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Geothermal Energy Prospectivity of the Torrens Hinge Zone: 
Evidence from New Heat Flow Data 
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South Australian Heat Flow Anomaly  
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Geological Setting 

The Torrens Hinge Zone 
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b,'&/,%(&)*?-';*d,'$*Ab?dGC*H.,*5-/=,$,)$*)&$"%,*
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Thermal Conductivity in the THZ 
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=-$,)$(&'* $.,%/&'* ()#"'&$-%#C* ?"%$.,%/-%,:* $.,*
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$,5$-)(5* 4&<%(5#*-%* $.,*$('$()1*-4*<,;;()1*='&),#*;",*
$-* ;,4-%/&$(-)* A3'&"#,%* [* B",)1,#:* L88Pe*
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H."#* $.,* ,44,5$#* -4* ;,4-%/&$(-)* >,%2* '(Z,'2* %,;"5,*
$.,*$.,%/&'*()#"'&$()1*&<('($2*-4*$.,*#,;(/,)$#*()*$.,*
!;,'&(;,*+,-#2)5'(),*%,1(-)*$-*$.,*,&#$*-4*$.,*HBO*
;",* $-* $.,* ,44,5$#* -4* $.,* b,'&/,%(&)* _%-1,)2C*
B-9,>,%:*&#*;(#5"##,;*&<->,:*$.,*HBO*9&#*'&%1,'2*
#.(,';,;* 4%-/* $.,* ;,4-%/&$(-)* &##-5(&$,;* 9($.* $.,*
b,'&/,%(&)*_%-1,)2*&);*$.,%,4-%,*&'#-*$.,*/&Y-%($2*
-4* $.,* ),1&$(>,* ,44,5$#* -4* &)(#-$%-=2* -)* >,%$(5&'*
$.,%/&'*5-);"5$(>($2C**

^.(',* #,;(/,)$&%2* %-5Z#* &%,* 1,),%&''2* 5-)#(;,%,;*
$.,* <,#$* ()#"'&$-%#:* /&4(5* >-'5&)(5#* &'#-* .&>,* '-9*
$.,%/&'* 5-);"5$(>($2C* H.,%/&'* 5-);"5$(>($2*
/,&#"%,/,)$#* -)*B-'-5,),* >,#(5"'&%* <&#&'$* %-5Z#*
4%-/*\-"$.*!"#$%&'(&*9,%,*="<'(#.,;*<2*D&$$.,9#*[*
d,&%;#/-%,*A677`G:*9($.*$9-*>&'",#*&>,%&1()1*LCPN*
^f/gC* !* $-$&'* -4* L8* #&/=',#* 9,%,* &)&'2#,;* 4%-/*
5-%,* #&/=',#* -4* $.,* /&4(5* X,-=%-$,%-I-(5* d,;&*
a-'5&)(5#:* '-5&$,;* ()* $.,* %,1(-)* (//,;(&$,'2* )-%$.*
-4* @-%$* !"1"#$&C* H.,* .&%/-)(5* /,&)* -4* $.,%/&'*
5-);"5$(>($(,#* (#* 6CPL* h* 7C6M* ^f/g* AD"##-)* [*
!',#5(:*677`GC*H.,*,',>&$,;* $.,%/&'*5-);"5$(>($2*-4*
$.,#,* #&/=',#* %,'&$(>,* $-* $.,(%* B-'-5,),*
,J"(>&',)$#* /&2* <,* ;",* $-* &'$,%&$(-)* &);*
/,$&/-%=.(#/* ='"#* $.,* %,/->&'* -4* /-#$* -4* $.,*
-%(1()&'* >,#(5"'&%*=-%-#($2C*B-9,>,%:* $.,*/,&#"%,;*
>&'",#* ();(5&$,#* $.&$* $.,* d,;&* a-'5&)(5#* &%,* #$(''*
1--;*()#"'&$-%#C*

Structured Heat Flow Measurement 
Programme  

!#* 9($.* -$.,%* =-$,)$(&'* 4(,';#:* $.,* &/='($";,* &);*
9&>,',)1$.* -4* #"%4&5,* .,&$* 4'-9* &);* $,/=,%&$"%,*
;(#$%(<"$(-)*&%,*;(%,5$'2*%,'&$,;*$-*$.,*/&1)($";,*&);*
;,=$.* -4* $.,* .,&$* #-"%5,C* !)* ()$%&R5%"#$&'* .,&$*
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#-"%5,*#.-"':*;%-:"5,*&*#"%4&5,*.,&$*4'-<*&)-/&'2*
<($.*&*<&=,',)1$.*()*&*#(/('&%*-%:,%*-4*/&1)($":,*&#*
$.,* :,;$.* -4* >"%(&'* ?,@1@* A&$$.,<#* B* C,&%:#/-%,D*
677EF@*G",*$-*$.,*#$&$"#*-4*$.,*.,&$*4'-<*:&$&*#,$*()*

!"#$%&'(&D* <($.* /-#$* =&'",#* #;&5,:* ."):%,:#* -4*
H('-/,$%,#*&;&%$D* ($*.&#*>,,)*;%,=(-"#'2* (/;-##(>',*
$-*&:,I"&$,'2*:,'(),&$,*5%"#$&'*.,&$*4'-<*&)-/&'(,#@*

!"#$%&'()'*&+'#&,-,#"./-'&-&0&123',4'.&12%/-'5,$26'7$32%/-"/8'96&'9,%%&13':"1#&';,1&'"3'/'1/%%,<'&-,1#/2&'2%/13"2",1'=,1&'
>&2<&&1'26&'?/32&%1'@/<-&%'A%/2,1'/1B'26&'7B&-/"B&'@&,3+1.-"1&8':&/2'!-,<'C/-$&3'/%&'2,,'<"B&-+'3D/.&B'2,'#/$#&'26&'2%$&'
1/2$%&',4'26&'57':&/2'!-,<'71,0/-+8'96&'"13&2'36,<3'C/-$&3'0&/3$%&B'>+':,$3&0/1'&2'/-'E(FGFH8'*&+)'9%"/1#-&3'I':"32,%".'
D$>-"36&B'6&/2'4-,<'C/-$&3'4,%'26&'%&#",1J'52/%3'I'9,%%&13'?1&%#+'<&--38'5&&'4"#$%&3'K/'L'K>'4,%'6&/2'4-,<'%&3$-23'4,%'9,%%&13'
?1&%#+'<&--38'
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:.,* ;,<$.* $-* 5%2#$&''(),* =&#,/,)$* ()* $.,* :>?* (#*
,#$(/&$,;* $-* =,* =,$@,,)* 6AB* &);* C* D/* ;,<$.* E;,*
F%(,#*,$*&'*677GHA*!)*,44,5$(I,*$,#$*-4*$.(#*.2<-$.,#(#*
$.,%,4-%,*%,J"(%,;*.,&$*4'-@*;&$&*$-*=,*5-'',5$,;*&$*
&*/&K(/"/*#<&5()1*-4*&=-"$*L7MLB*D/*$-*4&5('($&$,*
%,&#-)&=',* &55"%&52* 4-%* /&<<()1* -4* .,&$* 4'-@*
;(#$%(="$(-)* E&'$.-"1.* $.(#* ;-,#* )-$* ),5,##&%('2*
&''-@*4-%*'-5&'*I&%(&$(-)#*()*'($.-'-12*-%*%-5D*$.,%/&'*
5-);"5$(I($2* @.(5.* 5&)* &'#-* 5-)$%(="$,* I&%(&$(-)* $-*
#"%4&5,*.,&$*4'-@*;(#$%(="$(-)HA*

:-*$,#$*$.,*.2<-$.,#(#*$.&$*$.,*:>?*5-)$&()#*&%,&#*
-4*.(1.*.,&$* 4'-@*&);* $.,%,4-%,* '(D,'2*.(1.*&I,%&1,*
1,-$.,%/&'*1%&;(,)$#N*&*.,&$*4'-@*;%(''()1*5&/<&(1)*
@&#* ;,#(1),;* ()* $.,* :-%%,)#* 0),%12* +,-$.,%/&'*
0K<'-%&$(-)* O(5,)5,#* E+0O#HA* P(1"%,#* 6&* &);* 6=*
#.-@*$.,*'-5&$(-)#*-4*.,&$*4'-@*@,''#A**

Data Collection  

0&5.*@,''*@&#*;,#(1),;*$-*%,&5.*&*;,<$.*@.,%,*$.,*
%-5D* (#* 5-/<,$,)$* ,)-"1.* $-* =,* 4"''2* 5-%,;* 4-%*
&%-");* 677/* -4* 5-)$()"-"#* ;-@).-',* ;,<$.A* :.(#*
()I-'I,;* %-$&%2* /";* ;%(''()1* $.%-"1.* $.,* /-#$'2*
")5-)#-'(;&$,;*3&()-Q-(5*5'&2#*&);*#&);#N*4-");*$-*
=,*"<* $-*977*/*;,,<N* 4-''-@,;*=2*;(&/-);*5-%()1*
$.%-"1.* $.,* ");,%'2()1* 3&/=%(&)* &);*
R,-<%-$,%-Q-(5*#,;(/,)$&%2*#,J",)5,#A*

Thermal Gradient Data  

!* $,/<,%&$"%,* '-1* 4%-/*@($.()* ,&5.* .,&$* 4'-@*@,''*
@&#* $&D,)* =2* /,&#"%()1* $,/<,%&$"%,* &$* ;(#5%,$,*
;,<$.* ()$,%I&'#* E7A7B* S*6A77*/H* 4%-/* $.,*#"%4&5,* $-*
$.,*=-$$-/*-4*,&5.*@,''A*T"44(5(,)$*$(/,*E&$*',&#$*4(I,*
@,,D#H*@&#*&''-@,;*4-''-@()1*5-/<',$(-)*-4*;%(''()1*
&5$(I($(,#* $-* ,)#"%,* $.,%/&'* ,J"('(=%&$(-)*
EU,&%;#/-%,* V* 3"''N* 677LHA* :,/<,%&$"%,#* @,%,*
/,&#"%,;* $-* &* <%,5(#(-)* -4* W7A77L!3* &);* &)*
&=#-'"$,*&55"%&52*-4*W7A7L!3*"#()1* $%"5D*/-")$,;*
'-11()1*$--'#*,($.,%*4%-/*:-%%,)#*0),%12X#*()S.-"#,*
'-11()1* ,J"(</,)$* -%* 5-)$%&5$,;* 4%-/* $.,* T-"$.*
!"#$%&'(&)*+-I,%)/,)$*Y,<&%$/,)$* -4*Z&$,%* O&);*
U(-;(I,%#($2*&);*3-)#,%I&$(-)*EYZOU3HA*

+,-$.,%/&'*1%&;(,)$*I&%(,#*@($.*'($.-'-12A*>,&$*4'-@*
%,/&()#* 5-)#$&)$* &5%-##* &* 1,-'-1(5&'* =-");&%2N*
&);* $.,%,* (#* &)* ()I,%#,* %,'&$(-)#.(<* =,$@,,)*
1,-$.,%/&'*1%&;(,)$*&);*$.,%/&'*5-);"5$(I($2A*

Thermal Conductivity Data 

:.,* I&#$* /&[-%($2* -4* $.,* <"%<-#,S;%('',;* .,&$* 4'-@*
@,''#* 5-)$&(),;* &$* ',&#$* 677/* -4* 5-)$()"-"#* 5-%,*
#,5$(-)A* * :-* &''-@* %,<%,#,)$&$(I,* $.,%/&'*
5-);"5$(I($2* <%-4(',#* $-* =,* ,#$&='(#.,;N* 5-%,*
#&/<',#*@,%,* $&D,)* ,I,%2* #,I,)* $-* L9*/,$%,#* -)*
&I,%&1,*$.%-"1.-"$*$.,*5-%,;*#,5$(-)A**

\<* $-* $.%,,* #<,5(/,)#* @,%,* <%,<&%,;* &);*
/,&#"%,;* 4%-/* ,&5.* #&/<',* "#()1* &* #$,&;2* #$&$,*
;(I(;,;*=&%*&<<&%&$"#A**

Heat Flow Estimation 

>,&$* 4'-@*5&)*-)'2*=,*/-;,'',;*-I,%* ()$,%I&'#*@($.*
5-()5(;,)$* $.,%/&'* 1%&;(,)$* &);* $.,%/&'*
5-);"5$(I($2*;&$&A*

:.,*4-''-@()1*/,$.-;-'-12*@&#*&;-<$,;*$-*%,&5.*&*
.,&$*4'-@*;,$,%/()&$(-)*4-%*,&5.*@,''A*

:.%,,*&##"/<$(-)#*@,%,*/&;,A*:.,#,*@,%,*$.&$]*

!* 0&5.*5-);"5$(I($2*I&'",*(#*%,<%,#,)$&$(I,*-4*$.,*
%-5D#*4%-/*@.(5.*$.,*#&/<',*@&#*,K$%&5$,;A*

!* :.,* =-");&%2* =,$@,,)* -),* 5-);"5$(I($2* I&'",*
&);* $.,* ),K$* (#* $.,* /(;<-()$* =,$@,,)*
/,&#"%,/,)$*<-()$#A*

!* !*;-/()&)$'2*5-);"5$(I,*%,1(/,*,K(#$#A*

:.,* $.,%/&'* 5-);"5$(I($2* <%-4(',* 4-%* ,&5.* @,''* @&#*
$.,)*"#,;*$-*/-;,'*&*$.,-%,$(5&'*$,/<,%&$"%,*<%-4(',*
$.&$* @-"';* %,#"'$* 4%-/* &* 1(I,)* /&1)($";,* -4* .,&$*
4'-@*()*&*5-);"5$(I,*.,&$*4'-@*%,1(/,A*:.,*-=#,%I,;*
$,/<,%&$"%,*'-1*@&#*<'-$$,;*&1&()#$*$.(#*$.,-%,$(5&'*
<%-4(',N* &);* $.,* /&1)($";,* -4* .,&$* 4'-@* @&#*
&;["#$,;*")$('*$.,*/-;,'',;*$,/<,%&$"%,*<%-4(',*=,#$*
/&$5.,;*$.,*'-11,;*$,/<,%&$"%,#A*

Results 

^)* $-$&'N* L_* <"%<-#,S;%('',;* @,''#* &);* 4-"%* ,K(#$()1*
@,''#* %,$"%),;* L_* ),@* .,&$* 4'-@* I&'",#* ()* $.,*
:-%%,)#*>()1,*?-),N*@($.* $@-* %,#"'$#*<,);()1*&);*
$@-* ()5-)5'"#(I,* %,#"'$#N* <%-I(;()1* .,&$* 4'-@*
5-I,%&1,*4-%*&)*&%,&*-4*&<<%-K(/&$,'2*GNB77*D/6*&$*
&* #<&$(&'* %,#-'"$(-)* #"($&=',* 4-%* ()I,#$(1&$()1* .,&$*
#-"%5,#*()*$.,*=&#,/,)$A*

:.,*%,#"'$#*-4* $.,*.,&$* 4'-@*#$";2*&%,*<%,#,)$,;* ()*
:&=',*L*&);*P(1"%,#*6&*V*6=N*&);*4-%/,;*$.,*/&[-%*
5-)#$%&()$*4-%*$.,*.2<-$.,#(#*$,#$A**

:.,*%,#"'$#*-4*$.(#*#$%"5$"%,;*$,#$*.&I,*I&'(;&$,;*$.,*
.2<-$.,#(#N* @($.* .,&$* 4'-@* I&'",#* -I,%* 87*/Z`/6*
%,5-%;,;*()*#,I,%&'*-4*$.,*@,''#*;%('',;A*

81

u64125




!"#$%&'(&)*+,-$.,%/&'*0),%12*3-)4,%,)5,*6778*

9*

*

!"#$%&'()*'+,%%&-.'/-&%#01.'-,%23&%-'2&-&4&-2')%&).5'+3&'6)%)73"8-)'68)0'9).'23&':"%.2';%"88&;'<0
23&' =,4>)-0?' 9"23' 23&' 6,%2' @$#$.2)' %&#",-' ;%"88&;' .3,%280' ):2&%5' A".2,%"7)8' 3&)2' :8,9' B)8$&.' )%&
$--)4&;'<$2' 8)<&88&;?'9"23'+,%%&-.'/-&%#0'3&)2' :8,9'9&88.'-)4&;')-;'3&)2' :8,9'B)8$&.' 8)<&88&;5
C&0'2,')88'9&88.*'D8$&'E'F'GH'4IJ4(K'L&88,9'E'GH'M'NO'4IJ4(K'P&;'E'!'OH'4IJ4(5'D8)7Q'.R$)%&.
%&>%&.&-2'9&88.'93"73')%&'&"23&%')9)"2"-#'%&.$82.',%'3)B&'%&2$%-&;'"-7,-78$."B&'%&.$82.5'S&&'+)<8&'T
:,%'B)8$&.5'
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*

!"#$%&' ()*' +,%%&-.' /-&%#01.' .,$23&%-' 2&-&4&-2' 5%&5.6' +3&' 2&-&4&-2.' 5%&' 7,852&9' "-' :%"4&
"-;%5.2%$82$%&':,."2",-<'.2%&283"-#'%"#32'2,'"-."9&'23&'8"20'7"4"2.',;'=9&75"9&6'>".2,%"857'3&52';7,?'@57$&.
5%&'$--54&9')$2'75)&77&9<'?"23'+,%%&-.'/-&%#0'3&52';7,?'?&77.'-54&9'5-9'3&52';7,?.'75)&77&96'A&0'2,
577'?&77.*'B7$&'C'D'EF'4GH4(I'J&77,?'C'EF'K'LM'4GH4(I'N&9'C'!'MF'4GH4(6'B758O'.P$5%&.'%&:%&.&-2'
?&77.'?3"83'5%&'&"23&%'5?5"2"-#'%&.$72.',%'35@&'%&2$%-&9'"-8,-87$."@&'%&.$72.6'Q&&'+5)7&'R';,%'@57$&.6'

'
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Discussion 

:-%%,)#* 0),%12* "#,;* $.,* .,&$* 4'-<* &);* $.,%/&'*
5-);"5$(=($2* ;&$&* $-* 5%,&$,* $,/>,%&$"%,?;,>$.*
/-;,'#* 4-%*#,=,%&'*-4* $.,* %,1(-)#* $.&$*<,%,*;%('',;@*
:.,* >%(/&%2* $--'* "$('(A,;* $-* ,#$(/&$,* $,/>,%&$"%,*
<&#* &* BC* $,/>,%&$"%,* ()=,%#(-)* #-4$<&%,* /-;"',*
;,=,'->,;* $.%-"1.* 5-''&D-%&$(-)* D,$<,,)* :-%%,)#*
0),%12*&);*E-$*C%2*F-5G#*H$2*I$;@**

J)>"$#*()$-*$.,*#-4$<&%,*()5'";,;K*

!* :.,* BC* 1,-'-1(5&'* /-;,'* -4* $.,* %,1(-)* ()*
L",#$(-)*

!* 0M$,)#(=,* $.,%/&'* 5-);"5$(=($2* /,&#"%,/,)$#*
");,%$&G,)N* >'"#* $.,* &##(1)/,)$* -4* $,M$D--G*
=&'",#* <.,%,* ),5,##&%2N* <($.* $.,%/&'*
5-);"5$(=($2*=&'",#*&##(1),;*$-*1,-'-1(5&'*")($#*
()* >%->-%$(-)#* D&#,;* -)* >"D'(#.,;* &);*
()$,%>%,$,;*1,-'-1(5&'*;&$&@**

!* H"D'(#.,;*;&$&*&D-"$*()$,%)&'*.,&$*1,),%&$(-)*()*
$.,*%-5G*5-'"/)@*

!* H%,5(#(-)*#"%4&5,*$,/>,%&$"%,*&);*#"%4&5,*.,&$*
4'-<*/,&#"%,/,)$#@*

:.,* $,/>,%&$"%,* /-;,''()1* #-4$<&%,* ->,%&$,#* -)*
$.,*>%()5(>',*-4*O()=,%#(-)P@*Q)-<)*()4-%/&$(-)*&D-"$*
#"%4&5,* $,/>,%&$"%,* &);* #"%4&5,* .,&$* 4'-<* (#*
,)$,%,;* ()$-* $.,* #-4$<&%,* /-;"',@* :.,* #-4$<&%,*
$.,)* 5-/>"$,#* ()* $.%,,* ;(/,)#(-)#* $.,* #(/>',#$*
;(#$%(D"$(-)*-4*$,/>,%&$"%,*$.&$*4($#*$.,*-D#,%=&$(-)#N*
<.(',* %,#>,5$()1* $.,* '&<#* -4* 5-);"5$(=,* .,&$*
$%&)#4,%*&);*$.,*$.,%/&'*>%->,%$(,#*-4*$.,*1,-'-1(5&'*
#$%&$&@* :.,* $,/>,%&$"%,* ;,>,);,)5,* -4* $.,%/&'*
5-);"5$(=($2*(#*&'#-*$&G,)*()$-*&55-")$@*

:-%%,)#*0),%12*;,%(=,;*BC* $,/>,%&$"%,*/-;,'#* ()*
$.(#* /&)),%* 4-%* $.%,,* -4* ($#* >%-R,5$#* S* $.,*
H&%&5.(')&N* H-%$* !"1"#$&* &);* T&;'&/&'G&* H'&2#*
UV(1"%,*WX@*

Conclusion 

J$*<&#*.2>-$.,#(A,;*4%-/*1,-'-1(5&'*&);*5-);"5$(=,*
.,&$* 4'-<* >%()5(>',#* $.&$* $.,* :EY* (#* '(G,'2* $-* D,* &*
%,1(-)* -4* .(1.* &=,%&1,* 1,-$.,%/&'* 1%&;(,)$#* &);*
$."#*>%-#>,5$(=,*4-%*0+Z*1,-$.,%/&'*,),%12@**

:.,*.,&$*4'-<*;%(''()1*5&/>&(1)*;,#(1),;*$-*$,#$*$.,*
(;,&* %,$"%),;* %,#"'$#* $.&$* .&=,* =&'(;&$,;* $.(#*
.2>-$.,#(#@*

[($.* #,=,%&'* G('-/,$%,#P* $.(5G),##* -4* /-;,%&$,*
5-);"5$(=($2* #,;(/,)$#* -=,%'2()1* $.,* 5%2#$&''(),*
0&#$,%)* +&<',%* 3%&$-)* D&#,/,)$* ()* $.(#* %,1(-)N*
>'"#* ($#* >%-M(/($2* $-* ,M(#$()1* >-<,%* ()4%&#$%"5$"%,N*
$.,* :-%%,)#* E()1,* Y-),* (#* )-<* 5-)#(;,%,;*
>%-#>,5$(=,*4-%*,5-)-/(5*0+Z*;,=,'->/,)$@*
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Well Heat Flow (mW/m2) 

!"#$%&#'(' )*'

+$,,-.'(' (/0'

12-3$4'(' 546$46,-7&8# 

92:;-,'(' (</'

=2,3$;'(' ((/'

+24"2,>'(' ?@A'

B3##C#23"'(D' E(AA'

B$33#47'(' ?/'

BFGH(D' E0'

1I#,$C'(' 0('

J$3&2'(' 546$46,-7&8#'

BI#$"#4'<' (/('

BI$3&4'(' E*'

K&4L&4'(' ))'

M%&C2.&'(' )<'

K2&N23$'(' )O'

9$3C#3N'(' )*'

D462,2;$4'(' ?0'

P2,Q$3'(' O)'

1.3;$,'(' R#4"&4;'

P232.&3'<' R#4"&4;'

STK'(/O'US,23#V' (/('

Table 1.   

Surface heat flow measured in wells from this study. 

*Gandalf 1 displayed a departure from a simple conductive 
heat flow inversion model. The best fit conductive model can 
be found by applying a heat flow of 116 mW/m2 in the 
interval 375-433 m depth, and 83 mW/m2 in the interval 433-
545 m. 

**Treebeard 1A heat flow value is preliminary 
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Appendix 1: Seismic Surveys and Results. 

Parachilna Seismic Survey, completed January 2009 
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Port Augusta Seismic Survey, completed May 2009 
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Appendix 2: Generalised Stratigraphic Column for the Torrens Hinge Zone 

Torrens Hinge Zone General Stratigraphy 

Age Group  Common Units Present 

:',(#$-5,),;<-'-5,),* :(%(,=>-%%,)#*?&#()* @)A(44,%,)$(&$,A*3'&2#*&)A*+%&B,'#*

C'(1-5,),=D(-5,),* :(%(,=>-%%,)#*?&#()* E,"%--A'&*F-%/&$(-)*

0-5,),* :(%(,=>-%%,)#*?&#()* 3-$&G,)&*F-%/&$(-)*

D(AA',*3&/G%(&)* H&I,*F%-/,*+%-"J*
:&)$&J())&*F-%/&$(-)*
?&'5-%&5&)&*F-%/&$(-)*
D--A'&$&)&*F-%/&$(-)*

D(AA',*3&/G%(&)* @))&/,A*+%-"J*
K(%%,&'J&*H(/,#$-),*
?(''2*3%,,I*F-%/&$(-)*

0&%'2*3&/G%(&)* <&LI,%*+%-"J*
K('I&L(''()&*H(/,#$-),*
:&%&5.(')&*F-%/&$(-)*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
H&$,*D&%()-&)P*

K('J,)&*+%-"J*
:-")A*Q"G1%-"J*

R&L)#',2*S"&%$M($,*
?-)),2*Q&)A#$-),*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
H&$,*D&%()-&)P*

K('J,)&*+%-"J*
K-)-I&*F-%/&$(-)*
?")2,%--*F-%/&$(-)*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
H&$,*D&%()-&)P*

K('J,)&*+%-"J*
Q&)A(#-)*Q"G1%-"J*

!?3*S"&%$M($,*N()5'T*3-%%&G,%%&*Q&)A#$-),P*
?%&5.()&*F-%/&$(-)*N()5'T*>%,1-'&)&*Q.&',P*

E"55&',,)&*F-%/&$(-)*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
0&%'2*D&%()-&)P*

@/G,%&$&)&*+%-"J*
U,%,'()&*Q"G1%-"J*

0'&$()&*F-%/&$(-);K.2&''&*Q&)A#$-),*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
0&%'2*D&%()-&)P*

@/G,%&$&)&*+%-"J*
@J&'())&*Q"G1%-"J*

>%,M-)&*F-%/&$(-)*
K('/()1$-)*F-%/&$(-)*
!)1,J,)&*F-%/&$(-)*
0$()&*F-%/&$(-)*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
H&$,*Q$"%$(&)P*

@/G,%&$&)&*+%-"J*
E,J-"(,*Q"G1%-"J*

?%(1.$-)*H(/,#$-),*
>&J',2*<(''*F-%/&$(-)*N()5'T*K--5&''&*

V-'-/($,*D,/G,%P*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
0&%'2*Q$"%$(&)P*

@/G,%&$&)&*+%-"J*
U"A)&/"$&)&*Q"G1%-"J*

K('2,%J&*F-%/&$(-)*
!JJ('&*>(''($,*

C$.,%*,W"(B&',)$*Q$"%$(&)*+'&5(&'#*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
H&$,*>-%%,)#(&)P*

?"%%&*+%-"J*
@))&/,A*Q"G1%-"J*

Q&AA',L-%$.*F-%/&$(-)*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
D(AA',*>-%%,)#(&)P*

?"%%&*+%-"J*
D")A(&''-*Q"G1%-"J*

QI(''-1&',,*V-'-/($,*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
0&%'2*>-%%,)#(&)P*

?"%%&*+%-"J*
0/,%--*Q"G1%-"J*

R.2)(,*Q&)A#$-),*

E,-J%-$,%-M-(5*N!A,'&(A,&)O*
K(''-"%&)P*

*
?,A&*X-'5&)(5#*

?&5I2*:-()$*F-%/&$(-)*
3&''&))&*+%-"J*

D,#-J%-$,%-M-(5*0&#$,%)*
+&L',%*3%&$-)*

*
:&)A"%%&*F-%/&$(-)*

+&L',%*R&)1,*X-'5&)(5#*
<('$&G&*Q"($,*+%&)($-(A#*

:&'&,-J%-$,%-M-(5* * ?&%-##&*3-/J',Y*

*

*
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