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MINERALOGIA DA FRAÇÃO ARGILA DOS SOLOS DA IX REUNIÃO 
BRASILEIRA DE CLASSIFICAÇÃO E CORRELAÇÃO DE SOLOS 

DO ESTADO DO ACRE

 6A37=8f>'J3HH68H>7'I3BG6H35>&'+:39HF'G6'I3HE3Bg>'*8Bg>&'2>7b'*H35C87C>'S9:AH6H37&'^8B7>5'^H64>H87(
$M:38Ba'76A37=hC5@7(6:AH3@3(AH&'3:39HFhC5@7(6:AH3@3(AH&'_i9:hC5@7(6:AH3@3(AH&'48B7>5hC5@7(6:AH3@3(AH(
Embrapa Solos

INTRODUÇÃO

' ->H' 793' 8:@>H=c5C83'53'G6;58df>'G6'EjH837'@H>@H86G3G67'G>7' 7>B>7&' 3' C>:@>78df>'
:856H3BV48C3'G3'DH3df>'3H48B3'C>57=8=98'9:'=6:3'G6'G67=3C3G>'85=6H6776&'=35=>'@3H3';57'9=8B8-
=jH8>7&'C>:>'@3H3' 85E67=843de67'E>B=3G37'@3H3'>' H6C>5g6C8:65=>'G>7'@H>C677>7'G6'4Y5676'
6'=H357D>H:3df>'G>7':856H387'6:'3:A865=67'@6G>BV48C>7('#6776'C>5=6<=>&'3'>C>HHY5C83'G6'
quantidades expressivas de argilominerais expansivos em solos do Acre, em contraste com 
37' C>5G8de67' CB8:j=8C37' @H6E3B6C65=67' 5>' 3:A865=6' 3:3Uk58C>&' =6:' 67=8:9B3G>' G8E6H7>7'
67=9G>7' 7>AH6' 793'C>:@>78df>':856H3BV48C3' W^3:3&'NKQ[)'1>Bl>DD&'NKQK)'"3Hm967'6=(3B(&'
\OO\X(' f>'6:'46H3B'G8H6C8>53G>7'@3H3'H6C>5g6C8:65=>'G37'C>5G8de67'@6G>465b=8C37'6'C>:-
preensão de algumas de suas características peculiares, dentre as quais a ocorrência de teores 
:98=>'6B6E3G>7'G6'3B9:n58>'=H>CjE6B&'3@673H'G3'3B=3'3=8E8G3G6'G3'DH3df>'3H48B3&'C3H3C=6Hn7=8C3'
G6'67@6C83B'H6B6Ec5C83&'@3H3'G87=85df>'=3<>5k:8C3'G6'7>B>7'@6B>'@3H3'>' 87=6:3'JH378B68H>'G6'
IB3778;C3df>'G6' >B>7&'W$:AH3@3&'\OO[)' 35=>7'6=('3B(&'\OOKX(
' R'@H6765=6'=H3A3Bg>'>A_6=8E>9'8G65=8;C3H'>7':856H387'@H6765=67'53'DH3df>'3H48B3'G>7'
7>B>7'G3',o'%6958f>'JH378B68H3'G6'IB3778;C3df>'6'I>HH6B3df>'G6' >B>7'G>'67=3G>'G>'+CH6&'
C>:>'79A7nG8>'3'85=6H@H6=3de67'H6D6H65=67'p7'4Y5676'6'3E3B83df>'G6'CH8=bH8>7'G6'G87=85df>'=3<-
>5k:8C3'3'6B67'H6B3C8>53G>7(

MATERIAL E MÉTODOS 

' -3H3'37'35jB8767':856H3BV48C37'D>H3:'76B6C8>53G>7'G>87'>9'=HY7'g>H8U>5=67'G6'C3G3'@6H;B&'
765G>'m96'5>7'@6H;7'+IM-ON'6'+IM-O\&'D>8'353B873G>'3@6537'9:'g>H8U>5=6('+'67C>Bg3'76'A376>9'
537'C3H3C=6Hn7=8C37':>HD>BV48C37'6'H679B=3G>7'G6'35jB8767'Dn78C37'6'm9n:8C37&'6'53'76B6df>'@HbE83'G6'
g>H8U>5=67'@3H3'35jB876'G6':8CH>:>HD>B>483('+@6537'>'@6H;B'+IM-NZ'5f>'D>8'353B873G>(
' +'DH3df>'3H48B3'Wq'r'O&OO\'::X'D>8'76@3H3G3'5>'B3A>H3=VH8>'G6'Dn78C3'G3'$:AH3@3' >B>7&'
C>5D>H:6'$:AH3@3'WNKKPX(
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' +7'3:>7=H37'D>H3:'353B873G37'6:'C>5G8df>'s3>'53=9H3Bt'6'7>A'>7'764985=67'=H3=3:65=>7a'
G67D6HH8;C3df>'@>H'IJ]'WC8=H3=>MA8C3HA>53=>MG8=8>58=>'G6'7VG8>X&'G6'3C>HG>'C>:'"6gH3'6'23Cl-
7>5'WNK[OX)'73=9H3df>'C>:'@>=j778>'WC>:'3m96C8:65=>'6:'G8D6H65=67'=6:@6H3=9H37X'6'73=9H3df>'
C>:':345b78>('+7'Bc:8537'D>H3:'@H6@3H3G37'G6'D>H:3'>H865=3G3&'@6B>':b=>G>'G>'67DH643d>(
' *>H3:'C>5D6CC8>53G37'm93=H>' Bc:8537'G6'C3G3'3:>7=H3a'9:3' H6D6H65=6'p'3:>7=H3'5f>'
=H3=3G3'W+:(0>=3BX)'3'76495G3'H6D6H65=6'p'3:>7=H3'G67D6HH8;C3G3)'3'=6HC68H3'p'3:>7=H3'G67D6HH8;C3-
da e saturada com magnésio (Mg), que foi posteriormente solvatada com etileno glicol (MgEG), 
C>:'B68=9H37'6<6C9=3G37'6:'3:A37'37'C>5G8de67)'3'm93H=3'H6D6H65=6'p'3:>7=H3'G67D6HH8;C3G3'6'
73=9H3G3'C>:'@>=j778>'WTX&'6'79A:6=8G3'3'=H3=3:65=>'=bH:8C>'3@V7':>5=346:'G3'Bc:853&'C>:'
3m96C8:65=>'@>H'G937'g>H37'6:'D>H5>':9i3&'537'=6:@6H3=9H37'G6'NNOu'I&'ZLOu'I'6'LLOu'I&'C>:'
B68=9H37'85=6HC3B3G37('R7'@H>C6G8:65=>7':6=>G>BV48C>7'H6D6H65=67'3>7'=H3=3:65=>7'79@H3C8=3G>7'
65C>5=H3:M76'G6=3Bg3G>7'6:'$:AH3@3'WNKKPX'6'I3BG6H35>'6=('3B('W\OOKX(
' +'35jB876':856H3BV48C3'D>8'H63B8U3G3'@>H'G8DH3=>:6=H83'G6'H38>7Mo'6:'9:'G8DH3=k:6=H>'
%,^+T!&':>G6B>'"858i6<',,&'9=8B8U35G>M76'=9A>'G6'C>AH6'C>:>'D>5=6'G6'H3G83df>'Ka e mono-
CH>:3G>H'G6'4H3;=6&'C>:'=657f>'G6'ZO'l1'6'C>HH65=6'G6'NL':+('+7'B68=9H37'D>H3:'D68=37'@>H'@377>&'
C>:'E3H83df>'G6'O&OLOu('7MN('R'85=6HE3B>'G6'E3HH6G9H3'@3H3'=>G37'37'3:>7=H37'D>8'G6'\u'3'vLu'W\wX(
' R7'G8DH3=>4H3:37'D>H3:'C>5D6CC8>53G>7'9735G>'>'@H>4H3:3'"8CH>C3B'RH8485'[(O(' f>'
3@H6765=3G>7'53'764985=6'>HG6:a'3:>7=H3'5f>'=H3=3G3'W+:(=>=3BX)'3:>7=H3'G67D6HH8;C3G3'6'73=9-
H3G3'C>:':345b78>'W"4X'6'@>7=6H8>H:65=6'7>BE3=3G3'C>:'6=8B65>'4B8C>B'W"4$^X)'3:>7=H3'G67-
D6HH8;C3G3'6'73=9H3G3'C>:'T'C>:'E3HH6G9H37'6<6C9=3G37'p'=6:@6H3=9H3'3:A865=6'WT\LX'6&'3@V7'
3m96C8:65=>&'537'=6:@6H3=9H37'377853B3G37'WTNNO&'TZLO'6'TLLOX('R7'E3B>H67'H6D6H65=67'3>'67@3-
d3:65=>'d'7f>'3@H6765=3G>7'6:'535k:6=H>7(
' +'8G65=8;C3df>'G>7':856H387'D>8'H63B8U3G3'C>:'A376'537'=3A6B37'G>'2I-] &'C>57=35-
=67'6:'J6HHF'WNKPvX&'3Bb:'G6'=3A6B37'6'CH8=bH8>7'G6'0g>H6U'WNKP[X&'JH85GB6F'6'JH>x5'WNKQvX'
6'">>H6'6'%6F5>BG7'WNKKPX(',5D>H:3de67'3G8C8>5387'D>H3:'>A=8G37'6:'J3H587g6B'6'J6H=7Cg'
WNKQKX&']8<>5'6'.66G'WNKQKX&'*>5=67'WNKKOX&'/94g67'6=(3B('WNKKvX&'T3:@D'WNKKLAX'6'%6-
765G6'6='3B('W\OOLX('y'8:@>H=35=6'G67=3C3H'm96'3'G65>:853df>'G>7'3H48B>:856H387'8G65=8;C3-
G>7'76'H6D6H6'3'9:'G6=6H:853G>'4H9@>'G6':856H387&'6'5f>'3'9:3'67@bC86'87>B3G3('+'4H3;3'G>7'
5>:67'67=j'G6'3C>G>'C>:'JH35C>'WNKQPX(
' R7'CH8=bH8>7'9=8B8U3G>7'@3H3'3'8G65=8;C3df>'G>7':856H387'7f>'3@H6765=3G>7'G6'D>H:3':387'
G6=3Bg3G3'5>'3@Y5G8C6(

RESULTADOS E DISCUSSÃO 

' #3'DH3df>'3H48B3'G>7'7>B>7'353B873G>7'D>H3:'8G65=8;C3G>7'>7'764985=67':856H387a'C39B858=3&'
:8C3&'67:6C=8=3&'m96'=Y:':38>H'G>:85c5C83&'76498G>7'G6'85=6H67=H3=8;C3G>'C39B858=3M67:6C=8=3&'
vermiculita e vermiculita com hidróxi-Al entrecamadas, e ainda quartzo, além dos hidróxidos de 
D6HH>'4>6=g8=3'6'B6@8G>CH>C8=3&'m96'>C>HH6:'6:'@H>@>Hde67'H6G9U8G37&'7>AH6=9G>'>'zB=8:>(
' ]6':>G>'46H3B&'gj'4H35G6'76:6Bg35d3'65=H6'>7'G8DH3=>4H3:37'G>7'g>H8U>5=67'G6'9:':67-
:>'@6H;B'G6'7>B>&'>'m96'85G8C3'C6H=3'g>:>46568G3G6'G3'C>57=8=98df>':856H3BV48C3'6:'@H>D95G8-
G3G6&'6E8G65C83G3'85CB978E6'53m96B67'6:'m96'>'g>H8U>5=6'JI'D>8'353B873G>('$5=H6'>7'@6H;7&'5>'65-
=35=>&'G8D6H65d37'53'@H>@>Hdf>'G>7':856H387'6&'6:'4H39'A6:':65>H&'5>7'67@bC8:67'C>57=8=985=67&'
7f>'A6:'6E8G65=67(
' ]>7':856H387'8G65=8;C3G>7&'3'C39B858=3'65C>5=H3M76'@H6765=6'6:'=>G37'37'3:>7=H37'353B8-
73G37('y'8G65=8;C3G3'@6B37'H6i6<e67'3'O&P\O'5:&'O&ZLQ'5:'6'O&\ZQ'5:&'m96'G673@3H6C6:'C>:'>'
3m96C8:65=>'G3'3:>7=H3'TM73=9H3G3'3'LLO{I'WTLLOX('+7':38>H67'C>5C65=H3de67'G6776'3H48B>:85-
6H3B'7f>'>A76HE3G37'5>7'@6H;7'+IM-O\'Wg>H8U>5=6'Jx\X'6'+IM-ON'WJ<7X&'C>:>'85G8C3:'3'6B6E3G3'
85=6578G3G6'6'3'g>:>46568G3G6'G37'H6i6<e67'G6'@H8:68H3'6'76495G3'>HG657&'m96'76'3@H6765=3:'
A6:'D>H:3G37('$:A>H3'C>:':65>H'6<@H677f>&'6776':856H3B'b'385G3'>'@H85C8@3B'C>57=8=985=6'G3'
DH3df>'3H48B3'G>'@6H;B'+IM-Ov'WJ=N&'J=\&'JIDX('#>7'G6:387'7>B>7&'=65G6'3'>C>HH6H'6:'@H>@>Hdf>'
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85D6H8>H'3>7'3H48B>:856H387'\aN&'C>578G6H3G>7'6:'C>5_95=>(
 A mica (termo inclusivo para illita) é também comum a todos os solos, como indicam as 
H6i6<e67'3'N&OO'5:&'O&LO'5:'6'O&ZZ'5:&'6'C>:':65>H'85=6578G3G6'3'O&\L'5:&'m96'@6H:356C6:'
67=jE687'6:'=>G>7'>7'=H3=3:65=>7'3@B8C3G>7('R'39:65=>'G6'85=6578G3G6'3@V7'3m96C8:65=>'3'ZLOu'
6'LLO{I'76'G6E6'3>'C>B3@7>'G>7'>9=H>7'3H48B>:856H387'\aN'@H6765=67('I>:'6<C6df>'G>7'@6H;7'+IM
-ON'6'+IM-O\&'>5G6'76'65C>5=H3'6:'@6m9653'@H>@>Hdf>&'793'>C>HHY5C83'b'A37=35=6'6<@H6778E3'6:'
=>G>7'>7'7>B>7&'6:'67@6C83B'5>'@6H;B'+IM-Ov&'C>:'H6i6<e67'A6:'85G8E8G93B8U3G37&'85CB978E6'5>7'
G8DH3=>4H3:37'G3'3:>7=H3'5f>'=H3=3G3(
 A esmectita ocorre de forma bastante expressiva na maioria dos solos estudados, com de-
7=3m96'@3H3'>7'@6H;7'+IM-OP'WJ8'6'JI\X&'+IM-OQ'WJ=N'6'J=\X&'+IM-OK'WJ=N'6'J=\X&'6'+IM-NN'WJ='
e Bvf), em acordo com os valores mais elevados do índice Ki resultantes do ataque sulfúrico, e da 
3=8E8G3G6'G3'DH3df>'3H48B3(' 93'@H6765d3'b'85G8C3G3'@6B3'H6i6<f>'3'|N&vO'5:'W[&Lu'\wX'53'3:>7=H3'
73=9H3G3'C>:':345b78>'W"4X&'C>:'6<@357f>'@3H3'|N&PO'5:'3@V7'>'=H3=3:65=>'C>:'6=8B65>'4B8C>B'
W"4$^X('+'67:6C=8=3'7V'5f>'D>8'>A76HE3G3'5>7'@6H;7'+IM-ON'6'+IM-O\)'6'5>7'g>H8U>5=67'G>'
@6H;B'+IM-Ov'>C>HH6'3@6537'6:'@H>@>Hde67'A37=35=6'H6G9U8G37(
' R'85=6H67=H3=8;C3G>'C39B858=3M67:6C=8=3'>C>HH6'5>7'@6H;7'+IM-OL'WJ+&'J=N'6'J=D\X&'+IM
-NO'WJ=N'6'J=\X'6'5>'g>H8U>5=6'J=D'G>'@6H;B'+IM-O[('+'@H6765d3'G67=6'3H48B>:856H3B'b'6E8G65-
C83G3'@6B3'D>H:3df>'G6'9:3'A35G3'>9's>:AH>t'3>'B3G>'G37'H6i6<e67'G3'C39B858=3'53'3:>7=H3'
73=9H3G3'C>:'"4&'3@V7'>'=H3=3:65=>'C>:'6=8B65>'4B8C>B'W"4$^X('y':6Bg>H'E8793B8U3G3'_95=>'p'
H6i6<f>'3'O&P\O'5:'W5f>'G6E6'76H'C>5D95G8G3'C>:'3'76495G3'H6i6<f>'G3'67:6C=8=3&'m96'>C>HH6'
6:'3B49:37'3:>7=H37&'C>:>'@>H'6<6:@B>'+IM-OP&'+IM-NN'6=C(X('
' /94g67'6=('3B('WNKKvX('7946H6:'m96'67=6'3H48B>:856H3B'@>773'76H'9:'6<C6B65=6'85G8C3G>H'
G3'85=6578G3G6'6'G9H3df>'G>'85=6:@6H87:>'6:'7>B>7'>5G6'3H48B>:856H387'\aN'7f>'3A95G35=67'5>'
:3=6H83B'G6'>H846:(' 6495G>'>7'39=>H67'>'85=6H67=H3=8DC3G>'I=M$'76'D>H:3'C>:>'9:':856H3B'85=6H-
:6G8jH8>'G9H35=6'>'@H>C677>'G6'C39B858U3df>'G>7'3H48B>:856H387'\aN('$7=3'=H357D>H:3df>'=3:Ab:'
D>8'>A76HE3G3'@>H'T3:@D'6='3B('WNKKL3X&'m96'3=H8A9nH3:'3'793'@H6765d3'5>'7>B>'C>:>'9:'67=jG8>'
85=6H:6G8jH8>'G6'3B=6H3df>'G3'67:6C=8=3'53'D>H:3df>'G6'C39B858=3'6'G6'V<8G>7'G6'D6HH>(
' +'E6H:8C9B8=3'D>8'>A76HE3G3'3@6537'5>'g>H8U>5=6'J=N'G>'@6H;B'+IM-OL&'6:'@H>@>Hdf>'
H6G9U8G3(' 93'@H6765d3'b'6E8G65C83G3'@6B3'H6i6<f>'3'|N&vO'5:'W[&Lu'\wX'53'3:>7=H3'73=9H3G3'C>:'
:345b78>&'m96'@6H:356C6'67=jE6B'3@V7'>'=H3=3:65=>'C>:'6=8B65>'4B8C>B'W"4$^X'6'76'C>5=H38'@3H3'
N&O'5:'53'3:>7=H3'73=9H3G3'C>:'@>=j778>(
' /j'=3:Ab:'85GnC8>7'G3'@H6765d3'G6'E6H:8C9B8=3'C>:'g8GHV<8M+B'65=H6C3:3G37'5>7'@6H;7'
+IM-ON'6'+IM-O\&'85D6H8G3'@6B3'@6m9653'H6i6<f>'3'N&vO'5:&'m96'@6H787=6':67:>'5>7'G8DH3=>-
4H3:37'TZLO(
' }935=>'3>7'V<8G>7'G6'D6HH>&'b'H6487=H3G3'3'@H6765d3'G6'4>6=g8=3&'C9_3'H6i6<f>'@H85C8@3B&'3'
|O&vNL'5:&'G673@3H6C6'3@V7'G67D6HH8;C3df>'C>:'C8=H3=>MA8C3HA>53=>MG8=8>58=>'G6'7VG8>'WIJ]X('y'
A6:'@6HC6@=nE6B'5>7'G8DH3=>4H3:37'G>7'@6H;7'+IM-O\&'+IM-Ov&'6'+IM-O[&'6'>A76HE3G3'G6'D>H:3'
:387'G87CH6=3'6:'+IM-OL&'+IM-OQ'6'+IM-NO('16H8;C3M76'385G3'3'>C>HHY5C83'G6'B6@8G>CH>C8=3&'
C>:'H6i6<f>'@H85C8@3B'3'O&[\['5:&'>A76HE3G3'3@6537'5>7'@6H;7'+IM-OP'Wg>H8U>5=6'J8X'6'+IM-NN'
Wg>H8U>5=6'J=X('$7=6':856H3B'b&'6:'46H3B&'@>9C>'C>:9:'6:'7>B>7&'G6E8G>'p7'C>5G8de67'67@6Cn;C37'
56C677jH837'p'793'D>H:3df>'WT~:@D'6'I9H8&'\OOOX(
' $:'@H>@>Hde67'H67=H8=37&'>A76HE3M76'=3:Ab:'3'@H6765d3'G6'm93H=U>'W@6H;7'+IM-OL'3>'
+IM-NNX&'6E8G65C83G3'@6B3'@6m9653'H6i6<f>'3'O&v\P'5:&'67=jE6B'6:'=>G>7'>7'=H3=3:65=>7'W793'
H6i6<f>'@H85C8@3B'3'O&ZZv'5:'>C>HH6'377>C83G3'C>:'3'G6'=6HC68H3'>HG6:'G3':8C3X('
' %6487=H3M76'385G3'3'@H6765d3&'6:'m9376'=>G>7'>7'G8DH3=>4H3:37&'G6'9:3'@6m9653'H6i6<f>'
3'O&ZOP'5:&'m96'@6H787=6'53'3:>7=H3'3m96C8G3'3'LLO{I&':37'C9_3'8G65=8;C3df>'5f>'@>G6'76H'C>5;H-
:3G3&'3778:'C>:>'3'@6m9653'H6i6<f>'3'O&v[P'5:'5>'@6H;B'-O\('
' ->H'>9=H>'B3G>&'@6m9653'H6i6<f>'3'N&vO'5:'5>'g>H8U>5=6'JI\'G>'@6H;B'+IM-OP&'@6H787-
=65=6'3@V7'3m96C8:65=>'WTLLOX&'@>G6'H6D6H8HM76'p'CB>H8=3(']>':67:>':>G>&'5>7'G>87'g>H8U>5=67'
G>'@6H;B'+IM-OQ&'3'@6m9653'H6i6<f>'3'|N&\O'5:&'H6787=65=6'3>'3m96C8:65=>'WTLLOX&'@>G6'85G8C3H'
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3'@H6765d3'G6'67:6C=8=3'C>:'g8GHV<8M+B'65=H6C3:3G37' W$/$X'>9':67:>'G6' 85=6H67=H3=8;C3G>'
clorita-esmectita 
' !:3'67=8:3=8E3'G3'@H>@>Hdf>'H6B3=8E3'G>7':856H387'm96'>C>HH6:'53'DH3df>'3H48B3'G>7'g>H8-
zontes analisados, realizada com base na expressão dos difratogramas de raios-X, é apresentada 
53'03A6B3'N(

Tabela 1 -  !"#$%"#&%'(%')*+)+*,-+'*./%"#&%'(+!'$#0.*%#!'1+0!"#"2#0".!'(%'3*%,-+'%*4#/%'(+!'5+*#6+0".!'

%0%/#!%(+!7

' ]6'3C>HG>'C>:'3'67=8:3=8E3'H63B8U3G3&'>7'7>B>7'67=9G3G>7'53',o'%II'@>G6:'76H'85G8-
vidualizados em quatro grupos, com as seguintes características mineralógicas: 
^H9@>'N'M'@H6G>:85c5C83'G6'C39B858=3'W@6H;7'+IM-ON'6'+IM-O\X)
^H9@>'\'M'C39B858=3'@H6G>:8535=6&'C>:'@H>@>Hdf>'C>578G6HjE6B'G6':856H387'\aN&'@H85C8@3B:65=6'
:8C3'W@6H;B'+IM-OvX)'
^H9@>'Z'M'@H>@>Hde67'6m98E3B65=67'G6'C39B858=3&':8C3'6'67:6C=8=3&'C>:'@H6G>:85c5C83'G6':85-
6H387'\aN'W+IM-OL&'+IM-O[&'+IM-NOX
^H9@>'v'M'@H6G>:85c5C83'G6'67:6C=8=3'W+IM-OP&'+IM-OQ&'+IM-OK&'+IM-NNX(
RA76HE3M76&'56773'76m9Y5C83&'9:3'H6G9df>'G>'4H39'G6'85=6:@6H8U3df>'G>7':3=6H8387'C>57=8=9=8E>7'
G3'DH3df>'3H48B3&'>'m96'C>5C>HG3&'6:'B85g37'46H387&'C>:'>'65m93GH3:65=>'=3<>5k:8C>'G>7'7>B>7&'
C>:'>7'@6H;7'-O\'WS3=>77>B>'+:3H6B>X'6'-ON'W$7@>G>77>B>'/9:8BzE8C>X'6:'9:'6<=H6:>&'6'>7'
7>B>7'G6':65>H'G6765E>BE8:65=>'@6G>465b=8C>'WI3:A877>B>7&'16H=877>B>'6'S9E877>B>X&'6:'>9=H>('
y'85G8C3G3'=3:Ab:'@6B>7'E3B>H67'G6'T8'6'TH&'6'6:'67@6C83B'@6B3'3=8E8G3G6'G3'DH3df>'3H48B3&'m96'
@3H6C6'76H'3'C3H3C=6Hn7=8C3'm96':6Bg>H'H6i6=6'3'C>:@>78df>':856H3BV48C3'G>7'7>B>7'W03A6B3'\X(
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 !"#$%&'()"*+,-'.$'+,"/$"0.,--'12,3()"$"0)++$.,3()"/$"
4).)-5" 4'-6$7,-" 87,9:&'2)-" ;" 4).)-" 4$/'7$&6,+$-"
$7"<)6$&2',.'/,/$"$"=$7,&/,"/$"<$->%'-,

' #f>'gj&'5>'65=35=>&'H6B3df>':387'67@6Cn;C3'65=H6'3m96B67'4H9@3:65=>7&'>9'=8@>7'G6'
7>B>&'>9'385G3'3'@H6765d3'G6'G6=6H:853G>':856H3B&'C>:'>7'=6>H67'G6'+B'=H>CjE6B&'m96'@>G6:'
76H':98=>'G87=85=>7'65=H6'g>H8U>5=67'G6'9:':67:>'@6H;B'W6:'46H3B'C>:'=65GY5C83'3'76'6B-
6E3H6:'6:'@H>D95G8G3G6X&'3@673H'G6'3@H6765=3H6:'C>:@>78df>':856H3BV48C3'78:8B3H&'C>:>'
@>G6'76H'E8793B8U3G>'53'03A6B3'\('

Tabela 2 - 8%*%1".*9!"#1%!':29$#1%!'.'1+0!"#"2#,-+'$#0.*%/;4#1%<'.!"#$%(%')+*'(#3*%"+$."*#%'(.'*%#+!=><'(%'

3*%,-+'%*4#/%'(.'5+*#6+0".!'!./.1#+0%(+!'(+!').*?!'(.'!+/+'(%'@>'A887

BCD'E'8/%!!#?1%,-+'(+'!+/+'1+03+*$.' $F*%)%'BGHHID'.'J%0"+!'."7'%/7'BGHHKD<'.'0L$.*+'(+').*?/'BM8=ND

' -6m96537'E3H83de67'53'C>57=8=98df>':856H3BV48C3'@>G6:'>C>HH6H'5>7'7>B>7'G6'9:'G6-
=6H:853G>'4H9@>&'>9':67:>'65=H6'g>H8U>5=67'G6'9:'@6H;B&'C>5D>H:6'G6=3Bg3G>'53'G67CH8df>'
G3':856H3B>483'G>7'g>H8U>5=67'353B873G>7&'m96'b'3@H6765=3G3'6:'3@Y5G8C6(

CONCLUSÕES 

' R7'@H85C8@387'3H48B>:856H387'C>57=8=985=67'G3'DH3df>'3H48B3'G>7'7>B>7'G3',o'%II'7f>a'C39-
B858=3&':8C3'6'67:6C=8=3&'@H6765=67'6:'m9376'=>G>7'>7'g>H8U>5=67'353B873G>7(']67=3C3M76'3'@H6765d3'
6:'3B49:37'3:>7=H37'G6'85=6H67=H3=8;C3G>'C39B858=3M67:6C=8=3'6'G6'B6@8G>CH>C8=3(
' ]6'3C>HG>'C>:'3'C>:@>78df>':856H3BV48C3'G3'DH3df>'3H48B3&'G87=85496:M76'm93=H>'4H9-
@3:65=>7'G6'7>B>7&'m96'H6i6=6:'G8D6H65=67'67=jG8>7'G6'85=6:@6H8U3df>a'N'M'C39B858=8C>7'W@6H;7'
+IM-ON'6'+IM-O\X)'\'M'C39B85n=8C>M:8CjC6>7'W8BBn=8C>7X'W@6H;B'+IM-OvX)'Z'M'G6'C>57=8=98df>':87=3'
WC39B85=3'�':8C3'�'67:6C8=3X'W@6H;7'+IM-OL&'+IM-O[&'+IM-NOX)'v'M'67:6C=n=8C>7'W@6H;7'+IM-OP&'
+IM-OQ&'+IM-OK&'+IM-NNX(
' +':856H3B>483'G3'DH3df>'3H48B3'5f>'76'H6i6=6'G6'D>H:3'G8H6=3'53'73=9H3df>'@>H'A3767'>9'5>'
=6>H'G6'3B9:n58>'=H>CjE6B'G>7'7>B>7(
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APÊNDICE

 !"#$%&'( ()(*%+,-./0,-1-2($'(3-%/2)4($-(5,-67/( ,0%8-

AC-P01'M'$7@>G>77>B>'/9:8BzE8C>'�H=8C>
' *>8'353B873G>'>'g>H8U>5=6'J<7('R7'G8DH3=>4H3:37&'>HG653G>7'C>5D>H:6'>7' =H3=3:65=>7'
WE6H'6:':b=>G>7X&'7f>'3@H6765=3G>7'53'*849H3'N(
' +'DH3df>'3H48B3'G67=6'g>H8U>5=6'b'C>57=8=9nG3'@>H'C39B858=3&':8C3'6'85GnC8>7'G6'E6H:8C9B8=3'
C>:'g8GHV<8M+B'65=H6C3:3G37(
' -6B3'85=6578G3G6'6'A>3'G6;58df>'G6'7937'H6i6<e67'3'C39B858=3'b'@H6G>:8535=6('+'@H6-
765d3'G6'E6H:8C9B8=3'C>:'g8GHV<8M+B'65=H6C3:3G37&'6:A>H3'6:'@H>@>Hdf>':98=>'H6G9U8G3&'b'
7946H8G3'@6B3'H6i6<f>'3'|N&vO'5:&'76:'3@H6765=3H'G67B>C3:65=>'53'3:>7=H3'TZLO('#f>'D>8'
@>77nE6B'76'8G65=8;C3H'>':856H3B'C>HH67@>5G65=6'p'@6m9653'H6i6<f>'3'O&ZO['5:'W6'O&ZN\'5:'
53'3:>7=H3'TLLOX('

Figura 1. O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'PQ!'(+').*?/'M8=NHC7'RS '='&.*$#12/#"%'

1+$'5#(*;Q#=M/'.0"*.1%$%(%!T'U#'V'$#1%T'8"'V'1%2/#0#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'d'.$'0$7'

A%(#%,-+'82WX7

8%2/#0#"%'YY'$#1%'Y'&.*$#12/#"%'1+$'5#(*;Q#=M/'.0"*.1%$%(%!

AC-P02'M'S3=>77>B>'+:3H6B>']87=HV;C>
' *>8'353B873G>'>'g>H8U>5=6'Jx\('R7'G8DH3=>4H3:37&'>HG653G>7'C>5D>H:6'>7'=H3=3:65=>7&'
7f>'3@H6765=3G>7'53'*849H3'\(
' +'DH3df>'3H48B3'G67=6'g>H8U>5=6'b'C>57=8=9nG3'@>H'C39B858=3&':8C3&'85GnC8>7'G6'E6H:8C9B8=3'
C>:'g8GHV<8M+B'65=H6C3:3G37'6'4>6=g8=3('
' +'C39B858=3'b'@H6G>:8535=6'C>:'H6i6<e67'A6:'D>H:3G37'6'G6'6B6E3G3' 85=6578G3G6('�'
76:6Bg35d3'G>'@6H;B'35=6H8>H&'3'@H6765d3'G6'E6H:8C9B8=3'C>:'g8GHV<8M+B'65=H6C3:3G37&'6:'@H>-
@>Hde67'H6G9U8G37&'b'7946H8G3'@6B3'H6i6<f>'3'|N&vO'5:&'76:'3@H6765=3H'G67B>C3:65=>'53'3:>7=H3'
TZLO('#f>'D>8'@>77nE6B'76'8G65=8;C3H'>':856H3B'C>HH67@>5G65=6'j'@6m9653'H6i6<f>'3'O&ZO['5:'W6'
O&ZN\'5:'53'3:>7=H3'TLLOX&'3778:'C>:>'3'O&v[P'5:(
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 !"#$%&'()"*+,-'.$'+,"/$"0.,--'12,3()"$"0)++$.,3()"/$"
4).)-5" 4'-6$7,-" 87,9:&'2)-" ;" 4).)-" 4$/'7$&6,+$-"
$7"<)6$&2',.'/,/$"$"=$7,&/,"/$"<$->%'-,

Figura 2 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'PZG'(+').*3#/'M8=NHG7'RS '='R.*$#12/#"%'

1+$'5#(*;Q#=M/'.0"*.1%$%(%!T'U#'='U#1%T'8"'V'8%2/#0#"%T'["'V'[+."5#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0-

"+'('.$'0$7'A%(#%,-+'82WX7

8%2/#0#"%'YY'$#1%'Y'&.*$#12/#"%'1+$'5#(*;Q#=M/'.0"*.1%$%(%!<'4+."5#"%

AC-P04 - Argissolo Vermelho Alítico
' *>H3:'353B873G>7'>7'g>H8U>5=67'J=N&'J=\'6'JIDN('R7'G8DH3=>4H3:37&'>HG653G>7'C>5D>H:6'
>7'=H3=3:65=>7&'7f>'3@H6765=3G>7'537'*849H37'Z&'v'6'L&'H67@6C=8E3:65=6(
' 16H8;C3M76'm96'gj'9:3'4H35G6'76:6Bg35C3'65=H6'>7'G8DH3=>4H3:37'G6'=>G>7'>7'g>H8U>5=67'
353B873G>7&'>'m96'85G8C3'g>:>46568G3G6'G3'C>57=8=98df>':856H3BV48C3'6:'@H>D95G8G3G6('+'DH3df>'
argila dos três horizontes analisados é constituída por caulinita, mica, esmectita e goethita 
' +'C39B858=3'b'>':856H3B'@H6G>:8535=6'C>:'H6i6<e67'A6:'D>H:3G37'6'G6':387'6B6E3G3'
85=6578G3G6'm96'>7'G6:387('-6B37'C3H3C=6Hn7=8C37'6'85=6578G3G6'G6'7937'H6i6<e67&'3'>C>HHY5C83'G3'
67:6C=8=3'5f>'b':98=>'6<@H6778E3(
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Figura 3 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"C'(+').*3#/'M8=NH\' 'V' !$.1"#"%T'U#'='

U#1%T'8"'V'8%2/#0#"%T'["'='[+."5#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

8%2/#0#"%'Y'$#1%'Y'.!$.1"#"%<'4+."5#"%

Figura 4 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"G'(+').*3#/'M8=NH\7' 'V' !$.1"#"%T'U#'

='U#1%T'8"'V'8%2/#0#"%T'["'='[+."5#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

8%2/#0#"%'Y'$#1%'Y'.!$.1"#"%<'4+."5#"%
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 !"#$%&'()"*+,-'.$'+,"/$"0.,--'12,3()"$"0)++$.,3()"/$"
4).)-5" 4'-6$7,-" 87,9:&'2)-" ;" 4).)-" 4$/'7$&6,+$-"
$7"<)6$&2',.'/,/$"$"=$7,&/,"/$"<$->%'-,

Figura 5 -'O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P83C'(+').*3#/'M8=NH\' 'V' !$.1"#"%T'U#'

='U#1%T'8"'V'8%2/#0#"%T'["'='[+."5#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

8%2/#0#"%'Y'$#1%'Y'.!$.1"#"%<'4+."5#"%

AC-P05 - Argissolo Vermelho Alítico
' *>H3:'353B873G>7'>7'g>H8U>5=67'J+&'J=N'6'J=D\('R7'G8DH3=>4H3:37&'>HG653G>7'C>5D>H:6'
>7'=H3=3:65=>7&'7f>'3@H6765=3G>7'537';49H37'[&'P'6'Q&'H67@6C=8E3:65=6(
16H8;C3M76'=3:Ab:'567=6'@6H;B'm96'gj'9:3'4H35G6'76:6Bg35C3'65=H6'>7'G8DH3=>4H3:37'C>HH67@>5-
G65=67'G>7'=HY7'g>H8U>5=67'353B873G>7&'>'m96'85G8C3'g>:>46568G3G6'G3'C>57=8=98df>':856H3BV48C3'
6:'@H>D95G8G3G6('+'z58C3'E3H83df>'>A76HE3G3'b'3'@H6765d3'G6'E6H:8C9B8=3'5>'g>H8U>5=6'J=N('+'
DH3df>'3H48B3'G>7'=HY7'g>H8U>5=67'353B873G>7'b'C>57=8=9nG3'@>H'C39B858=3&':8C3&'67:6C=8=3&'WE6H:8C9-
B8=3X&'85=6H67=H3=8;C3G>'C39B858=3M67:6C=8=3&'m93H=U>'6'85GnC8>7'G6'4>6=g8=3
' ]67=3C3M76'3'@H6765d3'G>'85=6H67=H3=8;C3G>'I=M$&'G6'D>H:3'A6:'6E8G65=6&'5>7'=HY7'g>H8-
U>5=67('#f>'gj'6E8GY5C837'G3'@H6765d3'G6'$/$'W67:6C=8=3'C>:'g8GHV<8M+B'65=H6C3:3G37X'567=6'
@6H;B&'>9'G6'1/$'WJ=NX&'C>5D>H:6' 85D6H8G>'@6B>'@8C>'3'N&OO'5:&'3@V7'3m96C8:65=>'3'ZLOuI'
WTZLOX&'76:'85GnC8>7'G6'H6i6<e67'>9'A35G37'G6'E3B>H67'79@6H8>H67'3'67=6&'>'m96'85G8C3'=>=3B'C>5=-
H3df>'G>':856H3B('
 É possível que haja uma equivalência entre a mica, a esmectita e a caulinita, na fra-
df>'3H48B3'G>7'g>H8U>5=67'G67=6'@6H;B'W03A6B3'NX('->G6M76'G8U6H&'5>'65=35=>&'m96'>7':856H387'\aN'
W:8C3�67:6C=8=3'@H85C8@3B:65=6X'7f>'@H6G>:8535=67'7>AH6'3'C39B858=3(
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Figura 6 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'PM'(+').*3#/'M8=NH]7' 'V' !$.1"#"%T'U#'

V'U#1%T'8"= '='#0".*.!"*%"#3#1%(+'8%2/#0#"%= !$.1"#"%T'8"'V'8%2/#0#"%T''^6'='^2%*"6+T'["'='[+."5#"%7'U+0"%-

4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

U#1%'_'.!$.1"#"%'_'%2/#0#"%'Y'#0".*.!"*%"#?1%(+'1%2/#0#"%=.!$.1"#"%<':2%*"6+<'4+."5#"%7

Figura 7 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"C'(+').*3#/'M8=NH]7

 'V' !$.1"#"%T'R'V'R.*$#12/#"%T'U#'V'U#1%T'8"= '='#0".*.!"*%"#3#1%(+'8%2/#0#"%= !$.1"#"%T'8"'V'8%2/#0#"%T'^6'V'

^2%*"6+T'["'='[+."5#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'d'.$'0$7'A%(#%,-+'82WX7

U#1%' _' .!$.1"#"%' _' 1%2/#0#"%' Y' &.*$#12/#"%' Y' #0".*.!"*%"#?1%(+' 1%2/#0#"%=.!$.1"#"%<'

:2%*"6+<'4+."5#"%7
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Figura 8 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"3G'(+').*3#/'M8=NH]7' 'V' !$.1"#"%T'U#'

V'U#1%T'8"= '='#0".*.!"*%"#3#1%(+'8%2/#0#"%= !$.1"#"%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+T'["'='[+."5#"%7'U+0"%-

4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

U#1%'_'.!$.1"#"%'_'1%2/#0#"%'Y'#0".*.!"*%"#?1%(+'1%2/#0#"%=.!$.1"#"%<':2%*"6+<'4+."5#"%7

AC-P06 - Argissolo Vermelho Alítico
' *>H3:'353B873G>7'>7'g>H8U>5=67'JN&'J=N'6'J=D('R7'G8DH3=>4H3:37'7f>'3@H6765=3G>7'537'
;49H37'K&'NO'6'NN&'H67@6C=8E3:65=6('
' I>:>'_j'>A76HE3G>'35=6H8>H:65=6&'E6H8;C3M76'=3:Ab:'567=6'@6H;B'm96'gj'9:3'4H35G6'
76:6Bg35C3'65=H6'>7'G8DH3=>4H3:37'C>HH67@>5G65=67'G>7'=HY7'g>H8U>5=67'353B873G>7('+'z58C3'E3H83-
df>'m96':6H6C6'76H'G67=3C3G3&'b'3'@H6765d3'G6'85=6H67=H3=8;C3G>'C39B858=3M67:6C=8=3&'5>'g>H8U>5=6'
J=D&'3@673H'G67=3'>C>HHY5C83'76'G3H'G6'D>H:3':387'G87CH6=3'G>'m96'5>'@6H;B'35=6H8>H('I>:>'G6-
7=3C3G>'@3H3'>'-OL&'5f>'76'>A76HE3'6E8GY5C837'G3'@H6765d3'G6'$/$&'567=6'@6H;B(
' +'DH3df>'3H48B3'G>7'=HY7'g>H8U>5=67'353B873G>7'b'C>57=8=9nG3'@>H'C39B858=3&':8C3&'67:6C=8=3&'
W85=6H67=H3=8;C3G>'C39B858=3M67:6C=8=3X&'4>6=g8=3'6'Wm93H=U>X(
Por estimativa, infere-se que a caulinita é predominante nos dois primeiros horizontes (Tabela 1), 
@>Hb:'b'@>778E6B'3;H:3HM76'm96'>7':856H387'\aN'W:8C3�67:6C=8=3X'@H6G>:853:'7>AH6'3'C39B858=3(
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Figura 9 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'PC'(+').*3#/'M8=NHI7'

 'V' !$.1"#"%T'U#'V'U#1%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+T'["'='[+."5#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'

('.$'0$7'A%(#%,-+'82WX7

8%2/#0#"%'Y'$#1%'_'.!$.1"#"%<'4+."5#"%<':2%*"6+7

Figura 10 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"C'(+').*3#/'M8=NHI7' 'V' !$.1"#"%T'

U#'V'U#1%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+T'["'='[+."5#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'

A%(#%,-+'82WX7

8%2/#0#"%'`'$#1%'_'.!$.1"#"%<'4+."5#"%<':2%*"6+7
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Figura 11 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"3'(+').*3#/'M8=NHI7' 'V' !$.1"#"%T'

U#'='U#1%<'8"= '='#0".*.!"*%"#3#1%(+'8%2/#0#"%= !$.1"#"%T'8"'V'8%2/#0#"%T'["'='[+."5#"%7'U+0"%4.$'+*#.0"%(%7'

 !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

 !$.1"#"%'_'$#1%'_'1%2/#0#"%'Y'#0".*.!"*%"#?1%(+'1%2/#0#"%=.!$.1"#"%<'4+."5#"%7

AC-P07 M'I3:A877>B>'/j@B8C>'03'$9=HV;C>
' *>H3:'353B873G>7'>7'g>H8U>5=67'J8'6'JI\('R7'G8DH3=>4H3:37'7f>'3@H6765=3G>7'537';49H37'
N\'6'NZ&'H67@6C=8E3:65=6('
' R7'G8DH3=>4H3:37'C>HH67@>5G65=67'G>7'G>87'g>H8U>5=67'7f>'A37=35=6'76:6Bg35=67('!:3'
E3H83df>'>A76HE3G3'C>5787=6'53'>C>HHY5C83'G6'B6@8G>CH>C8=3'5>'g>H8U>5=6'J8&'5f>'>A76HE3G3'5>'
JI\('+'DH3df>'3H48B3'b'C>57=8=9nG3'@>H'67:6C=8=3&':8C3&'C39B858=3&'WB6@8G>CH>C8=3X'6'm93H=U>(
' +'67:6C=8=3'b'@H6G>:8535=6('+7'C3H3C=6Hn7=8C37'6'85=6578G3G6'G6'7937'H6i6<e67'6<-
@H6773:'G8D6H65d3':3HC35=6'6:'H6B3df>'3>7'G8DH3=>4H3:37'G>7'7>B>7'35=6H8>H67('RA76HE3M76'
=3:Ab:'3'76495G3'H6i6<f>'m96'>C>HH6'3'|NO&vO'u'W\wX'53'3:>7=H3'"4$^&':387'A6:'D>H:3G3'
6'85G8E8G93B8U3G3(
' #>'g>H8U>5=6'JI\&'>A76HE3M76'=3:Ab:'9:3'@6m9653'H6i6<f>&':3B'D>H:3G3&'3'3@H><8:3-
G3:65=6'N&vO'5:&'53'3:>7=H3'TLLO&'m96'85G8C3'H6787=Y5C83'@3H3'C>5=H3df>'=>=3B'G3'67:6C=8=3&'>9'
=3BE6U'@>773'76'H6D6H8H'p'CB>H8=3(
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Figura 12 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P#'(+').*3#/'M8=NHa7' '=' !$.1"#"%T'U#'

V'U#1%T'8"'V'8%2/#0#"%T'b('V'b.)#(+1*+1#"%T'^6'V'^2%*"6+7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'

A%(#%,-+'82WX7

 !$.1"#"%'YY'$#1%'Y'1%2/#0#"%<'/.)#(+1*+1#"%<':2%*"6+7

Figura 13 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P8G'(+').*3#/'M8=NHa7' '=' !$.1"#"%T'

U#'V'U#1%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'d'.$'0$7'A%(#%,-+'82WX7

 !$.1"#"%'YY'$#1%'Y'1%2/#0#"%<':2%*"6+7
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AC-P08'M'S9E877>B>'IHk:8C>'-jB8C>
*>H3:'353B873G>7'>7'g>H8U>5=67'J=N'6'J=\('R7'G8DH3=>4H3:37'7f>'3@H6765=3G>7'537';49H37'Nv'6'
NL&'H67@6C=8E3:65=6(
' I>:>'_j'>A76HE3G>'35=6H8>H:65=6&'>7'G8DH3=>4H3:37'C>HH67@>5G65=67'G>7'G>87'g>H8U>5=67'
353B873G>7'7f>' =3:Ab:':98=>'76:6Bg35=67('+'DH3df>'3H48B3'b'C>57=8=9nG3'@>H'67:6C=8=3&':8C3&'
C39B858=3&'W4>6=g8=3X'6'm93H=U>(
' +'67:6C=8=3'b'@H6G>:8535=6'5>'@6H;B('+7'C3H3C=6Hn7=8C37'6'85=6578G3G6'G6'7937'H6i6<e67'76'
3776:6Bg3:'p7'>A76HE3G37'5>7'G8DH3=>4H3:37'G>'-OP(' f>':98=>'G87CH6=37&'37'@6m96537'H6i6<e67'
G>'m93H=U>'6'G3'4>6=g8=3'5>'G8DH3=>4H3:3'W+:(=>=3BX'G>'J=N(
' RA76HE3M76'385G3'@3H3'3:A>7'>7'g>H8U>5=67&'@6m9653'H6i6<f>':3B'D>H:3G3&'5>'G8DH3=>-
4H3:3'TLLO&'C>:'E3B>H'G'3@H><8:3G3:65=6'G6'N&\O'5:&'m96'85G8C3'H6787=Y5C83'@3H3'C>5=H3df>'
=>=3B'G3'67:6C=8=3&'>9'm96'@>G6' H6D6H8HM76'j'@H6765d3'G6'$/$'>9'G6' 85=6H67=H3=8;C3G>'CB>H8=3M
67:6C=8=3(

Figura 14 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"C'(+').*3#/'M8=NHc7' '=' !$.1-

"#"%T'U#'='U#1%T'8"'='8%2/#0#"%T'^6'V'^2%*"6+T'["'V'4+."5#"%7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'d 

.$'0$7'A%(#%,-+'82WX7

 !$.1"#"%'YY'$#1%'Y'1%2/#0#"%<':2%*"6+<'4+."5#"%7
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Figura 15 -'O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"G'(+').*3#/'M8=NHc7' '=' !$.1"#"%T'U#'

V'U#1%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'d'.$'0$7'A%(#%,-+'82WX7

 !$.1"#"%'YY'$#1%'Y'1%2/#0#"%<':2%*"6+7

AC-P09'M'S9E877>B>'IHk:8C>'-jB8C>
' *>H3:'353B873G>7'>7'g>H8U>5=67'J=N'6'J=\('R7'G8DH3=>4H3:37'7f>'3@H6765=3G>7'537';49H37'
N['6'NP&'H67@6C=8E3:65=6(
' RA76HE3M76'=3:Ab:'9:3'4H35G6'76:6Bg35d3'65=H6'>7'G8DH3=>4H3:37'C>HH67@>5G65=67'G>7'
G>87'g>H8U>5=67'353B873G>7('+'DH3df>'3H48B3'b'C>57=8=9nG3'@>H'67:6C=8=3&':8C3&'C39B858=3'6'm93H=U>('
' +'67:6C=8=3'b'@H6G>:8535=6'5>'@6H;B&'85D6H8G>'@6B37'C3H3C=6Hn7=8C37'6'85=6578G3G6'G6'7937'
H6i6<e67&'76'3776:6Bg35G>':98=>'p7'>A76HE3G37'5>'-OQ('+'@6m9653'H6i6<f>'A6:'D>H:3G3&'53'
H648f>'G6'|ZOu'W\�X'53'3:>7=H3'"4$^'G>'g>H8U>5=6'J=\&'@>G6'76H'H6D6H65=6'3'9:3'85=6HD6HY5C83(
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Figura 16 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"C'(+').*3#/'M8=NHK7' '=' !$.1"#"%T'U#'

V'U#1%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

 !$.1"#"%'YY'$#1%'Y'1%2/#0#"%<':2%*"6+7

Figura 17 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"G'(+').*3#/'M8=NHK7' '=' !$.1"#"%T'U#'

V'U#1%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

 !$.1"#"%'YY'$#1%'Y'1%2/#0#"%<':2%*"6+7
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AC-P10'M''S9E877>B>'IHk:8C>'�H=8C>'
' *>H3:'353B873G>7'>7'g>H8U>5=67'J=N'6'J=\('R7'G8DH3=>4H3:37'7f>'3@H6765=3G>7'537';49H37'
NQ'6'NK&'H67@6C=8E3:65=6(
' RA76HE3M76'=3:Ab:'567=6'@6H;B&'9:3'4H35G6'76:6Bg35d3'65=H6'>7'G8DH3=>4H3:37'C>HH6-
7@>5G65=67&'G>7'g>H8U>5=67'353B873G>7('+'DH3df>'3H48B3'G>7'g>H8U>5=67'353B873G>7'b'C>57=8=9nG3'@>H'
C39B858=3&':8C3&'67:6C=8=3&'85=6H67=H3=8;C3G>'C39B858=3M67:6C=8=3&'Wm93H=U>X'6'W4>6=g8=3X(
' ]67=3C3M76'3m98'3'@H6765d3'G>'85=6H67=H3=8;C3G>'I=M$&'G6'D>H:3'A6:'6E8G65=6&'5>7'G>87'
g>H8U>5=67('#f>'gj'6E8GY5C837'G3'@H6765d3'G6'$/$'W67:6C=8=3'C>:'g8GHV<8M+B'537'65=H6C3:3G37X'
C>5D>H:6'85D6H8G>'@6B>'@8C>'3'N&OO'5:&'3@V7'3m96C8:65=>'3'ZLOuI'WTZLOX&'76:'85GnC8>7'G6'H6-
i6<e67'>9'A35G37'G6'E3B>H67'79@6H8>H67'3'67=6&'>'m96'85G8C3'=>=3B'C>5=H3df>'G>':856H3B(
' y'@>77nE6B'm96'g3_3'9:3'6m98E3BY5C83'65=H6'3':8C3&'3'67:6C=8=3'6'3'C39B858=3&'567=6'@6H;B('
->G6M76'G8U6H&'5>'65=35=>&'m96'>7':856H387'\aN'W:8C3�67:6C=8=3'@H85C8@3B:65=6X'7f>'@H6G>:8-
535=67'7>AH6'3'C39B858=3(

Figura 18 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"C'(+').*3#/'M8=NCH7' '=' !$.1"#"%T'U#'

V'U#1%T'8"= '='#0".*.!"*%"#3#1%(+'8%2/#0#"%= !$.1"#"%T'8"'V'8%2/#0#"%T'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('

.$'0$7'A%(#%,-+'82WX7

U#1%'_'.!$.1"#"%'_'1%2/#0#"%'Y'#0".*.!"*%"#?1%(+'1%2/#0#"%=.!$.1"#"%<'4+."5#"%7
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Figura 19 -'O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"G'(+').*3#/'M8=NCH7' '=' !$.1"#"%T'U#'

V'U#1%T'8"= '='#0".*.!"*%"#3#1%(+'8%2/#0#"%= !$.1"#"%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+T'["'='[+."5#"%7'U+0"%-

4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'A%(#%,-+'82WX7

 !$.1"#"%'`'$#1%'Y'1%2/#0#"%'Y'#0".*.!"*%"#?1%(+'1%2/#0#"%=.!$.1"#"%<'4+."5#"%<':2%*"6+7

AC-P11'M'S9E877>B>'/j@B8C>'�H=8C>
' *>H3:'353B873G>7'>7'g>H8U>5=67'J='6'JED('R7'G8DH3=>4H3:37'7f>'3@H6765=3G>7'537';49H37'
\O'6'\N&'H67@6C=8E3:65=6(
' I>:>'6:'=>G>7'>7'@6H;7'35=6H8>H67&'E6H8;C3M76'=3:Ab:'567=6'@6H;B&'9:3'4H35G6'76:6B-
g35d3'65=H6'>7'G8DH3=>4H3:37'C>HH67@>5G65=67&'G>7'g>H8U>5=67'353B873G>7('+'z58C3'E3H83df>'3@H6-
765=3G3'C>5787=6'53'>C>HHY5C83'G6'B6@8G>CH>C8=3'5>'g>H8U>5=6'J=&'5f>'>A76HE3G3'5>'JED(
' +'DH3df>'3H48B3'G>7'G>87'g>H8U>5=67'353B873G>7'b'C>57=8=9nG3'@>H'67:6C=8=3&':8C3&'C39B858=3&'
WB6@8G>CH>C8=3X'6'm93H=U>(
' +'67:6C=8=3'b'@H6G>:8535=6'5>'@6H;B'W03A6B3'NX&'85D6H8G>'@6B37'C3H3C=6Hn7=8C37'6'85=6578-
G3G6'G6'7937'H6i6<e67&'76'3776:6Bg35G>':98=>'p7'>A76HE3G37'5>'-OP(
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Figura 20 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P"'(+').*3#/'M8=NCC7' 'V' !$.1"#"%T'

U#'V'U#1%T'8"'V'8%2/#0#"%T'b('V'b.)#(+1*+1#"%T'^6'='^2%*"6+7'U+0"%4.$'+*#.0"%(%7' !)%,%$.0"+'('.$'0$7'

A%(#%,-+'82WX7

 !$.1"#"%'YY'$#1%'Y'1%2/#0#"%<'/.)#(+1*+1#"%<':2%*"6+7

Figura 21 - O#3*%"+4*%$%!'(.'*%#+!=>'(%'3*%,-+'%*4#/%'(+'5+*#6+0".'P&3'(+').*3#/'M8=NCC7' 'V' !$.1"#"%T'U#'

V'U#1%T'8"'V'8%2/#0#"%T'^6'V'^2%*"6+7'U+0"%4.$'+*#.0"%(%' !)%,%$.0"+'d'.$'0$7'A%(#%,-+'82WX7

 !$.1"#"%'YY'$#1%'Y'1%2/#0#"%<':2%*"6+7
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 !"#$%&'(9()(:,%.;,%/2(!-,-(<$'#.%=&-67/($/2(>%#',-%2
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