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� ��� ���. �.'5  b� ;�-b1� .
BC:
�1�C>* (�(� 2��6"� -"%2��*% ���;>�12�(�.5 2�7�� 

�
� �-�-�*# .��%�X �	�%�BC: �� 
�� �% �1�C>*;.#��%�X �
�#��(Coarse-sieve) ��%�X ���
?(Fine-sieve) �-1�'�

���*#);.#fN�( �.(��%�X �	�%��� aCv�( �+, �% �#�� 
(�# �� ��'	 81�> <��G@� ��� ��(
U%��� �� �
(*@v� �2

.'5 �O��� 94 ;���*# .��%�X��
#�� ?��b% �*b+% 8">(� �( 
��(-��12"X��(Ca �!(]ol.[+> : *" B�( $�b>�� b
 �of

�5nlOJ_ -V�� �(
0"! $.'5 (� �1 � ;�-1� .?5�(*b>��
��-_n�5fbOJ_ -bV�� �0"b! �b!( .��b>��b1�
;b�� 

G�4 % �a*D 5* ��> � ���125 (?/( ��2�
�&.'5  �-"1� ;-
2(
$��-_ � ��*% 0"!d�5fOJ_ -V�� �0"! -"@�1 .

�3�  A��&���>
+bV( �	�%�H4	�*b: �b1 �2OR �b% b ��2�b
�*b+% ?2�b!( .

BC:
�C>*if�5mf-"+D��*1 �-V�� ol�5of?5�(*b> �-bV�� 
ol �5 of��>� -V�� ��12�-> n�5gbOJ_ -bV���(?b/( 2
.'5 ( �-"1� ;
0"! $�1@�1-".BC:
1�C>* (�(� �2�b�6"� 
-"%2� ��*% ;>�� +:�@@"!  �� s
N-��(� .( �+, b
 �b	�% $

&@G#4��12	 ?
.�T# O ��
% =�@'� �6! ��  � �*b+% $
��(-� �� 
�� s sz*> I��!(]ol.[#�_ �2�� �@R*b! 

�1-"+D��*12(
0"! $�1H(�(�	 �!( );.#f9 �.(��>��b12
H�!����( -"5��D, �+> �<�"%�> 
��:( ! � <�- + *��� �
�.

B����>
( �	�%
0"! $��(�(2��> ���12BC: ;��# �-���! 
Q*� �C>*
�-�4
$����-_ elOJ_-V�� �: � ��-_ �� $�>��d�b5f

OJ_ -V���% � ?D! -"+D��*1 � 5* �d�5fbOJ_ -V�� ��
��>��12��-_ �-> dOJ_ -V����!( .�	�%\*:�+> @b s
� ( �� ?
$0"! � �1
� �-��*#.��b>��b12��b!��� �;��b# 

�!
� ��> � <�"%�> ����12!��-"@�1 );.#i�N�(.(

BA��&������C��@ >�!	
(
0"! $��-_ �1ml�5glBC: -V�� 
��C>*ol�5of-V��

��>��12	��  +> �?D!-"+D��*1 ;��# s :*" % � $�>�� 5* ��
of � ?5�(*>-V��f��> -V�� ��12-b��(� �-b> .0"b! �b	�%
	�*: �2�� �%  �"�
�!( ��(�?);.#i9 �.(

�	�% � 2� 	�*:���*+� ����%�X 2�1\*: +. @ s$b
( �� ? � 
0"! �� �-1�'� �1-�*# .��
�>*"	 ;b>�� ��C>*b
BC: 2�1-

N
�� 2�1+:�@@"b! sH4 �b+X( � -b��(� �b�6"� 2(�(� �b1
 -"@�1 2-"% .��6"� ���b> $
( �� 2-"% b1 ���'b� �<��bG5 �( 2(

 � b#�_ �b% 2?>�� 8�% �
� O # � >�5 �b!�1�*+% 2]oo.[
94 2(*b@v� � ���'b	 ��b�� �b% �C>*b
BC: �
� O b# �b >�5

�!( I��_ �+ R �O��� �� �*/*� .�@�14 ��'@�( 2Ca �Na�
Al�Si �� ���/( ��6"� �5 -1� � �*b# �bG_ �C>*
BC: 2-"%

 � 2�1-"
(�	 �R�"# 2(�% $
( �b� �(�b7 ���G@!( ��*� �
�O��-
�� � ]on.[0"! $
( �� ?D! -"+D��*1 ��b
�>*"	 ;.# �% �1

 �� �-
� �*+% ?
� ��*# .0"b! $b
( �� a*bD G�4 �*�b_ �( �b1
 ��(� �
�._ �O��� H�*% �(-%4]od.[�*+% �bO � -b"+D��*1 2�b1

;.#�% �5 �(� � #�_ � ��*% ;.#-��(� �@R*! 2.�-> H-b#
-"+D��*1 ���'� 2���% ��'	 � H] �>( ��-�?
�� H�*% P�% 

���b> $b
( ; .'5 $OM 94 $ b_ 94 $@b	� �b!� �( �
�O��� H(�*	 �!]oh.[

	!�C��@ >����B�A���A��&�� � >����B�A��� 
0"! $
(��(� �	�% �1��(� �" �� �% 2� 	�*: � 2( -��(� ?
�);.#m�

N�(.(
BC:
�-�4 Q*� �C>*
�( �5 $ *b& ��-b_ �C>ml�b5 mf� -bV�� 

?5�(*>f�5ol% � -"+D��*1 �-V��  5* �ol��Eb!-+	 �-bV�� 
�
� +7)�C>*5�((on�5ofOJ_ -V�� ���> ���b12.'b5  ;

( �-"1�
0"! $�1@�1-".����*5 $�12,�L# �b% $Gb!( ��-
� �;.# b
 5�:4 �$>� b  @"&� �� b  �+> �� b
 �b+> � � ( �� �b
$
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�CX�-Ov� �2�� �
$9*> H(�
( �!�"# ���> � �!�"#�*+% �+J� ���

0"! � �-1�'� �1�-�*# .��b��*5 �9(�*b# �b�6"� �� $�b12
,�L#���?�*� ?5�(*> �� 
�*
�-�4 � �
��12( �b% �(*bJO1 b
$
0"! .'5 �1 �!( �-# ;);.#m� � �9 �<.(����*5 $�12

��*bb��bb!��%(�(� 2�bb�6"� -bb"%2LbbM  bb# N O ��
� ��*bb% 
&��-"z�� H�'� �M(� �-"1�.

:7
DN�( :BC:
��%�X �	�% �% �C>*��b
9 �? :b#�_ ;.b# �� �b1 �*b� �-b"+D��*1 �� �@R*b! �XPL  �PL =BC: b
 ��C>*Hbl =�-b"+D��*1 
CPx =+> :*" $�>��.

:7
EN�( :� �� �P*�(�� �	�%
�*
9 �� :	�*: �	�% �2�� �%  � �" #�_ �% -"+D��*1 �*�_ � �P*�(�� ��. �@R*! �.

:7
FN�( :�	�%��(�(2� �� ��?�*
�*
��?�*� ?5�(*> � �
�*
����*5 �9(�*# � ,�L# $�:*.!��>�� ��*O� �� ���?�*� ?5�(*> 
�*
� �9(�*# �:
����*5 ��?�*� ?5�(*> �� $
�*
��6"� �2�*� �� 9(�*# XPL < �:����*5 �*�_ ,�L# $���?�*� ?5�(*> �� 
�*
�*b� �� 9(�*# ��6"� �PPL �

Pl =BC:
��C>*Qtz =>�?5�(*Tur = ����*5 $.
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-+/}����O# �����% �����0"! ��&�2# � O���> �����*5  #*\B �$ O��/ �
��&. . .���


�
���� ������� ��
�@�
?J5 F
�2�
#�(��: ?���> �����*5  ��6"� $2�� 9(�*# 

a�-/o�-�4 (-�.<�D!�v� I�!(�%J"!�[",�����*5 � $�12
��6"�2�(�� Q*� �( 9(�*# 
�]of[L5  $#% �> - �@'
$

� ���� �V�", H(?X(� Na �K.'5  � ;�-"1� )a�-/o.(
( �%
����*5 �I�!( $ $�12�� �v% ��*� ����*5 ���� $�12
+7 ��
]of[� �(�7�� -�� );.#g9 � N�(� .(� H(? 

FeO*= FeO/FeO+MgO����*5  $�12(
�( �@O> ��6"� $
i/l�!( .����*5 �� $��( �1 FeO*% �( 8g/l% -#�%  �&��

! H�*% �@�% �O��� S@��
�( �@O> ����"z �i/l���'� -#�% -
(2�(
/��R ��&@!�R s��5 �% �(�O1 ��'��12"X��(Al 

��(�]oi�om.[����*5 $�12��@�� �� 9(�*# 20"! �12
�"�: ��� ��&@!�R(2���:�@� � ��12�	 �+> �( � � S

0"!�12����*5 ?5�(*>  $]og[� �(�7�� -�� );.#e.(

G�3�H!��%��
#�(��: ?�*5���� $�12��6"� 29(�*# .
Sample No. o n d h f i m g e

SiO2 fm/di fo/di lg/df gm/di ol/di hi/di gn/dm id/dm go/di
TiO2 he/l gg/l oh/o hh/l dd/l ge/l dh/l lg/l ld/l
Al2O3 ig/ne ed/ne in/ne fd/ne hd/dl gn/ng en/ng ml/ne mm/ne
V2O3 ld/l ll/l lh/l lh/l lh/l lh/l ll/l ll/l ll/l
Cr2O3 ln/l ll/l lm/l ll/l ll/l lh/l ll/l ll/l ll/l
FeO id/m eg/m ii/g ne/g fh/m ei/m fe/g gn/m if/g
MgO ml/i gd/m io/m de/i dn/m eh/i gm/i nl/m fm/i
CaO do/o ll/n mg/o dg/o oh/o mo/o dn/o ig/o mh/o
MnO ld/l lo/l ln/l ln/l ld/l ln/l ln/l lo/l lo/l
ZnO ll/l ll/l oo/l ln/l ll/l lh/l ll/l ll/l lo/l
Na2O of/n eg/o fi/n nd/n ii/n em/o oi/n nf/n ml/n
K2O lo/l ln/l ln/l lh/l lo/l ln/l ln/l ld/l ld/l

F mg/l io/l hi/l il/l di/l eo/l ih/l ll/l ld/l
H2O mi/n dh/n ig/n fm/n de/n ng/n eo/o gf/n ie/n

B2O3* dh/ol de/ol hl/ol do/ol fi/ol no/ol nf/ol hm/ol dd/ol
Li2O* hd/l l l hd/l on/l ng/l dn/l hi/l dh/l
Total ed/eg hg/oll nf/oll oi/ee ld/ee il/eg og/ee og/oll mo/ee
O = F dd/l ni/l oe/l nf/l of/l dg/l nm/l l lo/l

Structural formula based on 31 anions (O, OH, F) 
Si ohe/i oli/i gil/f nof/i ehl/f nlf/i hoh/i nhg/i oen/i

T
B d d d d d d d d d

Z Al ggn/f gee/f ien/f gim/f i mgl/f mgl/f gon/f eln/f
Al l l l l ldf/l l l l l
Ti lin/l ooo/l nie/l lfi/l lho/l ooh/l lhd/l lol/l llh/l
V llh/l l llf/l llf/l llf/l llf/l l l l

Mg fio/o gfn/o fgg/o hmd/o mei/o fho/o fom/o feh/o ffl/o
Mn llh/l llo/l lld/l lld/l llh/l lld/l lld/l llo/l llo/l

Y

Fe2+ lmd/o ooi/o nol/o oie/o ldg/o odd/o nog/o lgi/o nom/o
£Y d lgl/d lem/d d d d d d d

Ca ndi/l dfg/l doe/l nhe/l nlo/l don/l nhl/l nee/l doh/l
Na mlo/l ihn/l gne/l mne/l gli/n ifl/l mol/l mnh/l ggo/lX
K lln/l llh/l llh/l lle/l lln/l llh/l llh/l lli/l lli/l

OH lei/d iol/n egi/n gel/n ind/n fgg/n oio/n ofi/d log/d
F hof/l dnd/l nhd/l dnl/l ogm/l hel/l dhd/l l loi/l

Mineral Name Dravite Dravite Dravite Dravite Dravite Dravite Dravite Dravite Dravite 
Mg/(Mg+Fe) fe/l in/l fi/l ff/l id/l fm/l ff/l fe/l fi/l
Fe/(Fe+ Mg) hlm/l dmi/l hdn/l hhn/l dii/l hnd/l hhf/l hlf/l hde/l

H2O* �B2O3*�Li2O* K�� �% J"!�[",��!( �-# �D!�v� .
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�CX�-Ov� �2�� �
$9*> H(�
( �!�"# ���> � �!�"#�*+% �+J� ���

:7
J����*5 �N�( $�12��6"� 2�(�*O� �� 9(�*# x-vacan/(X-vacan+Na) �%(�% �� Mg/Mg+Fe����*5 �9 � $�12�b! �(�*O� �� 9(�*# 
�5�
(X-vacan) - (Na+K) - Ca�]of[.

:7
KL7*� ����*5 � $�12�(�*O� �� 9(�*# Ca-Fe-Mg �]og[oT5�O&:  �(�� � \*@ �1-2"X�� �(  @ +:4 � S ��1nT�(��  \*@ �1-2�	b �
� �( @ 5�O&: � S �+:4 � �1 ��12�(�O1 dT+:�@� ����:�@� � �1 ��12"X��+> �(  0"! � S�12s��> ! + �5�.hT+:�@�  ����b:�@� � �1 �-
�12�	 �+> �( � 0"! � S�12����*5 ?5�(*>  $fTD#�<�"%�> �1iT�D#	��(�@��( s�1.

�
�
��� 
F
�b@� � �
�b 	(�c/ <�[@�� �b
?J5 �b�*O� �
� O b# 22�b1

��6"� �� 9(�*# 2a�-/n�-# ��(� H�'� -�( .
0"! �� ��6"� $
�34 2�1 H(? � �9(�*# 2SiO2�( e/fg �b5 

oi/ii 2- b!( �b5 Ub!(�-_ �b >�5 �$
(�%�"% � ��*% �  c5 �� 
-��(� .%��� 2(� 0"! �
� O #*\B 2-"%�1�O � 29(�*# Y O,

 �(�*O� �(TAS -b# ���G@!( ]oe.[0"b! �(�*bO� $b
( �� 2�b1
 �O � � Y O, ���b� �b% � ��*% �
� +7 �O � Q*� �( 9(�*# Y O,

�@�b%(� �b
�*
�?5�(*> � �
�*
� -b�();.b#olNb�( �.(2(�b% 
0"! 2�(�&��� �(�*bO� �( 9(�*# ���'G'54 2�1 (Zr/TiO2)

;%��� ��(Nb/Y) -# ���G@!( ]nl[��*O� �I�!( $
( �% �> �1
���bb� ���bb>(�5 � �
�-bb�4 2�bb1��� �
�-bb�4�bb� 2-bb"% -�*bb#

);.#ol9 �. (

0"bb! �(�*bbO� �� 9(�*bb# $bb
�34 2�bb1AFM]no[��
��@�� �� �(�7 �
� +7 b �O �+> 2-b�� �);.b#ooTNb�( (�

�(�*bbO� I�bb!(�% K2O�bb%(�% �� SiO2�
�bbO��� 2�bb! �bb% 
�O �+>_�
� +7)Ub!*@� S b!�@: (-b��(� Yb+L5]nn.[�b!

 0"! $
( �( ��*O� �-b""> (-b/ ��b� <���bJ� �� �1 ��@�b� 2
�O �+> �% �@ y�*5 2�!T�@	�� �(�7 �
� +7 -b�();.b#oo-

9.(0"b! -1(*b# �% �/*5 �% �b% -b"
(�	 $b
( �b+, ��b!�"#
 $b
( �b% ���!��� � ��5 ��
� a�O@_( 0"b! �b!( ��*b% �b1 .��

$ �*�4 �( Q�D#( �R�# �(�*O�]nd[0"! �( ��*O� �G1 �� �1
 ��@�� �� ��*O� �! � $ �*�4�@� ��@�� �-# r7(� $ �*�4�: 2-

-�();.#ooT�.(0"! �#�� �!( $.O� $ �*�4�: Q*� 2�1
 -"+D��*1 �*+% 8
(-/ �(]nh[0"b! �'b�% 9�3 �b
 �b% 2�b1

 s 	�� ��&@!�R]nh�nf[-#�% .
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-+/}����O# �����% �����0"! ��&�2# � O���> �����*5  #*\B �$ O��/ �
��&. . .���

G�3�<�@�
?J5 F
# � O ��
��*O��12��6"� +V( �V�", �9(�*# ���� -V�� ��_�% �O> �V�", � : ��_�% 9��:��!( )(.
GH0nfGH0omGH0ohGH0ooGH0m��*O� )��

�-�4
�>(�5��-�4 
��-�4
��-�4
�>(�5��-�4 
�0"! Q*�
E″m/ff′hnºfgE″il/oe′hhºfgE″mi/d′hfºfgE″mi/d′hfºfgE″fi/fe′hdºfgL7*� 	(�c/ � ��


fm/idgm/ifhn/ifmd/inhl/feSiO2

fl/ldg/lhh/lml/lgd/lTiO2

gl/oinm/oinf/oiig/oiog/idAl2O3

nd/hof/dim/neh/ngf/hFe2O3T

lg/llm/llf/lon/lle/lMnO 
fm/nll/ngm/ooo/ome/oMgO 
ne/fid/dhh/flf/inm/hCaO 
od/hom/hgm/ddi/hmi/hNa2O

dm/ogh/ohh/onm/nmn/oK2O

oh/loo/lol/lno/lnl/lP2O5

n/lh/nd/nm/nd/dLOI 
gh/eegm/eegm/eegf/eegi/eeSum 
nl<fenl<nl<nl<Ni 
gfggiSc 

neinegnihdfdmneBa 
g/ooh/mo/el/me/ooCo 
d/oln/ed/mn/on/nCs 
f/odo/odg/ooh/odf/ohGa 
d/df/dl/dh/he/dHf 
n/mm/gm/fn/oln/gNb 
g/iol/gdi/mhd/mff/iiRb 
o<ooooSn 
e/hlif/negh/ddin/hhee/ddhSr 

f/lm/lf/lm/li/lTa 
m/mo/gi/mf/hh/iTh 
i/og/ol/nn/of/oU

ighdiofifeV

e/le/ln/of/l<g/lW

g/oflm/odgn/oneh/nolf/ommZr 
f/odh/oon/old/oih/oiY

l/nln/oef/oif/ogg/oeLa 
i/dhl/dhl/nml/dfi/dhCe 

fg/dff/dmd/ngn/deo/dPr 
i/onn/one/ef/odm/ohNd 
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