1 0�� �� Kn'8�� 6�nE ��n�0 �� �nE 6�nE

 �+! ")- K'8�� .���5 .
! �W5 �� ��1 _
!2n- �GD �ECO2

1 ./
�7PH )n�! �nD �`,: �
�n/'> �5)e�@ 0! 2DQ�n? �n<5 1(
")- W/*$D)�!.

�3� N,3�W)���� !�	�1� X
�� �Y�	
�SZ 
"��- g<5 �? ���5 6�!)
�7�� �� 2J�� �'��( �_/G� 6��� 6�nE

 9,+ I/�1! �B 1 "�&? �
�<3�� 6�E �&n
 �
�B �? �(2n+ !� �nE
 ���5 r
!)/7 �? 2V,� �5 ")/$�? �n+! ")n- "0�nD 6�nE]�q[.

���5 �(&<V� .
! W/*$D �? �B&D �? ;�X ��/�n? �&n323� 6�E
 g<5 �? 1 �K/LM4�� 2
0 �� �8	� ��5 �? �1� �5 ��3 �!&D

 )X �� ��[,� Y),,5 ��+23� Y��- 2? ^5�X 6���4aa �D baa 
�+! �!23 �8��+ IB��.

4(��7� �Y�	�3� N,3� 
�1)X 0!4a�1� �&,5 �D r/7 ;�+ �(&n,8� ��/�? 6�E 6!2n?

 ���,$n/7 Kn'8�� �!),<$n�!� _n+&D �
2'5 �V,+��� ./�0
 �+! ")- .�1� .
28�? 0! �*
 !� �n
2'5 6��� .//LD 6!2? �E

]�x[�+! "�!� �C!�! ../?�n� 6),<����+ I[?!� �1� .
! I
�7 2?
 ̂ D! �!)LD 1 ��!� �&B1 ��� 1 �
2'5 O/52D �n�B1 ��n�\ 6�nE

Al (AlIV)?!1 T)- �? �
2'5 �� �&B&� ��� �? �8�6W/*$nD 
�+! �
2'5 .�+! 2
0 T�&  �? ;&�2	 .
!:

3

2

10.71.4
10.26.8)( −

−+
=°

IVAlCT T = 234.7 oC

9(�,/7� �Y�	�3� N,3� 
�/�'5 �n�&<� �� �&nB&� 6�E Wn5�� 6!�!� ��n�[,� 6�nE 6�nE

 ),8�nE �'*-23� .Wn5�� In+),E !� �nE]�e[gn
 �!&n,( �n? 
"�2n5 ���,$/7 ��� 2#��$� �n+! )W*n-z.(k�n+! .n
! 2n?b

��8:�+I�II �III 1 �IV ")n- �	2L� .Wn5�� ~&n� 6�nEI6!�!� 
�*
��? ^/�8�� 6�E "�&? 0! 28<5 6��� 1oC4aa�� ��$� !� -

W5�� �5 ���X �� ),E� ~&� 6�EII 6�n�� �n? 1 "�&n? 2D �
2( 
oCcaa �� ��$� )�&- .6Q�? 6��� ��oC4aa W5�� 6�nE

 ~&� =}��8� III W5�� 1�3)n/<: �n5 )��!� �&�X ")/<: 6�E
W5�� �� �E 61� �
�nB �n?�B 1 �Pn�� �n/��L	 0! �n-�� )n�!&D

 �&[+f,r )-�? .0! r/? 6��� ��oC4qa W5�� ~&n� 6�nEIV 
6�E02���!)���!� �!� W5�� 02� T2B��� IV/8� �� �5 )� .
! ��E

�� ��V
! !� W*-),,5]�z[.
�/�'5 � �� �&B&� 6�E W5�� 6!�!� �+�2? ��&� I�[, 6�E

 ~&nn� 0! �L}�nn�8�III)W*nn-q��(6Q�nn? 6�nn�� �nn5 ),8�nnE 
oC4aa ��$� !� ���n+� �n? 6�n�� �? �B&D �? ��� .
! ),E�

 �V,+��� ./�0 �1� �? ")�@ �
2'5�� 2l� �? �+��)+�.
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�6�2<�!&B��
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