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28 9'7 &709)(. 1<)8(&7 ()7( .(?7.7* '7)7 
abbFGGHccd,

;'7 12<9':7197)0 ()7( 28 9'7 97=>.7 
&.7()7* 9'%1 17(120 &201%197* 28 9'7 
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(&9<(..# 1%E, ;:2 *%1&2A7)%71 :7)7 28 
>()9%&<.() A(.<7 %0 9'%1 17&9%20, 68 4)7(9 
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1<)8(&7 ()7(1 :7 7E&(A(97* 20 9'7 02)9'7)0 
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A7117. 20 ( 1<)8(&7 ()7( 20 9'7 02)9' 1%*7 
28 9'7 97=>.7 %0 2<) FGGP 17(120, ;'7 
*%19<)?7* 0(9<)7 28 9'7 8%.. 20 KF^ 
%0*%&(971 9'(9 9'7 )719 28 9'7 A7117. :(1 
>)2?(?.# .219 (9 12=7 >2%09J >7)'(>1 92 
L79)%7M1 =70, B.9'2<4' 2<) 8%0* 28 ( 1%04.7 
1'7)* =%4'9 177= 92 ?7 ( 1=(.. 9'%04J 9'7 
>)7170&7 28 9'%1 029(?.7 9#>7 28 &7)(=%& 20 
:%*7.# 17>()(97* 1<)8(&71 (9 >()(..7. >2%091
20 9'7 1%97 19)7049'701 2<) ?7.%78 9'(9 9'%1 
>2997)# =(# '(A7 ?770 <17* %0 82<0*(9%20 
)%9<(.1 %0 9'7 97=>.7,

;'7 ()7( 7E(=%07* 20 9'7 02)9':719 
1%*7 28 9'7 97=>.7 &201%197* 28 ( 87: 
82<0*(9%20 9)70&' (0* 1<)8(&7 <0%91 ()2<0* 
1<)8(&7 ()7(1 K!! (0* K!T 9'(9 077*7* 
8%0(. &.7()%04J (.204 :%9' 9'7 .()47) ()7( 

:'%&' .(# ?79:770 2<) ;B55" (0* ;B5T 
20 9'7 97=>.7M1 Z2)9'UK2<9' (E%1 (0* 
?79:770 ;"5F (0* ;"5^ 20 %91 D(19U-719 
(E%1,

R2=>.797 &.7(0%04 28 1<)8(&7 ()7( K!! 
:(1 :2)9':'%.7J 82) :7 *%1&2A7)7* (029'7) 
1=(.. 2887)%04 >%9 V3%4, !W (.=219 %*709%&(. 
92 9'7 207 *%1&2A7)7* %0 9'7 1<)8(&7 28 K!F 
%0 2<) .(19 17(120, ;'(9 >%9 &209(%07* ( 
'(<0&' 28 ?778 179 %0 ( ?7* 28 L7)17( 
.7(A71, ;'7 >%9 82<0* 9'%1 17(120 20 K!! 
:(1 28 (>>)2E%=(97.# 9'7 1(=7 *%(=797)J
?<9 029 (1 *77>J (0* &209(%07* 20.# 
8)(4=7091 28 L7)17( .7(A71 (0* 177*1, ;'7 
>%9 %1 .2&(97* %0 (0 ()7( :'%&' :(1 &7)9(%0U
.# >)2?7* ?# L79)%7M1 =70 Vnearby in the 
same disturbed stratum, :7 82<0* 9'7 12.7
28 ( 1'27 (0* ( >%7&7 28 &.29'J 02 *2<?9
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(0* )7Q<%)7* 12=7:'(9 17.7&9%A7 &.7()%04J 
.7(A%04 12=7 1<)8(&71 82) 8<9<)7 :2)/, ;'7 
9)70&'71 (0* 1<)8(&7 <0%91 &.7()7* 
>)2*<&7* ( 4)7(9 0<=?7) 28 8%0*1J
'2:7A7), ]219 28 9'717 :7)7 '<=(0 
)7=(%01 (0* )7=0(091 28 ?<)%(. 
(117=?.(471 >)2?(?.# (112&%(97* :%9' 
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/02: :7)7 &2019)<&97* 12=7:'7)7 (9 9'7 
)7() 28 9'7 97=>.7, B=204 9'7 2?S7&91 :7 
7E9)(&97* 8)2= 9'%1 ()7( :7)7 17A7)(. 
1'(?9%1J >()9 28 ( 87=(.7 87)9%.%9# 8%4<)7J 
=(0# >2997)# 1'7)*1J 8(%70&7 ?7(*1J (0 
(=<.79 =2.*J (0* 29'7) 1=(.. %97=1J (.204 

:%9' ( 4)7(9 0<=?7) 28 >(%097* &288%0 
8)(4=7091 V3%41, T( e ?W,

;'7 ()7( (.12 >)2*<&7* =(0# >%7&71 28 
=<==# &.29' (0* =<==# 9%11<7J (.204 
:%9' ( 4)7(9 0<=?7) 28 *%1()9%&<.(97* 
?2071J (.. 28 :'%&' %0*%&(97 9'(9 9'7 
=<==%71 :7)7 9'2)2<4'.# ?)2/70 <> (9 
9'7 9%=7 9'(9 12=7 V2) (..W 28 9'717 92=?1 
:7)7 )2??7*, ;'7 21972.24%&(. =(97)%(. %1 
7E9701%A7 V177 3%4, ^J 07E9 >(47WJ (0* 9'7 
'<0*)7*1 28 ?2071 :7 &2..7&97* ()7 &.7().# 
8)2= ( 0<=?7) 28 ?2*%71 V?(17* 20 ( 4)7(9 
*7(. 28 *<>.%&(9%20 28 ?2071W 28 *%887)709 
(471 V?(17* 20 ?207 1%C71J 7>%>'71%(. 
8<1%20, A7)97?)(. :7()J 79&,W, K2=7 28 
9'717 '<=(0 )7=(%01 :7)7 %0 7E&7..709 
&20*%9%20 28 >)717)A(9%20J (1 :%9' 9'7 
:'2.7 '(0* *%1&2A7)7* %0 2<) &.7(0%04 28
9'7 ()7( *%)7&9.# 7(19 28 ;"5ThF Vs77 3%4, 
PJ 07E9 >(47W, ;'%1 &20*%9%20 :%..
&7)9(%0.# '7.> %0 2<) (0(.#1%1 28 9'7 
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()7( KT5, :'7)7 (0 %09)<1%A7 V(0* .(97) )2??7*W ?<)%(. %1 .%/7.# 1%9<(97*,

21972.24%&(. =(97)%(., @082)9<0(97.#J X), \20C(.2 K(0&'7CJ 2<) =7*%&(. 7E>7)9J &2<.* 029 ?7 
:%9' <1 9'%1 17(120J 12 :7 '(A7 ><9 288 82)=(. 7E(=%0(9%20 (0* (0(.#1%1 28 9'7 '<=(0 
)7=(%01 <09%. 2<) 07E9 17(120, B9 9'(9 9%=7J :%9' X), K(0&'7CM1 '7.>J :7 '2>7 92 19<*# 9'717 
'<=(0 )7=(%01 %0 *79(%. 92 7E9)(&9 :'(97A7) %082)=(9%20 :7 &(0 :%9' )74()* 92 9'7 0<=?7)J 
(47J 17EJ (0* '7(.9' 28 9'7 %0*%A%*<(.1,
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'(0*1 *%1&2A7)7* 
9'%1 17(120 
(=204 9'7 
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>)717)A(9%20 28 
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%09)<1%A7 
?<)%(.(1),



O

B1 :7 7E&(A(97* (.204 9'7 02)9'7)0 7*471 28 K!G (0* KT5 .(19 17(120J :7 82<0* .()47 
&2019)<&9%20 =<* ?)%&/1 9'(9 ()7 2A7) TG &= %0 .7049', ;'7# (>>7() 92 ?7 >()9 28 ( Z7: 
j%04*2= )22= 2) 2<97) :(.. )<00%04 (.204 9'7 7*47 28 9'%1 1<)8(&7 <0%9, ;'%1 17(120J :7 
><1'7* *77>7) %092 9'%1 ()7( (0* 82<0* :'(9 (9 8%)19 (>>7()7* 92 ?7 9'7 .2:7) 9:2 &2<)171 28 ( 
&()78<..# =(*7 ?)%&/ :(.. 28 =<&' 1=(..7) ?)%&/1, ;'7 ?)%&/1 (A7)(47 &, FP &= E 5!,^ &= (0* 
()7 S<19 ( .%99.7 .()47) 9'(0 9'217 %0 9'7 j'201<()*%1 97=>.7 *%)7&9.# 92 9'7 02)9' 28 <1h

K(=>.7 ;(<17)9 Z7: j%04*2= ?)%&/1h TG E 5HJ TF E 5HJ !H E 5HJ !P E 5H
K(=>.7 ;(<17)9 KT5 V;'%)* [097)=7*%(97 L7)%2*gW ?)%&/1h FP E 5TJ FT E 5!J F` E 5TJ FP E 5!
K(=>.7 j'201<()*%1 I(97 L7)%2* ?)%&/1h FT E 55J FG E 5GJ F5 E 55J F5 E 5G

;'717 1=(.. &20A7EU92>>7* ?)%&/1 28 >219–Z7: j%04*2= *(97 :7)7 >.(&7* *%)7&9.# 20 9'7 
%"&"' 8.22)%04 28 KT5 (0* 82)=7* ( )7&9(04<.() 19)<&9<)7 2)%7097* 20 9'7 97=>.7M1 ZUK (0* 
DU- (E71, B1 :7 &.7()7* 9'%1 ()7(J '2:7A7)J %9 ?7&(=7 (>>()709 9'(9 9'%1 :(1 029 ( :(.. V(1 
9'7)7 %1 02 82<0*(9%20 %0 9'7 .2217 %"&"'J (0* 02 7A%*70&7 28 =2)7 *719)2#7* &2<)171WJ ?<9 
>)2?(?.# ( =<* ?)%&/ 1<))2<0* V3%4. `W,

3%4, `, ]<* ?)%&/ 19)<&9<)7 ()2<0* :'%&' =219 28 9'7 '<=(0 )7=(%01 :7)7 )7&2A7)7* (0* :'%&' =(# 
)7>)71709 9'7 1<))2<0* 92 ( 92=? 709)(0&7, [8 9'%1 %1 9'7 &(17J 9'70 9'7 )7=(%01 (0* ?<)%(. (117=?.(47 
8)(4=7091 1'2: 2?A%2<1.# 9'(9 9'7 92=? :(1 )2??7* %0 (09%Q<%9#,
 
;'%1 1<))2<0*J %8 9'(9 %1 :'(9 %9 %1J )<01 ?(&/ (.204 9'7 1<)8(&7 <0%9 (0* =(# '(A7 ?2<0*7* 9'7 
709)(0&7 197>1 92 ( 92=? %0 9'7 %"&"' :(.. 02: <0*7) 9'7 7=?(0/=709 20 9'7 97=>.7M1 :719 
1%*7, [9 =(#J '2:7A7)J ?7 ( =<* ?)%&/ 1<))2<0* 92 ( ?<)%(. 1'(89, -7 1'(.. '(A7 92 :(%9 <09%.
2<) 07E9 17(120 92 &208%)= 9'%1 >211%?%.%9#J ?<9 9'7 >)7170&7 28 ( 92=? %0 9'%1 ()7( V&.7().# 
)2??7* %0 (09%Q<%9#J ?<9 029 :%9'2<9 ()&'(72.24%&(. %097)719 (0* (0 %=>2)9(09 >()9 28 9'7 
'%192)# 28 9'7 97=>.7W 177=1 &7)9(%0,
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B.. 9'7 ()9%8(&91 82<0* %0 9'7 &2<)17 28 9'7 FGGH 17(120 :7)7 &(9(.24<7* (0* >.(&7* %0 
192)(47 %0 9'7 KRB =(4(C%07 ?7'%0* 9'7 R()97) +2<17 20 I<E2)M1 -719 "(0/, ;'7 =219 
%=>2)9(09 %97=1 :%.. ?7 *2&<=7097* %0 2<) 82)9'&2=%04 )7>2)9,
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-7 &209%0<7* 92 =(/7 >)24)711 92:()* &)7(9%04 (0 (&&<)(97 =(> 28 9'7 97=>.7J (0* :7)7 (?.7 
92 4(9'7) ( 422* *7(. 28 *(9( 92:()* 9'%1 42(., ;'7 B<92RBX =2*7. 9'(9 :7 ()7 >)7>()%04 28 
9'7 1%97 :(1 <>*(97* (0* *7A7.2>7* 8<)9'7) %0 2<) FGGH 17(120,

B1 %0 (.=219 7A7)# 17(120 :7 '(A7 :2)/7* 20 9'7 ;(<17)9 1%97J :7 82<0* (0* =(>>7* 
()7(1 :'%&' :7)7 &201%*7)(?.# *%887)709 8)2= 9'217 82<0* %0 L79)%7M1 =(>J` 9'7 *79(%.1 28 
:'%&' :7)7 28970 029 9'7 )71<.9 28 7E&(A(9%20J ?<9 1%=>.# 4<7117* (9J (>>()709.#, B 19)%/%04 
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