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N/(&&#/H';,H'K#/10(4H">,H'B4 (0% (FHH&H'Q, >4 (% %/ A$3(4*)/4('3"*%('LO*TA*$'#2'<410@ 3" )# PM'N>*,'
6%&'()7"8)9$'1GZ6Z" ,

<)0°4/L(H'8,'r'80)" TAN(4)(++#&0H'7,"" (4$#LS&*$0.%'#2'$*&)+ (SO M@ *» 96 %60. *+'34#3(4)YOkE0 &' ()* () +,~(

1L($ 'UBZUMG'|GZZP_,
N*4&(4#H'=,"d,HC*$*4*H'-,'B, r'<"0$H' AR, 7T#&) 0& (8HMOM (L *&H#$*+#/%'m#&(%'[0) "' +#['%(0%$0. 'L (+#.0)S"™*)")"("
R*%(‘#2'=*4)"t% '$*&)#(O1")!"#'54 '%HYB0Y\]GZ6U._,

E#2$*&&H"-'F," *&)+('T(#."($0%)4SK)"('$(%%*T(24#$'#.(*&0. 1#+.*&0%$L" "*"'$ 'GOV-GG\']6\X_,
EO04#%(H'B,H'V(OH's,H";*H's,'r', MBHIHE 2*) (‘#2'%/RL/.)(L'R*%*+)0.".4/%)'0&") " ('=*4) "t%'+#[(4'$*&)+Q1" *%&$
PMPU'I6\\\_,"
Q(%."*$3%H'V,H'7T#RL(&H'8,'r'*.5+(SH'>,"J,'"('340$0) 01 ('&*)/4A('#2'+*AT (LY (34.0)S'34#10&.(%/1-%)
6;/,"-)=54):"--"*#%*")$ '6\Y-GZY'|GZ6G_,

(%)$*+"-."1"$0&

F(*.5&H[+(LT( ')"('%/33#4) #2'C=2T7'TA*@=c>@6XUPXC6"@C;ZZZOUDCOH*EK VR (*$ )0$('34#3HY%6*+ VAN <
OUO*&L'IMMUF()"™*&5' N, :*&)"0+*5(*&L'Q, VA(0)*%'2#4")" (04" %%60%)*&. (‘*&L ' 2#4'+(8A)8&T#%0. (b/03$(&)"
244#$ S RHA*VHOA('FTS%' () A+ * 824" 1% ('LIA0&T")" (0&0)0%+'("3(40$(&) %'#2') " 0Y%SHOH2S>0" 04N L () (. #4'
[¥96'%6/33#4) (L'RS")"('VA(&."N#1(48$(&)'10%)" ('WO&1L(%)0%%($(&)%'Lt-1(&04W' 34#TA*$H' /&L (4")"('4(2 (ERAN(-C?
-9?1\EP!
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I"HSUHE! () *+ I HSY& &+, $-.$/10101234 ! - #1%)0.'1(+#.0)0(%'#2' . *+.0/$'3(4#1%50)( X

(102*1" 94%0!34103*$&""

-, 2,1 L(%O0T&(LH'3(42#4%(L™*&L"*&*+S%(L")"('( 3(40$(&)%H'T*)" (4(L'L*)*'24#$")" ('+0)(4*)/4(*&L'[4#)(")"("
$*&/%.403),'F,-, 7, L(%0T&(L*&L(1(+#3(L)"('( 3(40$(&)*+'34#.(LI4( '*)'9QZU'H2")"('=<?\0,N,F, *%%0%)(L'[0)"
08&)(434()*) O#&*&(2D&($(&) #2'L0224* )O#&'LYS K, H'Q, HE -, 7*&L'C,7,<," (+3(L'3(42#4%'( 3(40$(&) % #1(4'
V[# %(%%0H#&%6™)")" (=Y, 3(42#4S(L')"( #$3/)*)0H&*+' %0S$/+*)0#&L% E, " *%%0%)(L'[0)" L*)*'*&*+S%8%,’
*[)"#4%' #8&)40R/)(L)#)"('%.0(8)020.'LO%./ HGAOBR(Z*4*)0#& #2") " ('$*&/%.403),

(102*r F#*/(03*s

("N "#A4%'L(A*4('&# #$3()0&T'20&*&.0*+'0&) (4(%), T#44(%3#&L(&.(*&L'4(b/(%)%'2#4'$*) (40*+%'%"#/+L'R ("
*LLA(%%(L")#'-,?2,1'T*,4,) " #$%#&N . +,*.,/5 ",

- (0('(5(3,(43,306'&0( 0"/"$0 '
PPLYF[AC A+ )(L*)) (=/A#3(*&'<S&."4#)A#&' 7*L0*)0#&'V*.0+0)S'0& NA(EER 4(+1*0+*R+('24#$'
"))3kccL#0, #4682, PGYPCULR\PMWIKRBZ6 VIR (. \EZ(\U(Y2.2YI'Q(401 (L'L*)*24#$)"0%'%)/ER["0." 0&.+/L (%'
%ok 4. (L*)* 20#$' 20 T/AG T M*&L'()(&L(L'L*)*20T/4(%'6" PHA('34#10L (L'0&")" ('%/33+($(&) IR 2H#AS) OH#&
) R+(%

#3.1!" %703*$&'

VOT/4BKTH$34(%%04#&*+*&L'U(EE 1(+#.0)0(%'#2"./RO.' T*HB@#1%50)('24#$")"0%*&L'34(10#/% %)/L'0(%'
H$34(%%0H#&*+ [*1('1(+#.0)S*&LTR_'%"{14"L (+#.0)S'#2 7T*<Q@H4#1%50)('34(L0.)(L'0&')"0%H*&L'34(10#/%H"
96)/LO(%")" T #1)')" ($*&)+(,'9&LOLOL/*+'(*3(40$(&)*+$(*%6/4($(&) %" *4('%"#[&'[0) "% SSR#+%6H" #+#/4(L'RS'
)($3(A4)/A(T["0)(YoSSRE+Y*4('L¥)* #++()(L*)MZZ'B_, '~ ++1(+#.0)S" /41 (% 4( (VA +H&T+6PZZB'$*&)+(
*LO*R*),'1"0.5' #+#/4(L' J41(T*&L'\Pg' #&20L(&.('0&)(41*+'0& TA(S_'4(34(%(&)%'1(+#.0)S#2' IRO." *31'R*%(L'#&'
2080M0)4*0& $#L(++08&T'])"0%'%)/LS_,'K#+L'L*%"(L'+0&('0%")" (">?=;"1(+#.0)S'34#20+(,

VOT/4(KXDAFS'L0224*.)03*Y) (4890 ($#&%)4*)0&T")" (. /RON)4* T#&*+'3"*0(") 4* &% 0) 0# &' 0 &M EHBYS5Q) '
?0()1(+L'4(20&(MDS'L0224*.)0#&'3*))(4&%" . #++(.)(L™*)'a'6 GRBGXM'B'14(LH"./RO._'#4'MZZ'B'IR+/(H") ) 4*T#&*+_H'
[0)"./RO.'7*<0@}3(*5%+*R(++(LIF*&L")0.5'$*45% 244 #)" (4. (++' #$3#&(&) W H|R_'&HAS*+ ONL) " ARPWF-+ 2V
$*08/$"12["$_'#2'%(+(.)(L'LO224*.)0#&'3(*5% #2' 7*<[BEI#1%50) ("*%'*'2/&.)0#&'#2") ($3(4*)/4(H']._'4(20&(L'+*))0.("
3*4*$()(4%'#2'7*<O@B (4#1%50) ('%*$3+(*2&.)0#&'#2'("3(40$(&)*+") ($3(4*)/4(with 20 uncertainties,'

VOT/ARK: #1%)0."1(+#.0)0(%'#2" . *31'%*$3+(%"*) NINH&L0) 0#&Yh, ' 7#$34(%%0#&MHF&LTR %" (*%H" 1(+#.0)0(%H"
[0)"L(401(L']._'%"(*4BH™*&L'|L_'R/+BHBH#L/+0'#2' *31'%*$3+(%'S(*%/4(L"*%"*'2/&.) OH& #2') ($3(4*)/4(**)'
H&Y6)*&)'34(%% +#*L|a'6GIISHA|<Q. U020 @]R+/(.04.+(%_"*&L'T*50@S3+(%'[#4*&T (*&L'TA((&'.04.+(%_,'
Uncertainties are all 20. <$*++'R+/(".04%*4('L*)*'[0)" *'+#['%0T &*+k&H0%('4*)O#H'L/()# +#[*$3+0)/L(#2")"(RI22(4'
AHLA(2+()OH&H* &L * 1 (‘+*AT(4'1&.(4)*08&)0(%,'="3(40$(&)*+'1(+#.0)S'$(*%/4($(&) %' 24#3$'34(10#/%'%)/LO(%'*4('3+#)
*05Y40*&T+(%']a'6G'N>* _*&L'%b/*4(% [#4*&T('6G06'N>**&L'3/43+("*)'6P06'N>*L(4YBUHE0&(%'0&LO.*) ()" ("
)($3(4%)/4(%'#2 #R % (41 (L'3"*% (") 4*&%60)DHEF0 @|#4*&T(_*&I7%]<0.U0z.0 @]R+/(,'"(R+/(')($3(4%)/4(
08&)(41*+'4(34(%(&)%")"('()(&)'#2') PEAL (4106 ")# MEC, ') 4*8%0) 08&T*1<0 J0z.0 @"
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I"HSUHE! () *+ I HSY& &+, $-.$/10101234 ! - #1%)0.'1(+#.0)0(%'#2' . *+.0/$'3(4#1%50)( Y

VOT/AEKHL(++(L'L(+#.0)S'34# 204 2IH(4'$*&) +('3"*%(*%6% (SR +*T (%' 0& . #43#4*)0&T' *31'R*%6(L'#&")"0%'%)/LS,
HL(+F%#2T @ ?KHTR_ " AmMR/ATO)('3"*%(*%%(SR+*T (%'4(+*)01 () 3SA#+0) () 4#I T #))" (+#[(4'$*&)+(, (L'
JAL(%*A( *+ [+%) (L'L(+#.0)S'34#20+(%'* +#& TNIBHEI0) (&) 6PZZ B *LO*R*)H'R+/(" JAL(Y6'*4(' ¥+ /+%) (L *+H#&T"*
6ZZZ'B*LO*R*),'<#+0L".JA1(%*4( #$34(%%0#&*+ 1 (+#.0)0(%H'L*%" (L ™*4('%" (AR ))Q(Y4 1 (% * 4('R/+5'

Vot &L'L(+#.0)S'34#20+(%, 1" (/33(4" (LT(#2' (141('0%")" (L (+#.0)S'T" (&' .*31'0%" JRO.H'[" (4(*%")" (+#[(4'R#/&L'0%"
0&L0.*)01('#2")"('1(+#.0)S'(3(.)(L'02".*31'2#4$%'*') () A* THE*+'%)4/.)/4(,

/ "02*-& "

<-?19CN'; -1=79-8<'

<)*4)0&T'$*) (40*+%'#2' T/ ET*e <D0z, 5@ . #$3#%0) 0#&%'[(4('0&0) BABSA (L'RS'TA40&LO&T *334#340*)(*
b/*&)0)0(%'#2"0T"'3/40)S' 7{A@UHALL 0@ )#T ()" (4'0&*&*T*)('$#4)*4H'340#4 " )#'L (. *4R#&*) 0#&*&L'%0&) (40&T'0&)#'
AS%)*++0&([#++*%)#&0)(H'0&")" (. * % (#RIFRD@O& T )#*' T +*% % H' 2102(F @0 ++'$*) (40*+%'[ (41&*+S% (L'
[0)"<=;'=Q<")#."(.5" . #$3#%0)0#&H"*&L")" (' 7T*<O@* %' #&204$(L"*%'3/4([#++*%)#&0) (/YB3 #[L (4'

L0224*,)0#&'= 1.7904 A). Ultrasonic experiments require fullyW(&%('.S+0&L40.*+'%*$3+(%'[0)"'3*4*++(+'3#+0%" (L'

2% (%"*&L"™*&"*%3(.)'4*)0# ¥ +(&T)"cLO*$()(4'1'G,""/%H")"("7T*e<@ U0z, d@u T +*%%'[*%"B% (%% (L'0&)#'.*31™*)'a’
B60'N>**&L'60ZZ'X7'/%0&T™*'6ZcP'$/+)0'*&10+"*%%($R+SH"*&L")"('4(.#1(4(L'34#L/.)%'$*&03/+*)(L'0&)#'%/0)*R+('2#4
2#4'%IR%(b/(&)"™*.#/%)0.'('3(40%$(&)%,'<0&.('73QE#1%50)('0%" /&4 (.#1L(4*R+(H'/&L(ATH#O&T *'L(.#$3#%0)0#&")#'
amorphous “glass” with significant fracturing at room temperature M0)'0%'&#)'3#%%0R~+(")#'34(3*4('*'%0$0+*4'%*$3+('#2'
)'((&L$(SR(4'3(4#1%50)(".#$3#%0)0#&,'9&%) (*L'%*$3+(%'#2'[*+%)4#$0) ('[(4('34([BO4(DPL")"(""OT" (%N

34(%%/A( 4(H1(4*R+('3t+S$HA3" #2 THSRB'%0&) (40&T™)'a' X' N>*"*&L'6MZZ'X7'[%0& T 6BR YO ¥Y0%(SR+S

Q9VV‘?-7!9@C'-CQ8!?-<@ C97'=D>=?9;=C8";=IE@Q<"

DA*S'L0224* )0#& &L/ +)4*%#&0. (" 3(40$(&)%'[(4('3(42#4$(L'&'R(*$+0&("9OQMMA>'#2')" (‘=<?V'
%S&."A#)4H&H [ (4('$#LO20(L'6ZCP'$/+)0'*&10+*%06(SR+0(%'[(4('($3+#S (L')H*++#['%60$/+)* & (#/%'$(*%6/4($(&) #2'
%*$3+('L0224%. ) OH&H" +(&T)" " *&L"™* #/%)0."1(+#.0)S,'<*$3+(%'[(4('3+*.(L*Ld*.(&) ) ¥+ 3#+0%" (L'3#+S.4S%)*++0&(*+/$
RI22(4 4L #&H&(YOL ()Y 4(%."(L)"(IR()HE'0.")" (1+)4*%#80.)4* &Y% LI (4 [*%*))*."(LH*&L*& ; T@'q'C*7+
$0°)/4('%(410& T *% ' %#2) R* . 50&IPH&N"('C*7+_"*%3A(%%/4('$*45(4'HE&")"(#)" (4,1"0& -/ 2H0+%'[(4('3+*.(L"*)'

(%" (&L'#2')"(Yo*$3+ () +H[ %*$3+('+(&T)")#'R(#R%(41(L'[0) " 4*LO#T4*3"0.'0$*TO&TH* &L *+%# R([((&)"(
JR(*&L'RI22(4'4#L Y #*%%0%)'[0)""*.#/%)0." #/3+0&T,'I"0%"* #/%)0." #+/$&'[*%' (&.¥3%/+*)(L'0&'*".4/%"*R+(;T@"
%o+ ((L(H*&L'%/R%(b/(&)'2(HAPKC 2/4&* (H'["0." [*%' #&)*0&(L[0)"0&'vA@D&Y6/+*)O#& *&L ' 74K, T @'#.)*" (L4A*+'
34(%%/4('S(LO/S, -'F VI(')" (4$#.#13+('[*%'1%(LH'0&%(4)(L'244#$")" (‘#33#%0) (' (&L'#2')"(".(++*%%($R+S'0&*& ; T@"
Uo+ ((L()#'SHEO)HA) ($3(A%)/A(*Ld*. (&))" (%*$3+(")"4#IT"#)'( 3(40$(&)%']=")(&L(L'Q*)*'VOT/4Y. '

-HH&TY)"('3*)"#2')" (" WFS'R(*$H)"(&#4$*+'.(4*$0.'$*)(40*+%'[(4('4(3+*.(L'RS™OT"")4*&%3*4(&.S"*$#43"#/%'
<OK7C]@_'[0&L#[%,";#&%#."4#$*)0.'%S&."4#)4h8ys (A = 0.22542A or 0.2296A) were used to collect diffraction
3*)(4&%'24#$")" ('%*$3+("*&L '3 ('$*A5(M"A#IT "#/)'(3(40$(&)%'/%0&T")[#'L022(4(&)'L()(.)#4%*1*0+*R+("*)'
9QZU,"9&"*++'("3(40%$(&)%")"('%)*&L*4L'Q()(.)O#&" (."&# M RIB Q'L () (. )#HM'["0.""*%"™*' 20" (L'6 ZEmM’
0&)(T4*)0#&'4*)("[*%'/1%(L")#'4(.#4L'L0224*.)0#&'3*))(4&%'(1(4S'M,G'].#&) 0&/#/%H'[0) "\MG D/ (RRKY'
13/&.)*+H'#&'0&.4(*%0&T*&L'L(.4(*%0&T 34 (%%/4(_,""4#IT"#/)'#&('( 3(40$(&) ' #&TRL0LE@D)0#&*+'>0" 0M*L
LO()#A'[*%' ($3+#S(L")# *%%0%)'[0)")"('0L(&)020.%)0#&'#2'[(*5'%/3(4+%))0.('4(2+(.)0#&%'24#$") " ("W*B3+(,'D
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I"HSUHE! () *+ I HSY& &+, $-.$/10101234 ! - #1%)0.'1(+#.0)0(%'#2' . *+.0/$'3(4#1%50)(  \

%*$3+W()(.)#4 T(#S()4S %' *+0R4A*)(L'/%0&T'<O*&LCHA B! %) *&L* ALY H*&L")" (" #++(.)(L'L0224* ) 0#&'3*))(48%'
[(4('%/0)*R+S'4(L/.(L™*&L"*&*+S%(L'/%0&T")" ("VIIBE)[*4(,'20() 1 (+L'4(20&($(&)'#2'%(+(.)(L'L0224* ) O#&'3*)) (48%'
[*96'3(424#4$(L1%0&T')" (N<-<'%#2)[*4('3* 5*T]</33+($(&)*4S OG2$*) OH&*R+(MT'O,'=" 3(40$(&)*+'/ &ON++
LHHS(%'[(A(*+%# L()(4$0&(LH*&L 1% (L' MEN#<'L () (4$0&*)0#&H'RS'20))0&T")" (*3#%60)0#& *&L'[OL) " #2'0&LO10L /*+'
L0224*.)0#8&'+0&(%'244#$")" (. *31'%*$3+(%* &L'34(%%/4('$*45(4%, '9&")" 0% *%o(". *31' 1#+ HROBLLILDET")" ('

KL (AFT(LHHS( . *+.1+%)(L'24#$')" ((GZZH'MBZH'MGB*&L'GGG'L0224*.)0#&'3(*5%'#2")" ('%*$3+(H'["0+%)')" (' L#+/$(‘#2'
C*7+*&L'-I'T(A('L()(4$0&(L'/%0&T")"(04'GGZ*&L'MBZ'3(*5%'4(%3(.) 02/BB$(&)*4S'9&2#4$*) 0GR+ (P,

<*$3+(%'[(4(H#S34(YP6(L)#)*AT()'+#*L"*&L'0&0)0*++S" (*)(L)#''p'6 ZZZ'B")#'4($#1('%)4(%%'0&")" ('%*$3+(")"*)'
$OT")*22(.)™*.#/%)0.'$(*%/4($(&)%,'9&")"('(3(40$(&)%'#&'7*<HA" ('%)*4) 0& T'$*) (40*+'#2'[*+%) 4#$0) ('[*%'
HA&1(4)(L'0&)# *31'RS™*&&(*+0&T™)" . #&%)*&)'+#*L"|BAMYYH4 ('a'6O'N>*_"*&L'6GEZZ'B'2#4"*'3(40#L"'ABDG
"#/4%H'/&)0+"*++'%0T&%'#2'[*+%)4#$0)('L0224*.)0#&'3(*5%'[(4 ('+#%), >4 (% Yl () HA0B[&)%' [* %'
LO)(4$0&(L'24#$")"('/&OM(++'1#+/$(%'#2' CAKE * &L c#4'-/' 1% 0 & B#Y0M+O0RA*) (LOTW$3(4* )/4('(b/*)0#&%'#2'
%)*)(F{"0+%)'%*$3+('+(&T) "' [*%'$(*%/4(L'/%0&T")"('%)*&L*4AL'0$*T0& T'% S %) ($'0& %0) * +BA % &3
+(&T)"%'L()(4$0&(L'0)"W*S'0$*TO&T [(4("."(.5(L*T*0&%)")"#% (‘B %/4(L'R(2#4("*&L"™*2)(4']0&")" (. *%(‘#2'

7*e<pJ0z, 5@ _'(C3(40$5(&)%'[0)"*'LOTO)*+'T*/T(']6m accuracy). Uncertainties in sample lengths are estimated

from images as = 5 pixels, corresponding to £ 5.4um (< 2% overall sample length), and it is this uncertainty that
34#L1.(%)"('4(3#4)(L'/&.(4)*0&)0(%'0&'1(+#.0)BYB3B} ($(&)*4S'9&2#4$*) O+ (U *&L'VOT/A('M_,"-+#&T%OL ('
1+)4*%#&0.'$(*%/4($(&)%'™*. #$3*&0(L'RS'L0224*.)0#&*&L'0S*TO&TH")"(".4S%)*++#T4*3"0."(1#+/)0#&'#2")"('%*$3+(%'
[*%'%3(.020.*++S'0&1(%)0T*)(L'/%0&T" #&)0&/#/%'L0224* )O#&'" #++(.)(L'L/A0& T . #&%)*&)'4*) (' #H#HIRT'4*$3%'|GP
B$O&F "2#4'7T*<YE&L'7*e<B0z, @1 %*$3+(%'[0)"#/) . #++(.)0&T'/+)4*%#&0.'L*)*,'

- #1%)0.'%0T&*+%H"*+[*S%" #++(.)(L'"*2)(4'%*$3+("*&&(*+0&T"*)" 0T 1H'[(4(')4*&%$0))(L'0&)#*&L '4(.(01 (L'24#3$")"("
%*$3+("*%%($R+S'/%0&T *WIK'E+'$#L ('80CR @1 30(m#(+(.)4A*&%L/.(4")"*)'[*%'20" (L)#")" (. #4&(4'#2")"('

“* #1%)0."./R(” opposite to the sample'/%0&T'=3%5'MPMCQ'(3#'S,'-'%0T&*+'T(&(4*)#4'/(5)4#&0'-VNM6Z67'#4"'
B(S%O0T")'MMUGG-_"[*%'/%(L")#".4(*)("*.#/%)0.'3/+%(%" #$3#%(L'#2")"4((". #&Y3(4DAL(%'#R0& ('f1(%'[0) "MAV
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$(*%/4(L'/%0&T")" ('%*$('#96.0++#%.#3(']!(5)4#&0'Q>@P60OZ'#4'B(S%0T")' Q<@<6Z0O-_")#'4(.#4L")"('L(+*S'RO[((&'
*4401*+")05(%'#2" #$34(%%0#&*+*&L'%" (*4 [*1('%0T&*+%'"*) *" AR #EAS U™ $3+(%C %, '9&'+*) (4' (" 3(405(&) %™
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[*S)4A*1(+")0$(%'#2'/+)4*%#&0.*4401*+%'[(4(".#&1(4)(L'0&)# %*$3+ ("1 (+#.0)O(VIHORT H'E 1 (4+*3'$()"#L
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MUU  L0224*)0#8&'24#$")" (%*$3+(Y6RE.(TA#/3ME B _'#A'H)"(4'.(++ #$34&(&)%']; T@H'-/H'C* 7T+ 10KG, " 3#&.

MUX ##+0&TH')"('L0224*.)0#&'3(*5% 24#$")" (%*$3+('/&L(ATH# %0 BLBBDELYD W(3(&L(&)' RA#*L(&0&T'R(+#['a’

MUY OZ'BVOT/A(G*&E")(&L(L'Q*)*VOT/AG(_,'<O$0+*4+S")# 34(10#/% WIERIO8) (434()')" 0% #R % (41*)0#&*%")" ("
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MYZ )™ )"(4(*4(&H#*LLO)O#&*+'/&( 3+*0&(L'L0224*.)0#&'3(*5%H")" (5&H[+(LT()"*))"('$#%) #R10#/% %0/E845))

MYB  *)a'U,6x'G%"#/+L'0&L((L'R()"('%)4H#&T (%)DE.6 "*&L)"*)' )"('%*$()4*&%0)04#&Ip B! #'106,6 _'#./490&'
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MYX  OL(&)020.%)0#&'#2'%/3(4+*))0.('3(*5%'[0)" #LL"*&L"(1(&'";0++(4 D&M (%(b/04(%'3#%0) 01 (*&L'&(T*)01("
MYY  #.)*"(L4*+)0+)96!"/%H)" ("0 T" (%) '3#%%0R +('%S$$()4S #2 08 dEBM*) *$RO(&) . #&L0)0#8% 0% #4) "#4"#$RO.,’
MY\  ?(20&0&T')"('LO224*.)0#&'L*)* 0& FBE(+S'%3*.(TAH#/BBBHEE,6 *&L'MIL)6,4 'L($HE&Y)4*)(%')"*) R#)M?)6'
M\Z  *&L'E6,6 '*&'('3+*0&')"('3%))( 4&%' (b/*++S'[(++H'960) 0% #&.+/LASRO(&) 7*e<QU0z J@i0% #4) " #4 #$RO."
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)" ('5&H[&'%) A ) A(H2 THO@F <0&.('&H'3" % (") 4*&%0)0#& 0% #R Y6 (A& TLLL/ADIA(Y% Y0 4#HS W
)($3(4%)/A('%)41.)IA(*) " 0T " 34(%%/4 (' 0% Y6#%6%/$(L'}#' R(M?) 6 H'#4' 0)a8F) O#&HAL (4(L' (b/01*+(&IMGC, _,'-)'
"OT"\WIN#&L0)0#&% 75as® J@i0% #R%(41 (L4 (ATH)[# '%)41.)/4*+'3"*%6[4*8%0) O&I &L (L'Q*)*'VOT/4(0,

) CMOT (%)) ($3(4%)/4(%H") " (LO224* ) O#&'3*)) (4& 0% [(++'(* 3+*0&(L'02")"(‘%*$3+()*5(%06 BROG)4/.)/4(,
FO)"4(%3(.)")#)"("./RO. 2#4$#2' 7*<0 @I"|0%*%6* L#/R + (I &OW++ (LT('+(&T)"*&L'3*4) OKMF) O#&HAL (40&T"

1% %0/ $(L")# 2#++#[*' 6KBUK0) (‘%6." (B #2'<0™&L'I* #$$#&' #4L(40&T'%."($0& 3(4#1%5Q)@8. . ##+0&TH')"(
7*e<QU07, S @I2049)%)#4) %" )#'*) () A* TH&*+'%) 4/ )/ A('$*45(L'RS")"(*33(*4%&. (‘#2')" ('%*$('%()'#2'%/3(4+*))0.("
3(*5%")") [(4(#R%(41(L'2#4'T*<Q@O0&.(")"("./RO. 1O (*40&T*31 ' 0%MWF) 0#&H#4L (4(LH'0)'0%"*%%)$(L'
)OA*T#&*+'3"*%('$*0&) *OFBYK) O#&*) O#& #AL (A0&FIFOLTY" (‘%3*.( TA#/3'H2")" (') ) 4* TH&*+'3"*%(06 ,'
7H#&)0&/(L' ##+0&T % ((980)#4) 0#& ORIAHHS) ($3(4%)/4('3"%( F{"0." 096%0T &R (‘$#&H.+0&MGC, '])" ("

KW O#&HAL (4(L' T40*&¥2M?)6_'KO[((&)"() ) 4* TH&* +*&L'$#&#.+08&0.'%)41.)/4(%')" (4('0%'*') ($3(4*)/4("
08&)(41*+1"(4()"(L0224*.)0#&'3*)) (48&&H) R('0&L (" (L'/%08&TY%O0& T +('%) 4/ )IEHL (+H'*&L'0) 0% #R %(41(L)"*))"0%"
)($3(4%)/4('0&)(41%+' HAA(Y%3H&LY' W' L(AS'+H['* #1%)0."1(+#.0)0(%, 1" 0%BRBIR( 0 2"+ 20 M4 L (4'3"*%("
)4*8%0)0#&H'["0.""2/4)" (4'0$3+0(%'*' 34(2(4(&M DB AMGC, '#1(4E6,6 '#AEGGH'R*%(L'#&')"(*&*+S%0%#2'

N-* MY -+)(48%)01('( 3+*&*)O#&Y' 2#4")" 0% R("* 10#/4*4(™") ($3(4%)/4('0&) (A1*+#2'3" %% (" #("0%) (&. (H'* & *LLO) O#&*+'
3(4#1%50)('%)4/1.)A(#A VoS (#)" (4'1&( 3+*0&(L'3"(&H#S(&*,'<OSCGHRIL(41%)0#&%"* 1 ('R((&'$*L(124#4'T* 108"
["(4()"(4(' 0% %$*++') ($3(4%)/4('0&) (41*+'RO[((&)"( 06,6 "*&L'M?)6'%)4/.)/4(%"(4()"(R("*10#/4'0%'
*))40R/)(L)#*&'0&) (41*+'#2'3"* % (".#( 0%)(&.(".*/%(L'RS")"('50&()0. (&URFAA0(4'#2") A04WHL (4'3"*%('
)4*&9%0)0#&SHA( L()*0+(LL0%. /%% 28" (. 4S%)*++#T4*3"0. R("*10#/4'#2' *31'%*$SSHPLR (SHEL')"('%. #3(‘#2'
)"(./144(&)'%)ILS,"

- KAC919@'7-87:8-19@CGEQ'E='<8@>="'@V'IEE >A'I=12-N@C-8\WK97'1?-C<919@C

B2X&)&.&f+./+*)0# &% [(4('3(42#4$(L")# . #&%)4*0&")" (" #&LO)O#&%'#2") " (') ) 4* FHRG:")4*&%0)0#&'#2' . *31"
throughout the Earth’s mantle. All simulations were carried out with the L(&%0Y®H&.)0#&W (#4S'1QV!".#L('
A-<>08/%0&T")"('34#d()MITS(&)(L WL(]>-F_'$()"#L O&L")"('>K="2#4$/+*)0#& #R(&(4*+09%0{ 4*LO(QY
*334# 0$*)0#&NIN- OV #+(./+*4' LS&*$0.964'D _'.*+./+*)0#&%'1%(L")"('C#%u')" (4$#%)*)*&L'[(4('4/&"*)")" ("
T*$$*'3#0&)'[0)"*"./) W22'#2'UZZ'(A*&L'4(+* (L")#'[0)"0&B@A *&L"*++'2#4. (%" #'R(+#['Z,ZM'(Ac;j,'-++'
HE3/)*)OH&*+'41&%0'[(4("*)'+(*%)' GZ'3%'0&'L/4*)OH#H&H*+)"#/T"*++'$(*%/4(L'34#3(4)0(%'[(4(‘#R% (41 (LY#'R(2/++S'
HAE&L(AT(L'RS'6G'3%, " >"#&H&' *+./+*)0#& %' 2#4" *+./+*)0& T WER#4)( &) $*)40 /% (L*&'(&(4TS'./)22'#2'YPZ'(AH'
0’0" O'B'3#0&)%"*&L'[(4('4(+* (L)H6A'[0)"2#4.(%'R(+#['Z,26'(Acj,"!"('20&0) ('LO22(4(&. ("B ()"#L'[*%'/%(L"*&L"
34#.(%%0&T'[*%'L#&('[0)")" ('3"#&#3S" . #LR 7**)#$'%($0.#4('M%*&L'M3'%)*) (%'[(4 ()4 (*)(L™*%'1*+(&.('%)*)(%,'
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6 ZDYH YH®RFIW NP

FXEIFCaSiO WLV WXG
FXEIFCaSiO WLV WXG

*UHDX[ HW DO

WMDJI RQDEaSIO WKLY WKG\
. XGR HW DO
6LQHOQLNRY HW DO
/L HW DO

V<<l o @

SUHVVXUH *3D

*UHDX[ HW DO
/L HW DO
.DZDL DQG 7VXFKL\I

—~=- 35(0

BWL[UXGH HW DO

SUHVVXUH *3D
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