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Abstract: Aghadjari bauxite deposit is located in ~15km south of Shahindezh, West-
Azarbaidjan province. This deposit was developed as stratiform lenses along the contact of 
Rutheh and Elika carbonate formations. Bauxitization processes led to the formation of 
boehmite, diaspore, kaolinite, pyrophyllite, illite, hematite, goethite, anatase, rutile, and 
quartz. Ferrugenization and deferrugenization mechanisms are two important factors 
controlling distribution of elements in this deposit. Mafic igneous rocks are the potential 
protolith. Obtained data show that elements such as Al, Ti, Fe, Zr, Hf, REE, and Nb moved 
down from the upper horizons to the lower parts of residual system by organic complexes 
during kaolinization processes. The carbonate bedrocks played dual roles in distribution of 
elements in this deposit. These rocks neutralized the acidic weathering solutions causing an 
increase in deposition of iron oxides and hydroxides which in turn due to their adsorption 
capacity caused considerable concentration of Cr, Co, and LREE in lower parts of the bauxite 
horizon. On the other hand, the carbonates by forming stable ionic complexes with HREEs 
caused these elements to drain out of the residual system. 
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Boehmite �= �� �� �� �= �
Diaspore � �� �> �� �� -
Kaolinite � � �� �� �= >� 

Pyrophyllite � = �� �l �� �� 

Anatase - � > - > >
Rutile � � - > � =
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SiO2 % 34/43 65/16 15/14 25/16 26/26 37/26 11/26 65/34 37/40 16/43 20/42 

Al2O3 61/14 35/19 06/26 49/24 36/22 16/24 35/22 31/28 51/22 05/34 87/33 

Fe2O3 06/21 70/47 95/47 36/43 92/36 60/37 61/35 31/19 83/18 94/0 52/1

CaO 13/7 23/0 39/0 14/0 09/0 19/0 33/0 19/0 17/0 24/0 30/0

Na2O 09/3 02/0 07/0 01/0 01/0 01/0 02/0 01/0 09/0 08/0 13/0

MgO 90/1 92/0 85/0 10/0 09/0 11/0 01/0 08/0 30/0 46/0 72/0

K2O 47/2 03/0 10/0 16/0 05/0 22/0 25/0 04/0 03/0 20/0 27/4

TiO2 78/1 15/2 91/3 21/4 30/3 06/4 75/3 59/4 90/4 07/6 67/5

MnO 15/0 02/0 15/0 01/0 01/0 01/0 02/0 01/0 01/0 01/0 01/0

P2O5 12/1 09/0 06/0 08/0 05/0 12/0 09/0 08/0 01/0 06/0 05/0

L.O.I 01/3 50/8 01/6 76/5 15/10 69/9 06/11 18/12 43/12 51/14 10/11 

Sum 57/99 67/99 70/99 78/99 54/99 45/99 90/99 45/99 70/99 79/99 84/99 

U ppm 1 1 1 1 2 5 4 5 5 22 19 

Hf 3 9 8 9 7 7 8 9 5 18 14 

Ba 534 500 444 491 280 282 286 439 557 242 355 

Th 3 3 4 4 3 4 4 10 9 19 15 

La 56 295 246 354 196 65 61 36 30 22 25 

Co 9 101 97 79 61 49 53 43 83 1 1

Cr 130 1005 936 388 197 311 388 98 350 274 361 

Nb 34 45 48 49 51 48 49 50 24 76 74 

Rb 30 6 9 7 5 9 7 7 7 87 66 

V 200 1075 1022 752 905 573 617 578 348 450 451 

Y 50 17 22 19 9 12 15 12 47 28 60 

Zr 156 239 274 299 301 306 314 394 216 573 480 

Ni 30 165 95 135 63 52 141 178 76 9 105 

Sr 222 152 101 287 182 462 358 352 49 190 16 

C.I.A. - 57/98 89/97 75/98 33/99 29/98 39/97 16/99 73/98 50/98 22/95 
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:- $7)��(4 :K=�9�2U�%MCB = �|�� $7Q �/�%2DBRB = &�'M �/�%2D@'AC ;CBB =*2�M �/�%2D�)f58 @-.

Eu/Eu* = (Eubauxite/EuUCC)/ √ (Smbauxite/SmUCC) × [(0.66Tbbauxite/TbUCC) + (0.33Smbauxite/SmUCC)] [13]
Ce/Ce* = (2Cebauxite/CeUCC)/(2Labauxite/LaUCC + Ndbauxite/NdUCC) [13]

Ce/Ce*Eu/Eu*ΣHREEΣLREEΣREELuYbTmHoTbEuSmNdCeLaName of unit

��/l�>/l��/���/�� ��/����/l�l/���/l�>/l>�/l=�/l�l/=�����lK

=�/l��/l�=/>��/�����/���>�/l��/���/l�=/���/l�>/l��/����l��MCB 
��/���/l��/���/>>�l�/>���l/l�>/�>l/l�l/�l�/���/��l/��=������lBRB 

=�/��l/l��/>��/��l��/�����/ll�/���/l�l/��l/�=�/�l�/>=�=>>����CBB 

--�l/���/�>l��/�>�>�/l��/�>=/ll�/��>/l>=/���/��/�����=Diabase 
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$()]�[.
\2KT.� �K% �K/3/	;'/# ���K% �I/"� �� ":- ')\�KD @�KE��� �� 

oC�ll �K� S/5,K) ��2<'<� ; ���6'<� u
-'8 �� �2K8]�[
\�T"X- �",�� 9
- �� "�'K53T4 't- �� �?c6 @��� ; ��,	 ��

 ��"`�K6 @��/358'<� ; �"`�6 9/�: @�E;'/� �K/7/�2U�% :- @
�KK6- *$KK8 SKP�X .S
$KK() ; 'KK//{) 9KK
- @-'KKD 1:\ ]/3/KK6

\�T"X- "�6- *$8 9/��) �7/�:'
: @��DC Y3/6; �D]�l[.
Al2Si2O5 (OH)4 + 2SiO2 = Al2Si4O10(OH)2 + H2O

Kaolinite                                Pyrophyllite        
9/
�# @��"e3B �2oX �� :�)��C �-$K
�# �
�/��% :�	 Z
 ���/
�/3M

�KK�� �� �KK6- �?cKK6 @�KKE]�[.�'KK53T4 1$KK4 �KKD �KKA2) �KKD
 \�KT"X- SK/);� ��",K�� 9
- @;� ��2<'<� @�E$7
-'	 "'Kt- ��

 9/K�: @�KE;'/� 'Kt-�� :�K)��C �"`�78�23D b�� '//{) ; �"`�K6
 �6- *$8 SP�X Z/"�G�
� @�E$7
-'	]�[.�KT% �KT/� �
�K"�

 @�E&/���CXRD ��� H�, @'/+T,KQ ��/�KD �
-$A �% $7E�
���KK% 9/KKD9KKEC ; �KK6� @�KKE R'"�KK< ; SKK��5) �KK0 �� �-�

 �K6- �K"	'< O�2P �",�� @�E$X-;)S5K8>.(�
-$KA 9K
-
\�T"X- "�"(�K� u
-'K8 �� 9KEC mf?�- Yc6-; �D "�K) ; �K/X-

 *�-� z� H2K+DC �� Z/�K/3/6 $/K6- :- �K6� @��/��% �7/,�
�KK6-]�[."KK6- *'`\�KKD @�KK�/��% *'KK/{"� �KK6 �-�2KKT� :- *��^

 12/��"/) ; 12/7/�2�C 9EC ; �6� ��-� �-�)S58�(�K� H�,K�-
�K3X'� �KD �
�K/��% SK��5) YKA�� 'e� :- 9�2U�% $X-; �% $E�
 ; |�� $7Q �/�%2D @�E$X-; ��"/�%2D w� b���`� S/5,)
 $KX-; ; �K6� �/�K%2D b���`� S/5,) Y3X'� �D @'AC z'6

 *2�M �/�%2D-|7�K��% b���K`� S/5,) Y3X'� �D �)f58 @
*$/6� �"/�%2D 9EC$�-.
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<q
;�9/�: @�E�6�78!���% F�/T% 'P�74 �T/82UG ; �6�78 . . .�>�

;7�H9EC @��/��% �T% �T/� '
���� O-'//{)���% 'D-'D �� �-��.��c� ��2� S/	;'# �� �6� @�E.

;7�I��2T� �/.M2����% *'/{"� �6 �-�2T� �� @'A�BC �/�%2D @�E"/) ; 12/7/�2�C @�E12/���-�!���% �6� @�E!���% 9EC @�E�-�]�[.

D�1��� !� ��,�J��K 
�3KP- 'P�74 $
$8 O-'//{) �D �A2) �D �",�� �/�2);'# 9//.)

 �KKU&A ;)�%�KK` ���KK� 'KKP�74 S��KK8) (m;-$KKA�;�(�KK0
 �� 'e� �D S5,� �<�:-2E @�E$7
-'	$6� .�K% @'P�74 :- -d�

 ) 9
'K"T% �",K�� S/5,) �0 �� �"K8-� -� �'K? @-'KD �$K�-
 �6- *$8 *��^"6- �/�2);'# 9//.) .�-� H�,� ��/6�'D*�0 �% 

@��I7�D�� O-'//{) $
$8 �<�:-2E @�E$7
-'	Eu &/Q�� ��/�D 
�KK6-]��[.@��KKI7�D�� O�(KK6�?� :- �3KKP�X �
�KK"�Eu �� 

@'A�BC �",�� @�E$X-;)m;$A�(�� H�,� &/� O-'K//{) $E�
 @��I7�D��Eu - �� �;$KX �� ; &/Q�K� �",K�� 9K
l=/l*�2KD 

�6- .*�-� H�,K� *$K8 1�I�- @��/6�'D 9/7�TE @'KP�74 $K�-
 $K7���Al �Zr �Ti �Hf ; �Nb @-'KKD S/�K��"# 9
'",K/D @-�-� 

$7"�KE �<�:-2KE @�E$K7
-'	 �K0 ��"/�2);'# @��/<q
; �^X 
]�� ���[.@��KI7�D�� �D *-'TE *$8 ��
 'P�74 @��"(�� W/6')

Eu @-'D uK62"� ; �K�c7� @:�D�
� |76 �@$���:�D @�E$X-; 
*��M Y"62# ���M2	 [�D @��+76 �
�/T/8 a/%') @-(UCC) 

�KKK� H�,KKK� @��"(�KKK� �KKK6�'D �� �KKK% $KKK7E�Zr/TiO2

)S5KKK8 a=(�Hf/Zr )S5KKK8 b=(�Al2O3/TiO2)S5KKK8 
c=(�Nb/Al2O3)S5KKKK8 d=(�Zr/Al2O3)S5KKKK8 e=(�

Hf/Al2O3)S5KKK8 f=(�Nb/TiO2)KKK8S5g=(�Hf/TiO2

)S58h=(�Hf/Nb)S58i=(; �Nb/Zr)S58j=(�D �(��
 @��I7�D��Eu �� *�+"K6�` 'Ke� :- @'A�KBC �",�� @�E$X-; �

*'"�< 9/D @-UCC �K� �-'KM �K�c7� @:�D�
� |76 ;$K�'/< .
@:�KD�
� @��+7K6 �KD �",K�� 9
- ���T"X- ~�()�- �6�'D @-'D

9/�: R;� :- ���c7��74 �
�/T/8�D 'P�'?)]�>[*��^"K6- 
�6- *$8 .�'K?) �KD 'KP�74 �2Ke7� 9
$DAl �Zr �Ti �Hf �

;Nb ��2T� @:�KD�
� |7K6 ; @'A�KBC �/�K%2D �",K�� @�KE
 $�$K8 W/K6') WKE �D *'/{"� ;� @�E�-�2T� �� ��c7� .a
'Kx

 @\�D *$8 ��
 'P�74 9/D �+"�(TE�/l�<�:-2KE u` ; *�2D 
K6 ��E�-�2T� YTE �� *$8 W/6') LKcM -� �K�c7� @:�KD�
� |7

 �6- *�'%)S58a-j�.(@��+7K6 *$K8 ��
 a��c� �D �A2) �D
 �K	'.� �",K�� 9
- ���T"X- �/�2);'# H-274 �D ��c7� @:�D�
�

$�$8.
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23/34 ��X �@'<f% ��7
$D�4 �>�

;7�L{)//�(�� O-'�E@(a) LREE/HREE �(b) (La/Yb)N�)c(��I7E��@Eu ;(d)��I7E�� @Ce	;'# n'4 �� /�.��c� ��2� S.i'X
N����2� /%') �D �02D'� 'P�74 H$8 *&/�$7% a
�]��[� H�,� -��$E� .
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<q
;�9/�: @�E�6�78!���% F�/T% 'P�74 �T/82UG ; �6�78 . . .�>�

;7�M����2�C O-'//{) @�E�-�2T�Eu'D-'D �� (a) SiO2�(b) Al2O3;(c) Fe2O3����2�C ;Ce 'D-'D �� (d) SiO2�(e) Al2O3;(f) Fe2O3

H�%2D �'8 m�T8 �� H$8 �"/�%2D @�E$7
-'	 �0 �� .

D�5���#
*� ��-��*�N �O��O8 
b'/{"� �6 �-�2T� Y
�# 'DSiO2- Al2O3- Fe2O3]��[)S58

�(SK��5) 'e� :- �<�:-2E $7
-'	 �0 @'A�BC �/�j2D Y",��
9/�: �/.Kx H$8 �"
')\ ; H$8 �"/7/�2U�% u
-'8 �
�/T/8

 � u62"� ;�6- *�'% �D'I) -.'P�74 L
:2) �+�2+Q �D �A2) �D
 S/5,) �� H$8 �"/7/�2U�% u
-'8 �*$8 ��
 �-�2T� @;� �3P-
 �K"
')\ @�E$K7
-'	 ; |K�� $K7Q �/�%2D ; 9�2U�% @�E$X-;
 @�E$KX-; @'K/< S5K8 �� aK/)') �KD u62"� ; �/.x H$8
 �K6- *�2KD ��'^T5X �)f58 @- *2�M ; @'AC z'6 �/�%2D .

�'D �(�� '//{) �6La/Y H�,K� �.��c� ��2� z'T/� n'4 �� 
�� :- ���M2	 @��,�D :- �(�� 9
- �-$�� $E��<�)�l>�KD

 �/�%2D $X-; �� *q
; �D We7��� |7EC Z
 �D ���"?) @��,�D
*2�M �K6- �K"	�
 '//{) �)f58 @-)S5K8��.(9K
- O-'K//{)

 @��,K�D @'K/< S5K8 �� @$/K6- u
-'K8 H�2D W%�X �(�� 
H$K8 Z
�&� �D �
�/3M u
-'8 �D @$/6- u
-'8 '//{) ; ���M2	

�� H�,� -� �)�7D'% '"�D |76 �D$E�]�=[.@$/6- @���2+DC
 O�,K� ���K� |7K6 @��"
'/# a
'�) ; @$/6- �-2� :- \�T"X-

�"	'<$�-]��[.�KD z'KT/� 9/
�# �T6 �D \�T"X- ���23?� 9
-
�_7` ��)�7D'% '"�D @��+76 Y3/6;*$8 $�- .

D�C�PQ�
�J ���O,* REE � ��"-Q�� �Q� 6-Q� "�QR�!� 
��,�J��K 

LK
:2) @2+�-REE ���K� |7K6 ; @$K���:�D @�E$KX-; @-'KD 
�
�$7% a/%') �D *$8 ��I7�D]��[�� H�,� �K/3% �K% $KE�

REE �
�$K7% �KD �(�K� ���� |76 ; @$���:�D @�E$X-; �� 
*$8 �7B H-&K/� �K% O;�K^) 9K
- �D �$�- �<$K8 �K7BLREE  
�KKD �(�KK�HREE �KK6- *�2KKD ')$
$KK8 )S5KK8 a�.(9/KK7Q

 H$8 �-:C ��
�E2+�-REE �<�:-2KE �K0 -� �K/�;- @�K�/��% :- 
-� *$K�C �2KA; �KD b�:-2KE �-2� �� ���C H$��� �M�D ; �
�/T/8

�� H�,�$E�]��!��[.��K.��c� ��2� @2+�- �<q
; 9
'"T��
 $
$8 �<$8 �7BLREE *qK
; �D Ce �&� �KD *�K<��2`'D ZK


 �
-$A ; '"�D |76LREE :- HREE ZK
�&� �KD �",K�� �� 
�6- '"�D |76 �D H$8 .L
:2) Y�
���REE @�E$KX-; �� �E

 9/K(� �
�$K7% �KD �(�K� �
�/3M �T/� ���� |76 ; @$���:�D
 �
-$AREE *q
2KD �ELREE �<�:-2KE @�E$K7
-'	 �K0 �KE 
�6- .

LK
:2) @2+�-REE �D @$K���:�D @�E$KX-; �KD *$K8 ��KI7
 @:�KKD�
� ���KK� |7KK6)S5KK8b�(uKK�	 �KK% $KKE� �KK� H�,KK�

LREE ���K� |7K6 �KD �(�� ���"?) $X-; ;� �D ~2D'� @�E
 $�- *�2D *-'TE $
$8 �<$8 �7B �D @:�D�
� .a3B-LREE @�KE
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23/34 ��X �@'<f% ��7
$D�4 ��l

; �
\�D $X-; ;� �D ~2D'�HREE @$���:�D $X-; ���Q 'E @�E
 �K� H�,K� �<$8 ��) @:�D�
� ���� |76 �D �(�� $K7E� .�KD

 �3KP- 'KP�74 LK
:2) b2K?� �D �A2))Al �Si ;Fe) (S5K8�(
:- �
�/T/K82UG u
-'K8 'K//{) \�T"X- O-'//{) 9
- �3P- S��4
�6- �",�� 9
- 9
25) �0 H$8 �"
')\ �D H$8 �"/7/�2U�% .

�'?) �� if"`-REE a(6 �6- 95T� �<�:-2E �0 �E
$8�D *$8 *�:-2E @��`'T/� �� ���C �
-$A .�'?) S% ��

 9/
�#LREE �D ��
��� �� �EHREE g4�D �6- 95T� ��E
 �<$8 ��) W�� @�E2+�- ��I
-HREE �'?) if"`- ; *$8 

9/DCe ;REE @��I7�D�� ��I
- �D 'I7� '+
� @�E @�ECe 
$8�D *�:-2E �*$8 @$���:�D @'/< S58 ��]�� ���[.Y(6�?�

 @��I7�D��Ce� H�,� �"/�%2D @�E$X-; �� �;� �% $E�
 $7"�E �(_� @��I7�D�� @-�-� �",�� 9
- �7/
�# $X-;)m;$A

�S58 ;b�.(�� @��I7�D�� 9
- �"�,� �) �D ~�()�- �� $�-2)
 �?/A')Ce �/��
'6 ���% O�2P �D (Cerianite) u/?� �� 

$8�D [
��%- @�E]�> [ . @��I7�D�� Y(6�?�Eu @�E$X-; �� 
�� H�,� �"/�%2D$�� �% $E� 'E �� @��I7�D�� 9
- �->$X-; 

:- '"T% �.��c� ��2��:- ; *�2D �>/l�)�l/l�� '//.) $7%
)m;$A�.(�� �^7� @��
��I7�D�� @��/��% a
'�) :- $�-2)

 *$8 SP�X �<�:-2E @�E$7
C'	 �0 ���� |76 ��V6$3	
$8�D]��[.

;7�S��2T� �/.M2��BC �/�%2D �",�� @�E *'/{"� �6 �-�2T� �� @'ASiO2-Al2O3-Fe2O3]��[y2� 9//.) @-'D '	-�<�:-2E @�E$7
 .

;7�TL
:2) @2+�- REE �D �(�� *$8 ��I7�D �/�2);'# ; @'A�BC �",�� @�E$X-; �� (a ; �
�$7% (b L
:2) @2+�- REE @�E$X-; �� 
);'# �D �(�� *$8 ��I7�D @'A�BC �",���/�2.
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<q
;�9/�: @�E�6�78!���% F�/T% 'P�74 �T/82UG ; �6�78 . . .���

 

D�D���#
*� ��-��*�N �U ����� V"���# P�
�J � W�FJ 
���KKK6'<� �
�/T/KKK8 p`�KKK8 $KKK7��� @��KKK
: @��kKKK`�8

(Chemical Index Alteration, CIA) �<�:-2KKE O$KK8 �
�
�/T/8(Chemical Index Weathering, CIW) p`�8 ;
�<�:-2E(Weathering Index, WI)@�E$7
-'	 �D�
:�- @-'D 

$�- *$8 ���7,/# *�:-2E @��+76 �
�/T/8 �<�:-2E]�=!��[.
$KK7��� @'KP�74 �KKe3B YK
�# 'KKD ��kK`�8 9K
-Ca �Na ; �K

�<�:-2KE @��/K6�'D @-'KD �
\�KD �
-��K% ; *$K8 @�-d+��/7D 
�<�:-2E @��/6�'D @-'D ��; $��-� u62"� �) �/.x �
�/T/8

$7"�/� a6�7� $
$8 �
�/T/8]����l[.E&/���C �
�/T/K8 @�
 �.��c� ��2� Y�c7� :-)m;$A�(�� H�,� '
��K�� $7E�CaO �

Na2O�MgO ; �K2O��2T� �� :- 'K"T% �3/` �"/�%2D @�E
 $����� |76 �� �D�,� '
���� .'
��K��CIA �KD *$K8 �(K6�?� 

YcD-� :- *��^"6-[CIA = Al2O3/(Al2O3 + CaO + Na2O +
K2O)] ��2T� @-'D 2U�% ; �"/�%2D @�E �.��c� ��2� �",�� �7�

 :- '",KK/D��/�� %*�2KKD)m;$KKA�(@�KKE&%'T) �7/,KK/D ;
Al2O3�Fe2O3; �TiO2�KK�2T� 9KK
- �� *�2KKD \�KKD �KK3/` �KKE

)�l/�>%���/>�%;l�/=( %@\�KD O$8 '+��/D a/)') �D �%
�6- �",�� 9
- S/5,) �0 �
�/T/8 �<�:-2E $7
-'	 .

'"�D :- �5
 1'A O-'//{) O�(6�?� �K6�'D @-'D ��8;� 9

 �K6- $
$K8 �<�:-2KE @�E$7
-'	 �0 'P�74 �'?)]��[.�KD

 ���K� |7K6 ; *�:-2KE O-$K/�2) 9/D �TIX '//{) �57
- n'	
 $K8�D �K"	'+� O�2KP $
$K8 �<�:-2KE @�E$7
-'	 �0]��[�

�� 'k74 Z
 �'?) @��"(�K� O-'//{) $P �� O�2P �D $�-2)
 *$8 �^X 'k74 �D @'k74(Conservative) |76 �D �(�� 

�28 �(6�?� '
: m2�'	 S58 �D ����]��[.
%Change of ratios = 100 × [(Ri-Rp)/Rp] 

\�D m2�'	 ��Ri ;Rp �K^X 'kK74 �D 'k74 �(�� a/)') �D 
��2T� �� *$8 $����� |76 ; *�:-2E @�E .*$K8 �K^X 'k74 @-

 �� F��"�- 'P�74 �'?) Y(6�?� @-'D �% �� �K6- 95T� �28
'T/� $8�D '/{"� �3"�� @��` .*�-� H�,� *$8 1�I�- @��/6�'D

 �K% �6-Th �KD �(�K� Zr ;Ti �K"
')\ �<�:-2KE �K0 �� 
�K6-�-� -� �'?) 9
'"T%]�>���[.H�,K� 'K+
� @��/K6�'D

�� �KD�t ZK/	�� @��+7K6 :- 'KP�74 @2,K"�8 a/)') $7E�
 S?� Y3/6; �D ; *�2(�(site) �� ��/��% Y5(8 �� �2A2� 'P�74 
�� m'"7% �Z/	�� |76 $�28]��[.

D�D�/�6-��	 X�YF	 ����� (Conservative) 

:- ��/6�'D 9
- ��Th �'?) �D H-274 �D �",K�� 'kK74 9
'K)
$KK8 *��^"KK6- .O-'KK//{) O�(KK6�?� :- *$KK�C �KK6� �KKD �
�KK"�

 �K% $K7E� �� H�,� @'k74 @��"(��Ti �Fe �Zr �Hf ; �Nb 
- $
$8 �<�:-2E @�E$7
-'	 �0 �/�K%2D ; 9�2U�% @�E$X-; :

@- *2�M �"/�%2D @�E$X-; �� *��D;� ; *$8 �"�8 |�� $7Q
 *$8 9/,� �) @'AC z'6 ; �)f58 $�-)S58�l.(9K
- �'?)

 H�2KD W%�KX YcK6-; �D �6- 95T� �
\�D @�E$X-; �� 'P�74
 �$K8�D H-;-'	 ��C �-2� �2oX &/� ; �$
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