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Abstract: Bauxite deposit of Permo-Triassic age in northeast of Bukan was developed 
stratiformly along the boundary between Ruteh and Elika formations, and includes four 
distinct rock units. This deposit was affected by tectonic and morphological processes. 
Mineralogical and geochemical investigations showed that during weathering processes, two 
mechanisms of ferrugenization and deferrugenization played crucial role in formation of 
minerals such as diaspore, boehmite, hematite, goethite, kaolinite, pyrophyllite, clinochlore, 
illite, montmorillonite, anatase, rutile, albite, sanidine, quartz, and calcite in this deposit. By 
taking notice of field evidence and of mineralogical and geochemical data, the basalts (whose 
remnants are still present along the contact of this deposit with carbonate bedrock) are the 
potential parent rock of this deposit. The distribution pattern of REEs (normalized to 
chondrite and basaltic parent rock) along with anomaly variations of Eu, Ce, and (La/Yb)N
indicates differentiation of LREEs from HREEs during bauxitization processes. Further 
geochemical considerations indicate that the concentrations of LREEs were occurred by 
hematite, goethite, manganese oxides, cerianite, and secondary phosphates (rhabdophane, 
vitusite, gorceixite, monazite) and of HREEs by clay minerals, rutile, anatase, zircon, 
euxenite, and fergusonite. Incorporation of the results obtained from mineralogical and 
geochemical investigations suggests that in addition to factors such as pH of weathering 
solutions, ionic potential, composition of the parent rock, and fixation by residual minerals, 
adsorption processes also played crucial role in enrichment of REEs during moderate to 
intense lateritization in the study area. 
 
Keywords: Bauxite, parent rock, REEs geochemistry, deferruginization, host minerals, NE 
Bukan. 
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Name of unit Basalt HBRB HBRB HBRB BRB BRB BRB GCB GCB CB CB 

SiO2 % p:/:: p=/�< �=/�< ;:/�< �;/�� ?�/�; �;/=� �:/=? �;/=< =:/?= ?�/?? 
Al2O3 qp/�? �:/== ��/=< ?q/=: �:/=; :�/=: p�/=: <�/<p ��/<q p�/?p ;;/?� 
Fe2O3 =</� p;/:� �?/<� q�/<q �:/<q ?:/<? <�/?; �q/; p�/: q</q ?=/�
CaO �q/; =?/� =</� =?/� ?p/� �?/� p?/� =</� =q/� =�/� q;/�
Na2O ;?/? :;/� :�/� <�/� �p/� �=/� =q/� �?/� �;/� =�/� ==/�
MgO ?</< ?</� ;?/� �?/� p:/� ��/� �=/� <q/� <?/� ��/� =�/�
K2O �?/� :p/� ��/� �?/� ��/� �q/� qp/� :�/� ;?/� qp/? p?/�
TiO2 q�/� :q/= ?=/= �;/= �=/? =?/< q?/< �?/q ��/p q;/< ::/<
MnO ??/� �</� �=/� ��/� ��/� �?/� ��/� �=/� ��/� �=/� �?/�
P2O5 p�/� �</� �=/� ��/� ��/� ��/� �q/� �;/� �q/� �:/� ��/�
L.O.I =?/= <�/; =;/q p=/p =�/�� ��/�� :�/� ;q/�= ��/�= :�/�� q�/�� 
Sum p�/�� :�/��� =:/��� :�/��� p�/�� �?/��� q;/�� �=/�� p:/�� ;�/�� q;/���

U ppm = � ? � < ? ? : < < p
Hf : � � � = = = < : < <
Ba <<< ;pp ;�� :�� <q; <�� <�� <q; ?;� ?�� ?;� 
Th � =< == �: �< �= �� � �� �� �� 
Co �= <� ;� ��= �p �< pp �q �; � �� 
Cr :� �pp ��� ���� �<; ?pp <:� <�; ?�= ?p� �q� 
Ni ?= =pp ��� �;; �?� �?� �<� �� ��= ��� ��� 
Rb �� �� � ; q ; ; =? =� ?p <� 
V ��q �;; p�� �;� ���q ;:= q�� ;�? qp; :;� ?;� 
Y =q <� <p <q <; << <� :� :� <p <; 
Zr ==p <=� <=� ?<� ?:: ?q: ?p� ;�= ;:: <�= <�? 
Nb ?= <? <q << := :; :: q; p? :? <� 
Sr ?�� �q� �;? �:= �; �pq ��; <� <� =�< =;; 
La ?? ��q ��< pq �� �� pp =� =q =< ?� 
Ce <� ?�: ?p? =�< ==; =�? =�� ?; ?q ?p <� 
Nd ?= p; qq ;< := <; :� =< =� =? =p 
Sm p/; =p =: q/=� ;;/�: �=/�: �;/�< �=/q =/q ��/< :?/:
Eu ;:/� :?/p �;/q q�/; ;q/: ��/: q</< �=/� �?/� ;�/� ;p/�
Tb ��/� q�/� q</� q?/� pp/� p;/� p;/� p</� p:/� :p/� ;�/�
Ho �/� q;/� qq/� p�/� q;/� p�/� p:/� p;/� �?/� q�/� p</�
Tm :;/� ??/� ??/� ?:/� ?�/� ?�/� ?=/� ?�/� ?;/� ?/� ??/�
Yb q;/= =;/� ?�/� ?q/� :;/� ;;/� q�/� qp/� p�/� �;/� �q/�
Lu <�/� �;/� �;/� �p/� ��/� =�/� =</� =</� =:/� ?�/� <�/�
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D$,(���Y �/0,01 ��L �D$9`" ��4
!@�1 <;<

5#5#
��� ��

5#5#-#�&��E8�6����>���� 

`��" 7$� �/Y8 �@ �Y/& �@ "@ ��)�,* 6
��)�� 6Z4I3 �I@ -
�JD(�8�� ,IB� �$�*� $��I@ Z4I3 F*/I& �I@ F*/I41 '�(�I3�E 

��IIB�L*��J!IIL*8 D(4II3 ��II	$9 $II_� �� .��" �/IIY8,�II�D
3/�2&,0,&�2�)%�T,��3 8 �,!
6(��" F*/41 �@,�I�DQ�@ ,'!I��B
8$  7*�/&II,$��II"�E #%II3 !IIL*8 �� �D�II� ��� !II�*/&,II0�$II@ 

'�(�3�E �/�T ,3/4,0,* �&�2 I
 ��)I�� 6!I5�@ .��� I
�x"$& I,d
5,B,��
�)�� x�"/@ ,��"$& �I@ �I+��e� ��/I� I,I5 d,B,��


�Em
�"/@ $,��Z4I3 7* �I�	$9 ]�)� �IJD�� }I0��� ���I� 
�� }II0��� {�II��II, �]�; ��q[�II� F�)II��IIz !IIJ��/&8$  II, �

��B�L*�*
�@ ��)�� 6
�����l$��9 ��(43 D�mT I
	�� 6I,^
!II5�@ .*$@�II4@
�� [IIQ*8 ���*7�II@ D��(4II3 6'�II9��/E$@ !IIL*8 
�"/@,�a$3 '/�Q *D�&�4@$" $��@ D��(43 �@ ��3 �� �!�*/& 

*$@ �%3�4� �4
#9DI	$+� �F*/I41 �I@ FT '�(�I3�E ��IB�L* �

��)�� !45�@ .%3�>�x�/B� v,I3$& 8 �(��%BJ d
*$~ D�IJ�*
 �� F�)� '$,\�� 8� $X�41 !J�Ti �Nb �Zr 8YG,�I���  �I" 

�� �
�,B,I5 ]*$,,\& 7* F!��� u/W>� D*$@ �
j�@ D�I�E$B,� 
Z43 7* ��	$9 ]�)� '�7*/J�JD!I��*� ���*7�I@ ]�p�==[�� 

*
j�I@ �(��I%BJ ��)I�� 6�
)�:/��qq/�R=($(
!I2
 �I@
 �� F�)� !4J�)G25=.(I��@ ]��%1 �@ �I@ $IX�41 6I
* $G�I5 

$�&
��% 
�E*/42�- �� �*$	 
�J!4D�"/@ ,��I�e4� �� F!I5 x
4i �+��e� ��/��'!5 !�*����%�I� 8DZ4I3 �I@ �%�I� �I��T 

$�& F�5����
��% �3* '!��� �@�P .*$@�4@
{��� 6
��	��JD{/@$� 
��/B� �@ '$I,\�� 8� D�IJ�*�/B� �� ��,�"/@ D�JTi-Zr]=?[

)G25a?(80.0001-Nb/Y Zr/TiO2×]=<[)G25b?(��
l$��II9+Q/� II,II� �*$IIQ ���*7�II@ D��(4II3 ��9,!II�$ .* 7*
8$II4

 � *� ���*7�@ D��(43�GB�>� F*/41 �@ F*/& ���I� Z4I3 6
$I&
��)�� 6
*�	$9 $_� �� .

C9
F]*$,,\& D�J�*�/B� (a) TiO2-Zr �(b) TiO2-Nb �(c) Nb-Y �(d) Zr-Y�(e) TiO2-Y 8(f) Zr-Nb ��,�"/@ D�J!4
*$	 �- �� 
A�B5 �� F!5�8�EDF�"/@ .
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]�+��e����" f�,B" �"�E $X�41 �
�,B,5/RS 8 �3�45(REE)�� . . .<;:

C9
G��/B� �,+Q/� ��/� �,�"/@ D�J3�$@���$,\�� 8� D�J�*�/B�l(a Ti-Zr ]=?[8(b 0.0001-Nb/Y Zr/TiO2×]=<[.

5#5#1#*�H �+
 ��<+�'.�I*�< 
�&J ��K*I
�
II4��� D��II
7 D��oIIE�5 �%�II� !SiO2/Al2O3(Ruxton 

Ratio, R)9�7*/IIIJ �E�III5 ��III5 ,B,��
(Chemical 
Weathering Index , CWI) ���I3$9� �
�,B,I5 �E�I5 �

(Chemical Index of Alteration, CIA) �E�III5 �
I5,B,��
9�7*/IJ �(Chemical Index of Weathering, 

CIW)S`  �E�5 �
��3$9� 7`"/�(Plagioclase Index of 
Alteration, PIA)III3 �E�III5 �,0,��&,F�III�(Sillica-

Titania Index, STI) D�J!II4
*$	 ]!II5 �@�II
7�* D*$II@ 
'!5 ���4),  '�7*/J D��(43 �
�,B,5 �9�7*/J !I�*]=:�?�[

)A8!IIY=.(���II
�x�II�� 
II@ c�* ]�%II3�>� 7* '!II�T �II3�II
 6
�E�5 ��/B� �� �J�JD�"/@ ,��A�B5 D�8�E ��I�� �@ F�"/@ 
$

!5 �R*�* *$@ 'D��(43 D�̀ ��" 8 v��3 '�7*/J )A8!Y?(�@,$(��
 *$	 ]!5
�J!4D9�7*/J �5,B,��
9 G25 �� ,$D*
��)�� 6

�3* .7�@l\&,,]*$�;/p� �&q;/�p !IX�� D��I,�E�I5 F*#
��3$9��5,B,��
(CIA) Z4���" �� �JD*I
�� �I@ ��)I�� 6

$_� �*!�� 6�	$9 $_�D:�≤*
*$@ �E�5 6D��(43 D"�̀ �� 
v��II3)A8!IIY?(�2L �II
 $IIX�41 �8$IIE 7* �Na �Ca 8K�� 

*$	
�J!4D�"/@ ,��!%& $��@ ]��%1 �@ 8 F!5 
�J��V3!0	 GD
��" �@ ���� Z43,��D3����G�5D$,9*
��)I�� 6��*� .�I@

 7�@ �@ �Y/&l���%�� \& v" ,,0Q $X�41 |/BN� ]*$,��
0Q 8I,��

"�E���(4���" �� D�+��e� ��/� )<?/��?�/<(%�I" �I��T �
\& 7*,,���� ]*$
�E�5 $9�7*/J �5,B,��
(CWI) {�%4�3* 

II��II4i �/II5�9!II5�$IIX�41 Al �Fe �Ti 8L.O.I �8$IIE 8
)�@�$oI41 Si I- �*$	 
�J!I4D9�7*/IJ �7/& 8I
v_4��I� [

��",�I�DI3� �)$��I@ Z4I3 �BI3 �I@ UJ�I" (3 ��II, v��
!���7�@D�+��e� ��/� �3*)A8!Y?.(�@/(�* �@ �Y/&D7/& 
[
II4i 8�9!II5�$IIX�41 Al �Si 8Fe ]?�[)G2II5<(*$II5 �
k

2)II& �� kII3/�� F!II5 �II�
$&j,�J!IIL*8 GD#%II3 8 .$II" 
$��"�ED$&j 8
��!I5 F!I5 
9 G2I5 �� !I,$D�J!IL*8 D

a$3 8 D$YTa$3'/�Q �3* '�/@ ��$WB2L ��3 D* .

$�+7F��oE�5 ]�o�)� �X`ED9�7*/J �'!5 '��W�3* * �� 
6)J8n  ��"�.

Reference Formula Abbreviation Name Index 

]25[SiO2/Al2O3Ruxton Ratio R

]26[(100)[Al2O3+Fe2O3+TiO2+L.O.I)]/all chemical components Chemical Weathering Index CWI 

]27[(Al2O3+K2O)/(MgO+CaO+Na2O) Vogt’s Resiual Index V

]28[(100)[(Al2O3)/(Al2O3+CaO+Na2O+ K2O)] Chemical Index of Alteration CIA 

]27[(100)[(Al2O3)/(Al2O3+CaO+Na2O)] Chemical Index of Weathering CIW 

]29[(100)[(Al2O3-K2O)/Al2O3+CaO+Na2O-K2O)] Plagioclase Index of Alteration PIA 

]30[(100)(SiO2/TiO2)/[(SiO2/TiO2)+ (SiO2/Al2O3)+(Al2O3/TiO2)] Sillica-Titania Index STI 
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D$,(���Y �/0,01 ��L �D$9`" ��4
!@�1 <;;

$�+7G��/B� �� �9�7*/J D��oE�5 $
���� A�B5 ��,�"/@ D�J!L*8 �@ {/@$� D�J�8�EDF�"/@ .Z43 D*$@ ��oE�5 D$_� $
���� 8 v��3 
A8!Y �@ {/@$� [@�4� 7* '�7*/J
'!5 C�%�Q* *!�.

Abbreviation Name R CWI V CIA CIW PIA STI 
Optimum fresh value >10 <50 <1 50≤ 50≤ ≤50 >90

Optimum weathered value 0 100 Infinite 100 100 100 0

Sample No Unit Name 
RST-1 HBRB 65/0 29/83 82/20 37/94 67/96 59/96 59/37 

RST-2 HBRB 60/0 40/83 26/18 70/96 11/97 10/97 20/36 

RST-3 HBRB 58/0 63/83 18/16 43/97 54/97 53/97 50/35 

RST-4 BRB 39/0 23/88 97/19 86/97 26/98 26/98 92/26 

RST-5 BRB 64/0 16/83 73/98 76/98 42/99 41/99 63/36 

RST-6 BRB 78/0 70/76 97/11 96/89 47/92 26/92 60/40 

RST-7 GCB 51/0 32/74 62/59 11/96 24/99 21/99 87/30 

RST-8 GCB 51/0 23/73 67/56 81/95 10/99 06/99 05/32 

RST-9 CB 83/0 15/63 67/69 07/90 73/98 59/9 99/42 

RST-10 CB 84/0 75/63 87/34 39/93 59/97 47/97 43/43 

C9
M��/B� �,+Q/��)�� D�JxA�B5 �,�"/@ �8�ED$,\�� �3 �*�/B� �� F�"/@ lSiO2-Al2O3-Fe2O3]w�[*$	 6,,+& D*$@ D�J!4

�9�7*/J .

5#5#5#
��
�<�6�* �'I�& �NREE�< O ��
*�H ��<+�'
 ��!��
)+
 

&$&,�*8*$	 d�REE * �� �IJ I
 ��)I�� 6I@�]�/IXCe>La> 
Nd>Sm>Eu>Yb>Ho>Tb>Tm>Lu �3*)A8!Y�.(7�@l

\&II,,*$II@ ]*$DLREE �IIJ)La �Ce �Nd �Sm8Eu ( !II5
!
)ppm;?<���(*$III@ 8DHREE �IIIJ)Tb �Ho �Tm �Yb 8

Lu ( v")ppm<�?(�3*.[
7/& D/(�* REE �J��N4�@ '!5 
�
�!4" d,"$& �@ �%��)G25a:(�� F�)� �" !J�REE �IJ
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]�+��e����" f�,B" �"�E $X�41 �
�,B,5/RS 8 �3�45(REE)�� . . .<;q

1

10

100

1000

La Ce Nd Sm Eu Tb Ho Tm Yb Lu

B
au

xi
tic

sa
m

pl
es

/C
ho

nd
ri

te

RST-1
RST-2
RST-3
RST-4
RST-5
RST-6
RST-7
RST-8
RST-9
RST-10
Basalt

a
)

0.1

1.0

10.0

La Ce Nd Sm Eu Tb Ho Tm Yb Lu

B
au

xi
tic

sa
m

pl
es

/b
as

al
t

RST-1
RST-2
RST-3
RST-4
RST-5
RST-6
RST-7
RST-8
RST-9
RST-10

b
)

*$	 �-
�J!4D�"/@ ,��F!5 �
*!Y K/��3�'!5 !I�* .*I
6
�
*!Y !@ 
�9!I5 �I4i �I" �I3* '�/I@ ]�/X 6LREE �IJ

 �@ �%��HREE !5 �J
4i 8 '�/@ $&!�9!I5 �LREE �I@ �IJ
�#�
&�4@$" $��@ Z43 �@ F!5 ^��@ZI4JT $�& 
��I% IB_4� �

�3* ��5*� .8*!& .*
/I(�* 6D�
*!IY LREE I� *� �IJ�F*/I&
��,0�$@'�(�3�E ��)I�� 6I
* D*7�Y$@ ��I�*� ]?=[.D/I(�*

 [
7/&REE�JD��N4�@ ���*7�I@ ���I� Z4I3 �I@ �%�I� '!I5 
)G25b:(�)� F���!J�"LREE �I"/@ !IL*8 8� �� �IJ,�

$��"�E #%3 8 .$"D�&�8 8� �� 8 '!5 !IL* a$I3 $IYTD8
a$3'/�Q*D4i ��3 �'!5 !�* .*
��L �� 6�UI�@ �I" �3* 

�_L`� G@�Q*D7*HREE �- �JG�5D$,9 !IL*8 ��I�H $IJ 
(43�3 7* ,'!5 ���E '�7*/J v��!�* .�� $_� �@ /)��5 !3�

 8�&���)�LREE 9 G25 �� �J,$D*
3 6,!���7�@ v��D�I@ 
]*$,,\&pHGI��1 D���/(@T �7*/IJ �9!I5�@ ���I@*8 '!I44" .

pH8 /)I��5 �I1�@ dI,&$& �I@ j�@ 8 6,
�  D�J �I& ���I)�
LREE � �9�7*/J D�J!4
*$	 �- �J�!�/5 ]��??[.*$@�I4@
6

pH�JD3*,!D*$@ D/)I��5 DLREE I- �IJ�G�I5 D$I,9 
�J!IIL*8D$��II"�E #%II3 8 .$II" D8pH�IIJD0QII,��
*$II@ D

�9�7*/J G��1 D���/(@T *$@ D�&�4,)�LREE I- �J�G�I5-
D$,9 �J!L*8 Da$3 $YT D8a$3 '/I�Q *D$I_� �I@ GIB�>� 

��!43� .d��e� �@ �Y/& �@ '!5 ��
 D/)I��5 �0IX* GI��1 �
HREE (43 !L*8 8� 7* �J��"/@ ,$��I"�E #%I3 8 .$" �D�

*�j�B�L @���@T m/W� �e3*8D/YD�@pH3* ,!D!IL*8 8� 7* 8
(43��"/@ ,�a$3 '/�Q *D8 ��3 a$3 $IYT DI@�eI3*8x

* �@ �&�4@$" �*!
�  ��/
 D���20VB" G,2)&
$IX�41 6)$IP* ��
�h4E D7�3pHfT 8�8$I	 D�JD/IY Dx0,I38 �I@ ��(4I3D
&�4@$"�$��@ (�3* '�/@]?<[.

C9
P(a]*$,,\& D/(�*REE� '!5 ��N4�@ ���*7�@ ���� Z43 8 ��,�"/@ D�J!L*8 �� �J 8 �
�!4" d,"$& �@ �%�(b ]*$,,\& D/(�* 
REE A�B5 ��,�"/@ D�J ��/B� D*$@ ���*7�@ ���� Z43 d,"$& �@ �%�� '!5 ��N4�@ ��,�"/@ D�J!L*8 �� �J�8�EDF�"/@ .
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D$,(���Y �/0,01 ��L �D$9`" ��4
!@�1 <;p

5#5#Q#�RR6�* 'I�& RR� NLREEs/HREEs �(La/Yb)N �� 
S����8�I*�< 

\& �%�� I,, ]*$LREE/HREE �� a$IB,� 7* '�7*/IJ q?/=� 
�*�?p/=�? \��,�@ 8 '�/@ $ZI4JT ���%�I� IB_4� ��BI3 �I@ 

�/+X !�8� $��@ Z43DI� F�)I� �!IJ�)G2I5;.(%I3�>�x
\&,,]*$ �%��(Labauxite/LaChondritee)/(Ybbauxite/YbChondritee)] 
�� a$B,�!���7�@DI� F�)� ���I�� �I" !IJ� 
* $I
7* �%�I� 6

=</�= �& ?�/q� \��,�#� �@ 8 '�/@ $
F!5 ^$��I@ Z4I3 �I@

*#	* !�8� ^
)���*� )G25;.(*$@D3�$@ �* �01 
\& 6,,]*$

 %3�>� �@ ]���%�x�%�� �(��%BJ d
*$~ �JD'!I5 ��I
 �� 
0X* $X�41 $@*$@�!�7�3 l)Al �Fe 8Si (��)���JD�I"/@ ,��

�+��e� ��/�z�$
v.@ c
��� �@ �Y/& �@ �$IX�41 '!�T �3�Al 
8Si (��%BJ �W4� �j�@ �
)<qp/��(�%�� �@�JD'!5 ��
 8

(��II%BJ�j�II@ �II%h� �
�II@ Fe)��/�>(II� F�)II��!II4J� .
(��%BJ,��D'!I5 ��I
 �2LI
�I" !I��*� FT 7* �LREE �IJ

 �@ �%��HREE * �� �J
��)�� 6@ �J ���,�IJ |�+5 GDI
�/�
��#@ �J��@ 8 $&D
�/�$�B" )����  UJ�",G
�/�(��>,Y$& �@

 >& �6JT D�J!,�"* k
*$5 ��
�,0Q '!5 fgY !I�*]?:�?q[.
*$	 $��@ ]��%1 �@
�J!4D��" 7* /)I��5 ,�I�DI3� �fgIY 8

>e3�x0,38 �@ ��" ,�I�D&�BJ I,&/9 8 �I,�
I2�GI�*/1 7* 
0X*�4i�9!5 �LREE* �� �J
6a$B,�'�/@ '�7*/J !�* .

5#5#T#
!'�����U�<Ce �Eu 
'7*!�* F�2�* .!1 �@ �Y/& �@ $IX�41 D$,9 f�I,B" �"�IEPr 8

Gd '7*!II�* D*$II@ �)IIJ8n  ��IIz 6II
* �� ��II@ $
��II�� D$II,9-

D��
��N4JEu 8Ce ��/B� �� �@ �'�7*/J a$B,� ��,�"/@ D�J
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