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$%&�' 
�����  ! "#$ %�&� �'(�)*+� �,�- ./01 (�)2/3#! �#�! (Kahir)+���4�5 %�6$ (���� �37�*  831 9��4� �:�
;4 <=�=�(�> �?@02  , ��� (A/B/��/2/CA �� %�)*4 %�)D#* +,/3%�)DE �*4."�4 ���%�G HIJ�, �K!4 ���%�&� (�>
*4LD> M+�N2 (4�4�  ! %�)LO/7 9=0)L PG  , (4L5  ! ��4� �Q#, �:L%R S�T, �U��%R VE/! �U5 +'��)2 
�2=G�,.�#B�W� ��� "�4 .I�� ;4  PO/7 %=G �� ;4 X� Y�5+4 �>��  ! �*4 (/@�  , %�&�)+ .R M/3N2 ���(9

 �4+� Y�/\  , %R �4;�2024� ;4 �3�� (�>]��� ;4 �	�+�  , + <=G ^��J �,/01 �2 ��4=> %�&��/G ."�4 �1+�J ��
��6> .�_7 �#:&	 + �`3- a�4T�4 �, �>�� �B+ �*4 b#5� cd/6W2 %�&��*4 <4� .�4� %�&� <=G e�f�4 Y�&��2;R

�� "�4 ;4 �1+�J ;��  !%�)2 %�&� �2=G�,. WB�U2  �/8P#> %/0! �	  ! �f�R ;4��� "�4 (+� �, (4 �/g  , %�&�
9�*4 <=&� e�f�4 �\�?)J4  ��N,�)! h,�02 �/_6! h�� (4�, 4�B ;4 �)&#,  ! �/, =>4/J "�4 �, �W*  B�i2 "�4 �� 9(4

WB�U2+ ��4=#2 Y� + V#��/2/CA Y�WB�U2 �, <+I$ �	 �/G  )��� <��, �>�8&��2;R "##W	  , �_D� 9V��)2/��/2
9j#!�	 + .kR%R ;4 �1+�J ���, =��G �	 ���� e4=54��� "�4  )J�0G�� ��W,4 ;4 �&N, <4� "�4 ;4 %4/) + lN&2 4� %�&�

��! ���W2 .�� "�4 �� + .R ;4  �/6�  * +� "�4 ;4�(�> ����	 ��  ! %�&�m/��/��9��/�/�'+�m/��/�' #�	 
�+� ;4 <��n)*4 �, �/, <=G�K2 ���#6#G + �:�T#� T#B��R o3)N2 (�> XRD,BET,TGA, DSC, FAAS ��1

=0)��� �4�5 �#3@	 +  �Tf	 + a��2;R ��/2 ��=W2 j#!�	 "##W	.
�&�() *�+,�- : PO/7���%�&� �4+� 9�� 9�3�� (�>+ .R ��=W2 j#!�	 9;�� ��=W2 j#!�	 9.I 9V#��/2/CA 9���

V��)2/��/2.

�L 2���, + �#�4�p1 <=:&�4� ��#&�4� %�)DE/3, + %�)D#* <�8&�4� �U#@2 (T��..com.yahoo@areshneg_h:Email 
�L%�)DE/3, + %�)D#* <�8&�4� e/3$ <=:&�4� V�T#� �6#G (�)!� (/f&�4� .
qL%�)DE/3, + %�)D#* <�8&�4� e/3$ <=:&�4� �6#G (�)!� (/f&�4�.
'L%�)DE/3, + %�)D#* <�8&�4� e/3$ <=:&�4� �6#G (�)!� (/f&�4� .
�L� V�T#� �6#G =G�4 �*�0G��! (/f&�4� %�!��4 �/� e�#� <�8&�4.
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�:�3\4 H4=>4 ;4 �+??N)2 t�2�+ =>4/G �#Dn	 9"#2; e/3$ %<=�=��>("#2; uU* 
4�,(+ v�4/7 l#N&	 �>=0�4��(�+�� �+ 9�*4 %R %R ;4���  ! �1%�&� w�6$4 ;4 �>

2  6&E�* "#2;�e�#� 9=��#�R,/J �+��+�� �#WO+ ;4 �=0)D> "#2; .���%�&� ;4 �>
A/B/��/2/CA x�:G4�(�4/6>�� %�6)J�* �� ���  , �?@02 + jB�1 ��#D, V�>(%4��4 

+ =0)D> ��<=�=� Y�/\  , h54+4(W#_g �+M+�N2 �:G  , c4�K!4  ! %�&n&	R =0��6>
<�/, B+�, �1(<;4=� ;4  ��>� �R��.R+��� <4�6> �, ;�� ^��J 2�9�/G ���6��/J 2�=00!

)9%����2;�q��:��y .(�G�+ ��0	 �n� %4/), =��s���  ! %�&�%�&n&	R  , 4� �> �>
2 z_	�2�A/B/��/2 �;�*(@U* �G +#/{B�W� �R �#�*4 ��)Lyobomir and Dimitrov 9
�yy� .(��>��  E��� Y�5+4 %�&�%4�/� �>�>(=G�=(�� + =��4� 1+�J �R �=0E ���"

2 .�	�� 4/>  , �)2�1+�J ;�� + �/G����R <��2 a	R ��#%�&� �� �24 9�� j3-4 �� �>
=0)D> e4�R �/J �6$ Y�5+4)Barber et al 9���m :�rqy(.1+�J ���a!�+� ;4 cd/6W2 

3\4�T!�2 +(2 ^��J ��/G +���>(B�W� �74�2 �� <=G ^��J #�)=5�=1 + t�=( ,
/\d Y�� �>(� �*/� o3)N2 #;�(=6> �2 4� �8�=0��G/�.

��%�&��>c�	=6$ Y�$Ig4 �6�2 ;4 WO+#�Y�,/*� +z�4�G %+�� "#2; �� �/J  )n��
=��4� )Yusifov, and Rabinowitz9�yy':�m�.(a#, ;4 �y =\�� ;4 |/6f2 ��%�&��>(
%��1 �� �4=)24 =0,�6} x�W� ~BR���d�6#> �4�5 4�=�� )Lyobomir and Dimitrov 9�yy� :
r� .(�� �74/* �� /}�,  iU02��(�TJ )%�f��,��R (�/�61 w�G (x�W� ;4 ��� %4/0$  , -

�� bg�02 "��	+� �, �/1/2 %�&�(��&J �� �4=W	 "��)&#, �, �>  )J�0G �#�� �� %�&�
2�S�T, + �/G�� "��)�, + "��	%�&� �/J �� %��1 ��G �g+�N2 (�>�1(�*4 <�4� .

�� "�4%�&�  �4�)�=2  iU02 ;4 �>)Limonov et al 9���m :��(�+�f2  iU02 +
9�#D#* 9���_BR �#B�)�4 T}�2 + ./01+ x�6G )Martinelli 9���� :'�(;4 + <�/6� �/_$

9���2� �� "#	����} w�G  iU02 b��g  _G + ��}%�2�	 <��T1)Gubkin and Feodorov 9
��'y :qq�Arhangelski 9��q� :�r� (S�T, ;�in5 +)Gubkin and Feodorov 9



��s�+"#$ %�&� ��� �:�A/B/��/2/CA (�>... ��r� 

��'y:'y (<�#* (���� %+��)Ivanov et al 9���m((���� ./01 �0W� ./01 =0,�6}  ,
�TJ )+ %�f��,��R %�)D06}�	()Guliyiev and Feizullayev 9���r :�y�Jakubov et 

al 9��r� :��(�TJ (���� �,/01  O/7)Ginsburg and Soloviev 9���' (�G� +
��d�6#> ./01  , %�)D}�� + %4��4 �� %4��2 �74/* ;4 �/_$ �, + <=#*� %4��4 %���� )"#E

=0> +) (Higgins and Saunders 9��rq :�'m (�2  6	�J  2�, �� <�Jd�, +=,��.

�� e�6	%�&��>(~BR x�W� =0,�6!  24�4 �� %4��4 L>#d�6�� �K}4 + ��37�* �4/� �
�� + =��4� �4�5 �TJ (���� �5�G �7�* <��0} �� �� + %�6$ (����$ %�&�#t> "�:�;4

t�2�	�37�*  831 �� �*4 ���R "�����(�*4 <=G h54+ %�6$ .

�s�+ +�L�+ t�2 4*�*L���� ���L%�&�>(+ %�)D#* %�)*4 , %�)DE/3,  t&E
2L���/J .31 �� ���R %=G h54+ �DN�37�*  8�+��T�L:�����  , ($L�*4 %�6) )_B4

���+ ��J "#,  ! ��� �#� %�&� 0K)D2 <=$�5 "�4 ;4 9��4� �4�5 %�2T,���  ! �*4 �:G �
�*4 <=G <�4� %�&� t>(+ ��* e+� + 9:#�/):	�R %�/, �0W2 "�=, 9�*4 ����6$  ! 

, �� "&!4=,�*  3\4 ai� ���R %=2R �/1+��, 4� 4� <=�$%�&n&	R +  )G4 �� �>����R ��f
)B�J�� )G4=� 6>  , + =�4#B� "#4 �, ���+�, "�4 ��  ! t��� cI\4 %4� �/1+ e�� %�&�
��4=� .

"�4 ��%�&� B+4  ! #�� ��, "�$�* �/�yu_\  _0G ;+� ��/��/r�0P6> +#�� "
��	���>(�m/��/��9��/�/�'+�m/��/�'63$ =��;�, ��/2 �59�*4  )��� �4� �+=7 
�yuU* ;4 �)2 |�n	�4 ���� ��4� �g+�N2 +;4=�4  , {��uU* ;4 �)2 "#2; (4�, �/J 

�#�&	 <�4� �*4 .%4�/� ��(�> �G��,R + ,Y�/\ t�4� �&� +t> �* Y�/\ 
�2 <�8P#> + ��#� aG/1 ��o5/	 %4�/� + ��4=� ��M�i� �� o3)N2  ��>� �3\4  ,

t&E �2��/J .�1+�J �4/2  } ,Y�/\ %���1 (�> �3�  ��>� ;4 ^��J <=G  , �)&#, 9=�4 
�6*  024� �B�6G  ��>� �3\4 %4+� ��� �<=�#B�W� + =�4(�>  )G�� "�4 ��%�&� 

 PO/74( , 4� �+=7 �U5 ��H4�g4 �� �)2  ��>� �3\4 ��f�4 <��} �*4 ."�4 ��%�&� 
"#2; �� H�\ c�)_D� �@UD2 + )��� �4�5 Y�$�n	�4 + �	 (�/>�2 ;4X01 %��2 H4�g4 
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%R <��} �/?@2 4� =�4 ..R ��>� �� �/1/2 �*4 �/G ��#D,  ,(�/g  }"#2;(�> H4�g4 
�)7 + 024� M+�N2 �3\4 ���L%�&  , 4� <�/G �4;�=_	L�<�/6�  }�>�_G (���;  ,
"#2;(�> o�<��} ��4� ��/} . ,�2 �`�  } =*� .R �&02 "�4 ��%�&� .R 9���� �/G +

"#0P6> .R(�> �/_@2 �/G  �d �� (�> w�6$4 "#2; =G�, .(A/B/��/2 H4�g4 ��%�&� 
�3#J �B�7 (=0B=, �B+ ��4=� z*/	 a��*�� .R(�> (��1 M+�N2 �3\4 �6} <=��, 
<=��, <=G �*4 .��(�> �1+�J  } ��>� ;4 �3\4 ^��J �2(/, 9=�/G "fB �2+ =0>�
%�#2/, �@2  } =��4� ��i)$4 .R�� +h61 <=G ����>�]��%�&� �#\�J ���2�� + ��4� 
�)7 %RaN,�nG 4� �2 T#� =0�4� .

�	!�� %/24�#� %��1 uU* �� (���; Y�WB�U2 %/0%�&�,  }  )��� Y�/\ �># , �)&
&02��#B�W� 9�#�&	 tD#���2 9�>( 0���� ...�*4 <=G  )J4��� ���R)Milkov 9�yy� :q��

Kopf9��r� :��Jakubov, Alizade, & Zeynalov9���� :�y�Guliyev &

Feizullayev 9���y :m�Brown 9�yyy :m�y (t�2 ;4 �J�,�� Y�WB�U2 "��	%�&� �, �>
�2 4� ���#�4�p1 �#W5/2 + �#6>4 ��*4�/6�  \IJ ��; ��4/2 �� %4/	:

 $/6f2 �� x�7 �2��	  #G�7 �,/01 %�)D}�� )Von Rad et al9�yyy :�y(<��0} (�>
"#G/�BR a�4�+��  iU02 + "����*�} )Suess et al 9���� :���r(�} �4�/� 9�����)* 

)Schmidt et al 9�yy� :�q(9�D)J4 (����)Obzhirov et al 9�yy' �Shakirov et 

al 9�yy' �Gaedicke et al 9���r :���(9<��0}B�W��#- (�>��#`�  } ��T�2 �#3J
./*� %4T#2�2 Y�/\ �f�R �� (���; (�4�� ��#�)Sassen et al 9���� :'��(9(�)B�

�f#� )Hovland et al 9���r �Mastalerz et al 9�yyr :�r(9x4 �+�  O/7 )Burger 

et al 9�yy� :�rr(9�� �1+�J ��)J�*  ! �5�G  �4�)�=2 ��%�&� ��/J�, ;4 �G�� �>
�*4 �#*R�+4 + �i���R �)J�* "#2; Y�@n\)Kopf and Behrmann 9�yyy �Cita et al 9

���m �Camerlenghi et al 9���� :��� (�/6� <��G4 .0E t># ! �*4 <=G �,�� c4�#J4 "
�=��6#D}��R  iU02 ��)Zitter 9�yy' �Woodside et al 9���� :��y (�#� (�)B� �� h54+

.R ���� T#� b#6$ (�>%�&����>��4� �/1+ )Loncke et al 9�yy' �Loncke 9�yy� �
Mascle et al 9�yy� :'r� .(,L�� �, Y�WB�U2 �J�%�&�&02 �, ���>�=��4� =#}�	 "���R:



��s�+"#$ %�&� ��� �:�A/B/��/2/CA (�>... ��rr 

%/)*4/3� �� )Sheppard et al 9���� :�y(9��n#B�}L� + �#L4�4/ )White 9����(�4 9L�#B�) 
)Chiodini et al 9���m (J�, +L#� �L, TL�� �%�&��&02 �, ���>�",�}+�=#>  �Tf	 

 )J4���2  361 %R  ! =�4��,/01 + (T}�2 (����2R  , %4/	)Aslan et al 9�yy��
Humphrey 9��mq �Arnold & Macready 9���m :�r'�(9%�f��,��R (�/�61 

)Yusifov et al 9�yy' �Hovland et al 9:�'����r(=0B;/#� 9)Ridd 9��ry(9��*dR 
)Patrick et al 9�yy'("�4A <�Jd�, +)Chigira Tanaka and  9���r :r�� (<��G4

�/6�.

i,�*]WB�U2 ]��%�&� �>%4��4 �� �/?N, + iU02 ��  WB�U2 ��/2 �D#� ���; +
t#� ;4 �K}4=7 %�5 �6� ;+�f	 =0} . ,�/g �3}  WB�U2 ��%�&� , �)&#, �> Y�WB�U2 

"#2; �*�0G ��1 #�	 ] &i� H�&)}4 +�n� z*/	 �1��J �4��4 �2�,  } ���� (4�, 
�}�G �32 �n� %4��4 �2 ��} �}=�� .�J�, "�4 ;4  , c�@��\ �4��4 �� �/1+ %�&� �� �>
 iU02 <��G4 <��} + =�4 Y�WB�U2 (�?)N2 t>(+�  )G4� ���R �QW, + =�4 t> �8�� %/E 
 WB�U2 ��%�&��� �> �+=@2{H4=>4 +T1 + ��} �3\4 i@	 #<�/_� ���R b�*4  , 9�/1+ 

�� %�&�<��G4 �> t#i)D2 �<��� =�4. 361 ;4 (�4��4  }�� �/1+ %�&� �4�5 =#��	 ��/2 4� �>
<�4�  , 4� ���R + WB�U2 �?)N2 �/g <��} �2 9=�4 %4/	  ,"#)*4 )x�* ��(�> ��q' +��qr(9

%4���6> + �D��� )x�* �� ����(9�}�G ~#1R x�* �� ��mq)M/,�2  ,�}�G �32 �n� 
%4��4 (� +"2�+ =#0*4)x�* ��(�> ��m' 9��m� +��ry("#3}/)G4 9)��m�(9�)#B 

)��ry("�B�� 9)��r'("2�G 9)��rm((T0#��)�+ 9)��r�(9...<��G4 �/6� .

� %4��4 ��#�� (+� �, "#ii@2 �QW, T%�&��>(./01 �5�G %4��4  ,Y�/\ 
i)D2#tt#i)D2�#- +	�WB�U2 � )G4� =�4  }%R ;4  361 �2%4/	 �G�5 )�qmq(���2�}�/� 9

%����2; +)�qmm(%��=6\ 9)�qmm( )n��� 9)�qmr(���8� 9)�qrm(9...e�� 4� ��, .�B+ 
 ! �*4 �!�  , e;d p,#�#> <=���8� ;4 ���4��4 ��� �1��J �� +%/0} �	 ��%�&��>(

4��/g  , 4� %4� t#i)D2 c���\ +"�=,  WB�U2 �/`02 <���� 4�* ! ��4� ��N)�4 <=���8� +
�	=0E %/0!�&>+s�  B�i2 "��� �,  U,4� �� %�&��>(*#�	 %�)DE/3, + %�)D#+ <�/6�  
�� "�4 �  B�i2 #�� T$ %�&�#(4�, ""#B+4 Y����24 =7 �� ��, ��/2 �/1/2  WB�U2 �4�5 
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�2 �#�*4 =#24 + �� %4�8�� "�4 �6> �, 4� ��}  24�4 ���)&� +<�4� Y�WB�U2 �	 + �)&#,
�2�} (�	 (+� �, ��%�&�(�> %4��4 Y�/\ ��#� .

���%�&��3$ �>�>�� �>�_G t-�(>�� 9=��4� t> �,  ! �Y+�n	 �>(*�*4 ��� T#� 
2 <=>�&2 ���R�9�/G 9;�� j#!�	  ! 1+�J ���+ .R�R ;4 ���*4  361 %R ;4 �. 1/	 �, 4�B 

J�, ;��  ! "�4  ,���� ;4 %�&��>(%�)2 %�)*4 )��� �K2 ���� %�&� Napag(+J�,�
��� �K2 t> ����#� %�&�(Pirgel) 2 ^��J %R ;4 V#0,�!;���+ 9�/G ��1+�J .R�;4

J�,���� %�&���� �K2 �>w/� ����#� %�&�+ �*4 �/G <��WB4 QW,�4�4� t> (B/6W2 .R �
)D>9=0 ...=G  )��� t#6?	 +� "�4 ;4 �, <+I$  ! + V#��/2/CA Y�WB�U2 "�4 V��)2/��/2
���\�?)J4 �/g  , %�&��++� �/6� �, 9<s�#�(�>(�=W2 j#!�	 %/���/� �+ ��� %R .R

+ "##W	 T#� ��� ���* �,%�&��>(�/G  D��i2 %�)*4 .

4�, Y�WB�U2  �/� "�4  ! �f�R ;4(, ��, "#B+4 +� �(��� 2 e�f�4 "#$ %�&��+ �/G %/0!�	
�s�+��>(���* �, T#� %R V�A/B/��/2 ���%�&� ��@B "#6>  , 9�*4 <=���8�  D��i2 �>

+  WB�U2 *��,��4+4�� �#6>4 %R ���4� .

/�0� 1�23��4.25��� 6��� 

��� "�4+ %�)D#* %�)*4 ./01 �� %�&�,+ %�)DE/3 37�*  831 ������� (6$�4�5 %�
+ ��4� %R ���#�4�p1 �#W5/2:�y ;q'˚��B�6G ��$ �+:��;��˚��5�G x/g ��*4 

)<�8)*� z*/	 Y�?)N2 "�4GPS ����	 ���m/��/��=���� "##W	 .(

����� �/!�2 %�&�r�)2/3#! (,�- x�6G ��)*+� ()Taran(+6>,�- x�6G "#0P�
���+ ���� %�&� �+=7��)2/3#!(<��1 R�#�!  )B�n*�<=G h54+ ��,R�; 9+�)*+� �	(

�#�!�'��� �	 9�)2/3#!!�J <��1 b��g ;4 ���� %�&�����)2/3#! ����,��, %�&� ��� �	 + 9
(Borborok)  �'��4�  3\���)2/3#!)��� ��4/> t#i)D2  3\��  )_B4��� �	 "#$ %�&� %�&�

 ������+ �)2/3#! �	�������,��, %�&��y!�*4 �)2/3#()�:G �.(
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Y�i#i@	 cd/\4 ���#�4�p1 <s�/, +Y�i#i@	 (A/B/��/2/CA  ,Y�/\ +� e�f�4 �2��#� .
�DN� h61 (�+R Y�$Ig4  i,�* +(�>��} e�f�4 <=G b��g ;4 (�>��}  ��N,�)} (4e+� +
<=>�&2  iU02  ,Y�/\ t#i)D2 )")�� (+� "#2; (�>��} e�f�4 +��4=#2 (t#i)D2�#- +

) WB�U2 X�$ (�> ��4/> <�4/>�2 ��+�?	 +(4 &i� +(�>  g/,�2 .(�B+  } �f�R ;4 h,�02 
��N,�)} (4"�4 ��/2 �� ��t} ��#D, %�&� "�4�,�0, 9�/, T#E�� +�6D5 t`$4 ��}  ,
Y�/\ <=>�&2 t#i)D2 ")�� + , iU02 e�f�4 jB�U2 + =G  G/� <=G �\�7 c4�K}4 ��} 
��4=#2 Y4=>�&2 +t#i)D2 <=���8� �*4 . #�	 X�$ �6D5 ;4 (�> t�2 ��%�&�  ,%4/0$ 
�� ��=2 �63$ =0* +<�4/6> ��/� "�4 �� b#i@	 <�/, �`� =2 �*4 (=7 �	 + }�,

�-/3G  , 9=�4Tn#� ��} %R�6$ t���} .

�;�, �,/� �> �����;4 =%�&� �W* t#)G4�  }��G |�n	�4 9��W,4 9</@� 9��)D� 9x�W� 
x�W��#- �� %�/, �#n#} 9�#B�W� �#W5/2 9���#�4�p1 j#G 9 024� �#B�W� 9�>(�>  )G�� 9/@�{

^+�J ;�� .. ...�*��, 4� %R  WB�U2 +t#0} �)7 + D��i2 �+=i6B4 (4"#, "�4 ���, %�&�
��%�&��>( )G4� �+�f2 t#G�, �6D5 ;4 +(�> t�2 �� �> %�&� X�$ ���>  ,%4/0$ 
�� �63$ =0*  #�	 t#0} .

�6>�/U�  ��N,�)! h,�02 9=G <��G4  !4(��� ��/2 �� %�&��>(+ t! ��#D, %4��4 �=�4
��� "�4 ��/2 ��+ �*42 �	=, �#WO+ T#� %�&��+ =G�, W_02  �/8P#>���4=� �/1+ ."�4 ;4

+� +  iU02  , ")�� ��, "�=0E �, �4=#2 Y�i#i@	 e�f�4�<�8)*� z*/	4=),4 9GPS �#W5/2
��#�4�p1�R+ "##W	 %+ V#��/2/CA Y�WB�U2 X�* Y�/\  iU02 �� %R V��)2/��/2
+ ���� + .R 9;�� ;4 =W, 1+�J ������� ;4  �/6� %�&��4��,(+6#G <�8&��2;R  ,��i)02 
+ =���� ��4�, e;d Y�&��2;R %����(�=W2 j#!�	 "##W	 � �/6� �>(�� <=G �G4��, 

�2;R�6#G <�8&�+ %�)D#* <�8&�4� =G e�f�4 %�)DE/3, . B�i2 "�4 b#i@	 �+� "�4�,�0,
_#!�	�;4�4=#2 Y�i#i@	�+>�8&��2;R��*4 .
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�B�=- C=.B�����/DE �F

»"#$ «,�$ <A4+ V��*��� ��  ! �*4 ��0W2  , (» 6&E + t&E «2�+ �=G�, R ;4��f
�>�� �:G  !(��� "�4 ���; �>�_G  PO/7 ")G4� �g�J  , %�&�( ,» *�! ��  5=7

t&E «+ 9��4� ��g ;4�+ .R %/E �8�� 2 %R ;4 ����+ =G/1 9�*4  #_G  6&E V�  , ;4
2/, e��2 +� "�4�4� %R e�� �@2 »"#$ « )G4��+ �:G  ,  1/	 �,  !=�4 �>�� �#WO+(
��6D2 �, t*4 9%R��*4 .

,L�/g  3!�7�*  831 L3����� (0	 ;4 %�6$ L>  8L/�� �#3J �	 T2� �#WO+ ;4 �	4
"#2;*�0G�+A/B/��/2/CA(��D:� �Y+�n	 + <�/, �4��/J�, �>(��/2 (+��:2�%R �� 

�*4 t! ��#D, .+ ��  iU02 Y�,/*� �K!4 X01 + �*4 %��2 ��5/� �6D5�V� �, ���R 
�*4 <=G <=��G/� 4�2/380! �� �0*  *�2 �;��  �d.

A/B/��/2/CA ��@B ;4(��� "�4 9&N, �� %�&��37�* uUD2 + H�\  831 ;4 ����� (
+ ��4� �4�5 %�6$ + VE/! Y�$�n	�4 �/>�2  �	(<��!  g�74 4� %R H4�g4 =�4 . 024��>(��� 

�/G �3$  , %�&�(+ .R ���; 1+�J ����"#2; Y�/\  , �>(��/! <��! o�� (�`�  , 
2�+ =0*� A/B/��/2(\�J �<�4� %R  , =�4 )�:G �.(
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'  7)�(7:+ ���+ ���3 1�23�� ��; *�<� -*@ *�����A �,�5������G, 

��� "�4 �#:&	 tD#��:2��� �� �/1/2 ;��  ! �*4 Y�/\ "�=, %�&� w�6$4 ��  ! %�&�
 �d ;4 %=2R d�, "#7 �� 9<=G �#:&	 "#2;�>(+ .R ;4 |�_G4 2 �/_$ ����+ =0! �R4� ��

2 "#2; uU*  , �/J �,���+R .4��� |/�  , �)&#, tD#��:2 "�/):	  ! %�&�	:#�;4 �� =G�, 
, ��4/$WL=(%�&n&	R 8)D, 9�>�+ ��4� GL/#{G 9��� ^+�J L+ �: A/B/��/2(4� %R 

2��;�* .2 .I�� + ;�� �!�7 <�8��1�b6$ ;4 =�4/	��	���)2/3#! =G�, "#2; uU*  , (
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���+ �4� =>4/J �#:&	 %�&�����  ���>(5�L��� %/24�#� b#�LG "�� %�&L+ <= �/	{
,�3:G�2 �/1+  , 4� ����+ =��+R+ lN&2 M+�N2 =5�� %�&� �/, =>4/J V#�#	.

/#G{+ �#B�W� /@�{��� "�4 ;4 ��� ^+�J ��� ���* �, cI! %�&�%�&��>(%�)*4 
��� "�4 4��; 9�*4 Y+�n)24�4� + �*4 M+�N2 =5�� c�_��i	 %�&�( PO/7 4(.R ;4 /362 

2 ���+���� ���* HIJ �, "�4�,�0, �=G�,%�&� �4+�  ! �>�>(3�� �<=G ^��J ���R  ��>� ;4 
++� ;4(2 ��;4�* "#���  ,  024� ���� "�4 �� 9=�/G+ .R ^+�J %�&� /#G  , ���<4(

2 Y�/\ �/?N2�+ .R ;4 ��  &#6>  PO/7  ! /@� "�=, ���#� + �*4 �����4 �,
��� �#B�W��> z*/)2 �/g  ,  ! %�&� ��	�yV�  #��� 2 e�f�4 ��,��4=i2 9�/G(+ .R 

G/� ;4 %�G/1 Y�/\  , ���],�- x�6G �2 %4�/� %R .�- +�+ =0! �� <=G ^��J �4/2
4�� + aN�  PO/7 �J4�2 <=0!�W5/2 �)6! ��� aG/1+ =�/G�2 hU5 �+ �/G , %4�/�  

+ tC4� �/g ��4�  24�4 t> �* �&� )�:G q.(
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)�(�� H- 1�5�2� �D�H.���6 "� 7:+ I-�J 7:+ .KL�
 
��M N��  �6 O3�- P$�) ��� *�<� 

��� "�4=74+  ��>� %�&�(4�, (+ ��4=� ��� ^+�J + .R ^+�J %�:2 c�6C4� ���J4� �� �
+ <�4� %�:2 �##p	  PO/7 2 �f,�1��/G ..�_7 �/!�2 %�&� ����>(:E/! � , + ��4� 

��� �,  1+ �#>+ ��4� �4�5 %R Y�+�f2 ��  ! ���� %�&� .�_7�>(��T, ��#D, �%R �� 
2 �#:&	��D#�  D��i2 �,�5 9�/G .


+Q=- ���P������G,7:+ P=�B������ -*�<� 

��� cd/\4%�&�+ �:G ;4 �> A/B/��/2(��D:� ��s�+ + =0)D#� �4��/J�, ��>(V#��/2/CA 
+�/2�R V��)2/���&� ��� ;4 ������  , 2 w�� �8�� %�&��=0! .�s�+��>(�)2/��/2 �V

���, "#$ %�&�  x+=1 ��G ��*4:
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N-&?)�(
+Q=- 7:+ P=�B������ �����; *�<� 

+Q=-
P=�B������ - R� =+Q
�B������=P

�� �:G%�&� 
��� "�4 %R (�1  , + ��4=� ��1/	 �,�5 M+�N2 %�&�
 PO/7+ .R ;4 /362 (4 ;4  ! ��4� �Q#, �:G  , ���

��� ���* �, �`� "�4%�&� )G4� �&7�� Y+�n	 %�)*4 (�>
+�)&#, (�>4��=B�!  , )Caldera (  ��>� �� �/1/2

%�&n&	R��4� �>�_G �> 
 ��>� ��W,4��  PO/7 �)2  , %�&� �� S�T, �U5 %�&���+%R VE/! �U5'��*4 �)2

��  PO/7  ��>� �7�D2�)2  , %�&�
h,�2 

rm/m��r c�_��i	 �� h,�2 �)2 m�/y��):> 

�� <=$�5 uU* �� �! �7�D2� , %�&�
h,�2 �)2 

�� �! �7�D2�w/� x/2�� ��*4 �, %�&� �!�B4��y'q 
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�:G �Q#,  ��>� z#@2��� , %�&�
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��  PO/7 |�n	�4��)2  , %�&� 
�� "�4 |�n	�4�����	 �� %�&��m/��/��<�8)*� z*/	 

GPS 9�r+ ���� uU* ;4 �)2 �+=7��	�/�uU* ;4 �)2 
<;4=�4 "#2;=���� (�#� 

�� tf7�jW:2 �)2  , %�&� ��y'q �	 �/qqym'jW:2 �)2 

 ��>�  PO/7 b6$���%�&� 
 3#*+  ��n*�)2+ �D#� lN&2 c�i#5� %4/),  ! t> (4

<;4=�4 4� %R b6$�/_� ��#)J4 �� ��! (�#� .Y4=>�&2 �B+
�� "�4 ��:2 ��4=#2���:7 �B�>4  )n� "#0P6> + %�&�

��4� %R ���; b6$ ;4
 024� j#G��� 1��  , %�&� "�4  024� j#G���%�&� z*/)2 �/g  ,+ t! ��#D,��	

�<;4=�4  1��  ! �*4 �B�7 �� "�4+ �*4 <=G (�#�
��� ;4 �J�, M+�N2  024� j#G%�&�a#,  , %�)*4 (�>

;4'��2 t>  1�� =*� 
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1+�J .I�� %�/, b#5�  ,  1/	 �,���� ;4 	�/\ �� 9%�&���#B�W�  ! ���%�&��;=G�, ��
�/G �� .I�� ;4  PO/7 +4�f2 b��g ;4 %R �4;�2 9(,/01 �V� �� X�*+ ^��J  PO/7 

�+=7 |�WG �	 9��4� �4�5  PO/7 w�G ��  ! V���, x���!�yy�)2 (2 %���1 �=,�� .
�4=#2 Y�WB�U2�2 %�&� ��2��+ .I�� %�/, b#5� �3$  ,  ! =>�(94/> =7 ;4 a#, 

&N,�U* .R ;4 @�W5/2 �)6! 9���0K)*4 h54/2 Tf, + <=G �#N_	  PO/7 �.I�� �4;�2 
+ ^��J  PO/7 ;4 2 %���1�=,�� )�:G '.(

7' )!(7:+ 6�"�� .) .KL�
 
��0? ���S� @- I��J *@ "� T�&�A *�=�? .KL�
 U�  1�> .�

�&0) 

�� "�4���%�&�.�_7�>(��T, ���  !  E %R  ,�&2 ����� %�&�2 <=�� ����/G �/1+ 9
+ ��4=� 2 �`�  ,�3\4 �#B�  ! =*��1+�J ;�� �/_6!  , M/,�2 %R ��24 �=G�, %R ;4 
.�_7�>(�> z*/)2 �/g  , <=G =#B/	 VE/! q�	��V�  #��� 2 �#:&	 ��,�+ =�/G 

�+=7 ���R e4+� Y=2��	�<;4=�4  #��� �#�(+ <=G 2 %R ;4 X��=0!�	.
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,���J ��� 1+����%�&�2�!L)2 cIL� 4��; 9�*4 �#pL���>�  EL �>(�f,�1 c�6C4� x�W� 
2�+ =�/G ��D:� �#B�W� x�* x/g ���B+ 9=��4=� �,��1+�J ��� �z*/)2 �/g  , ��	q

2 ��+R �,  #��� �� �)#B��/G .
��� .R ���+ <�#	 9%4+4�� �I24 �/1+ �3$  , %�&� + �*4 �=! ��� ���(�>+ <;�	 

,/g�2�<��! %4�/� c4=�=1  ! =�4�)D!�J 9(B+ <�#	 ���� �>(6�=5 �+=#n* c�_��i	 9V&J
�)D!�J  , ���6)2(2 "G+� �=G�,.

+ .R <T2 1+�J ������� ;4 + %�/, ���#35 �g�J  , %�&� %�/, d�,pH 9���+ .R 
cI2�! �/G �*4 +"#2;�>(o�<��!  024��>(t!j#G ���&�9%� =��2 "�4 |/O/2 �*4.

�2�(+ .R 1+�J �����$�* ��  ! �u_\ �m/��/��<;4=�4 �#�(, 9�*4 <=G  
x+=1 ��G�2�=G�,:
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1+�J ����+ b#5� cI2�! %�&� ��� ;4 + �*4 �4=,R ��� ���*  , �_D� %R �`3-%�&��>(
c�_��i	 %�)*4 �*4 t! .�`3-�=5  , ���(2 "#��� ���� ;4 cI! .R  ! =G�,�>("#&�  	 

+ <=G 4=1 <=G  E���� Y�/\  ,+� �, VE/! (4(��� 2 ���6��/J �>�=0! .;4q �/6� 
3����	 ��  ! ���>(�m/��/��9��/�/�'+�m/��/�'��� �G4��, ��� �� �`3- 9=
�B V#, .I�� �)#"���	qy<;4=�4 =\�� �#�(=G.

pH+ .R 1+�J �����$�* ��  ! �u_\ �m/��/��<;4=�4 �#�(�+=7 9=G �/�+ �/, 
=��*� Y�_�4  , 4� %R %�/, ���#35 .2 �`�  ,�+ .R %�/, �/G =*� a�4T�4 �$�, ���pH %R 

=G�, <=����.

7' )Y(7:+ P$�) .$�=�6 "� 
<Z� - *�<�*@ 7:+ *6�� F�3�



��s�+"#$ %�&� ��� �:�A/B/��/2/CA (�>... ���� 

.���� 
=����  - 
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�2;R�Tf	  , M/,�2 Y�&�@	 +  3#� �#T�:�G +#6#��� �/6� e�6	 �2;R �� �>�G <�8&#6�
&�4�L* <�8#=G e�f�4 %�)DE/3, + %�)D.2 ��1L� �4/J  WB�U#T�:��L �/6 ;4 �>
0:	#V�>(��� <��n)*4 o3)N2 �=.4�,(W	##!�	 "#�=W2 j� �/6� �>4  WG4 �4�� 9�;4 X:
qg  ! =G e�f�4 <=G �G4��,  �/6� #6G �:G �� %R o<��r�*4 <=G <�4� %�&� .

7' )\(]�� �= ^'=� .2 � ���A XRD.���� ��

 ,  1/	 �,g#oXRD �/6� �>)�:G�(9;�� �>(W54+ ��*�0G ��;4 =0	��_$ <=G :CaCO3

)_2+�/	�+4 + x��/�4T8>#V(9Fe2O3)_W:2�(9CO3(Ca,Mg) )x4�=>/_2+�(9KMn8O16 
)�1+ ���E�(9Ca(Mn,Mg, Fe)(CO3)2)x4�=>/_2+�(9KCl)_W:2�(+CaFeO3)���E

�1+�.(!�	#�=W2 j��� �/1/2 �4/2 q��*4 �,  �/6� g#oXRD x+=1 �� q<=2R 
�*4.
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N-&?)�(.���� 
�&2� _�)�E ���2E C=�B� ]�� �= ^'=� .2 � ���A %6��>� �� ��XRD 

`0> a�� %6�� a�� N���� 
Hematite Iron(Ш) Oxide Fe2O3
Dolomite Calcium Magnesium Carbonate (Ca,Mg)CO3

Cryptoelane-Type OxidePotassium Manganese Oxide KMn8O16 
Kutnohorite Calcium Manganese Magnesium 

Iron Carbonate 
Ca(Mn,Mg, Fe)

(CO3)2

Rock Salt (Sylvite) Potassium Chloride KCl 
Perovskite Calcium Iron Oxide CaFeO3

Calcite& Limestone Calcium Carbonate CaCO3

�:G  ! �/U��6>r2 %�&� ��>/8B4 9=>�(4  WG4 �4�� �t> �,  �/6�  * �> �� X:
�*4  ,�&2 .3$�4 t-��_D� Y=G  ! "��#V�>;�� (�>(!=�4 o3)N2 �Y+�n	 t> �, 

B+ 9=��4��!�	 #�=W2 j� �/6� e�6	 �>(�i	 � ,�&2 c�_2 + �*4�)� %4/	#&02  ! ����  f�
 �/6� e�6	�>(�4 + �*4 %�D:�2 %�&�  B�D2 "��� ���  ! =>� ;4 %�&��b6$ V

W2#0�2 Y�/\ ��#x�* �� + ���>(�i	 t> o3)N2 ��*4 �,�� c�_.
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f	  , M/,�2T�5�,  #��6LY�0,�! <=D!4 �4/2  , �>#=(�*4 .0P6>#�2;R "�aDSC 
 �/6�p	 +� �>##2 %�&� 4� <=6$ ���2;R �,  ! =>��aTGA �4/N6>���4� .0@02�DSC 
 �/6�� �>#�:G �� T�y�*4 <=G <�4� %�&� .

W	 ��1##"+ uU* �7�D2� �/6� <s�+� ;4 �> BET �)�  !=G <��n)*4��� %R �
1x+= '�*4 <=G <�4� %�&� .



��� � ��&� 2���, + �#�4�p1 �&>+s� L �63$ (T��)T��_	 <�8&�4�(<��6G 9qr

N-&?)!(.���� %Q=- e�> 1
�	� ���2E C=�B�"� %6��>� �� �� �-� BET.���� ���� ���
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"* ��%�&�(�> %4��4  ,�+=7 qy�	'yx�* �4T> �_5 �2�,  } ���� �g �� 
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4 9�:G ��@B ;4��� " PO/7 |/� ;4 %�&�4(, + �*4  5� �g�J#%R �� %�/, b
�� ���* HIJ�,%�&����� �K2 %�)*4 (�>9����,��, 9�,�- + �5�G x/,4 �� 9��?#* ...

g+�N2�:&	 #�*4 <�4=� �.

�� "�4�D� 9"#2; uU* ;4 |�n	�4 ��@B ;4 %�&��	��� "�*4 %�)*4 %�&�.
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4 �� �`3-��� "D, %�&�#w/� %R .I�� + t! ��5� <��WB4#%�)*4 ��  ! �*4 b
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lN&2 c�i#5� �D#�  }R�"�4 �.R<�n* ;4 �/G (�> .R�0#2;��;  iU02 2 d�, �R��� =
.R  , M/,�2 "�4�,�0, ��*4 ���� �/G "##W	 �&02 �.R �1+�J �/G <4�6> ��� �, ��9%�&�
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