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¯° ± ²�³ ± ´Fµ·¶¹¸

º I»i¼ILXZX?MLQB\��d C=f�@WA O;QBK z{QBTUILK;K*fHQBRjfHQBK¹��QWXJR x XJQBGZQBK½m]�A'C ºSd faR x{d f=¾À¿ÁA;GZTbIbK;XJRjV�A;R!i�QWGZfÂi?QBXZfBq c XZQÃ} d K
i?QBX~faQWCHQBK fHQBT*f d K'XJRH[]\'QBK,DÁXZK'Ä·�A;RjRHQWK,XZR d GZXJQBC=faQ �Åd RjXZfaX d KpXZK;VYX~fHfHQBKpO;QWR � IL@WXZÆlRj[]\;QBK � @BQBILK;RPV¡Ib[]\/f
º I»i¼ILXZXv@BAwQWXJK;QWVÇXJK*faQWCHQBRjRaILK*fHQBKÈ|SK*fHQBCHRjA;[]\/A;K;MNR d z"ÉjQWT/fSILA�mÊO;QBVË^`QBz;XZQWf�O;QWCgÌ_ILK*fHQBG x GJA;VÃQBRWq/ÍÎQ¦¾
O'QBC%O;XJQ�DFK*faRjfHQB\/A;K;MLRjfaXZQWmÏQpK d []\�O;XJQ�MNQBK;ILA;QÎÐ7IbMNQ
O;QBR � GZA;VÃQBRH[]\'GÑILA;[]\'QBR_XZV DFCHO;VYILK*faQWG!RHXJK'O
z'XJRHGJILK;MPMNQWKlILA_z{QBTUILK'K/fk¾�ulCaILMNQWKÒ�lO;QWCHQBK_��Q»IbK/fÂi d C=faA;K;MwILA;[]\_K'QBA;Q�DFCHTLQWK;K*faK;XZRHRjQ�z�QW@��A;MLGJXJ[]\%O;QWC
O�y�K;ILVYXZRH[]\;QWK � C d @BQBRjRHQ-O;QBR�Ì_ILK*fHQBGJRW�;ikXJQ`Q¦fÂi¼IÃO;QBCE� d K*}NQWT/fHX d K��lGJXJQ¦mÏQBCjK%T �d K'K/fHQLq
Ó K-O;XZQBRHQWCÅ�SCHz{QBX~f�R d GZG*O;XJQ�ÌÔQ¦fa\ d O;Q�O;QBC §k¤]Õ]¤¦Ön×L¤¦«FØÒÙ"¥�Õ¦Ú�ÖÛ¨U¥'Ü ILK;MLQWi?QBK;O;Q¦fÅi?QBCjO;QBK��bA;VÝO'XJQ�Þ"fHCHA;T*faA"¾
CjQBKÈz;XZRgXJKtO;QWK d z{QBCjRjfHQBK � QWXJGÒO'QBRkA;K*faQWCHQBK_Ì_ILK*fHQBGJRgA'K/fHQBC º I»i�ILXJX�@BAÈA;K*faQWCHRHA'[]\;QBKÒq�ß�A;C¼�SA;Rji?QBC4¾
fHA;K;M�RjfaILK;O;QWK c IbfHQBK } d K,QWGZmEfaQBV x{d C��ILCjQBK¹��CjQBXZfHzlILK;O'Rjf]IUfaX d K;QBK¹ILA'mSO;QWK¹}"XJQWC�MNC��dLà faQWK º I»i¼ILXZX~¾
Ó K'RHQBGZK2@BA'C%¿ÁQWCjm¬�A;MNA'K;M;�gi�QWGJ[]\;QÎXJV ß�QWXZfaCHILA;V } d KÝáLA'K;X�z'@Wi!qSh d }NQWV�z�QWC½��âLâNâ¹z'XJR_Ì_ILX��L�N�'�
T d K*faXZK"A'XJQBCjGJXZ[]\,CjQBMNXZRjfaCjXJQWCjfaQWKÒ�ÁR d ikXJQÔ@BA;R»�Ibfa@WGJXZ[]\;Q c IUfaQBK x QWCHVYILK;QWK/fHQBC¡��CHQWXZfaz;ILK;O;R=f]IbfHX d K;QWKÒq c XJQ
|EK*faQBCjRHA;[]\/A;K'MYQWCHM*ILz¡QBXJK'Q��kQBXZ\;QS} d KtK;QBA'QBKÈDFCHMNQWz;K;XZRHRHQWKtO;QBC?RHQWXJRHVÃXJRj[]\;QBK%Þ/faCHA'T/fHA;C�XZKY}LQBCHRj[]\;XJQ¬¾
O'QBK;QWK � XZQWmÏQWK"z{QBCjQBXZ[]\;QBKÒq Ó K �|Ez�QWCHQWXJK;R=faXJVÃV�A;K'M�VÃXZf7mÏCL�A;\;QWCHQWKÃÞ"faA;O'XJQBK�T d K;K*faQgO'XJQkÌ d \ d XJK � XJQWmÏQWK
@¦ikXJRj[]\;QBKÎ����¾E��ã�T"Väz�Q d zlIL[]\*faQ¦fSi?QBCjO;QBK�q Ó V�Éb�A;K;MNQWCHQBK � QBXJG�O;QBC Ó K;RjQBGJTbQWfjfaQL�l} d K_�?XJM Ó RHGJILK;OÈz;XJR
Q¦fÂi¼I � IL\/AÒ�ÊfaCHX~fHf!@WA;R��IbfH@BGZXJ[]\½QWXJK;QPRjQB\;C-RjfaILCHTbQw� d K*}NQWCjfaXZQBC=faQYILA'm4�ÊO;XZQÃXZK;K;QWCH\lILGZz
O;QBC��`CHA;R=faQÃQBC=¾
@WQBA;MbfEikXZCHOÈA;K;OÔ@BA;V�É �A;K;MNQWCHQBKÔ��QWCHQBXZ[]\Ô\'XJKÈRjy"RjfHQBVYIbfaXZRH[]\%mÏC �A;\;QWCEILA'mnfaCjXZfjf»q
c QWA'faGZXJ[]\tIbA;RHMNQ x C��IbMLfgQBCjRH[]\;QWXJK*fEXJVäÌÔQBRjRHMNQWz;XJQ¦fkO;XJQeÐ�X~fa\ d R x \��IbCHQBK"¾Â��R=fa\;QWK d R x \��ILCjQBK�¾4^!CjQBK;@WQLq c QBC
GJILK;MLmÏCjXJR=faXJMLQ`DFXJK'ÄlA'RHR�O'QBR � GZA;VYQWRSz{QWikXZCHT*faQ-QBXZK;Q-��A;RjO·�A;K;K/A;K;MtO'QBCSÐ�X~fa\ d R x \��IbCHQ-XJVå�ILG~faQWCHQBK � QWXJG
O'QBC Ó K;RjQBGZTLQWfjfaQbq Ó K;K;QWCH\lILGZz�O;QBCS��R=fa\;QWK d R x \��ILCHQ�ikA;CjO;Q�QWXJK;Q�G d TUILGJQ-hEXJQBO'CHXJMLMNQBRj[]\/ikXZK;O;XZMNTLQWXZfaRj@ d K'Q
A'K/fHQBCj\lILGJzÃ} d Kw��XJM Ó RHGJILK;OYKlIL[]\;MNQ¦ikXJQWRHQBK��'O;QWCHQBKw|SCHR x CHA'K;M�QBz{QBK�mæILGJGZRFVYX~f?O'QBV � GJA;VÃQkXJKP¿ÁQBCjz;XJK�¾
O'A;K;MÃMNQBz;CHIL[]\*f�ikXZCHOÒq c XZQ c XJRjT d K*faXZK/A;XZf��IbfaQWK%O'QBC�Ì_ILK*faQWGH�A;z{QBCjM*ILK;MNRj@ d K'Q�XZK%ç'����T"VèA'K;O
éNéL�PT/V
� XZQWmÏQ!T d K;K*faQBK_T"GJILCkXJO;QWK*faXZÆ;@BXJQWCjfgi?QBCjO;QBKÒq�Þ"fHQBGJGZQBK*i?QBXJRjQ�T d K;K*faQWK�ILA à QBCHO'QBVèT d K/}LQBC=faXJQWCjfHQ � \lILRjQBK
IbA;R-�N�L�¡T/V(R d ikXJQPILA'R`MNC��dNà QBCHQWK � XJQ¦mÏQBK
z�Q d zlIL[]\*fHQWf`i?QBCHO'QBKÒq���K'\lILK;O
O;QWCe��K;T/A;K�mnfaRH@WQBX~faQBK�O;QWC
�·êaëæì RÃA;K;O �FíÂíÂì RÃT d K;K*faQÔOlILRYÌÔQWRHRHMLQBz;XZQWfYXJKîO;CHQWXk�EQWMNX d K;QBKîA;K*faQWCjfHQBXJG~f�i�QWCHO;QWKÒ� c QBCÃÞ7�A;O d RjfHQBK
O'QBC Ó K;RjQBGJTbQWfjfaQÈz;XJR�@WA;CÃÌÔX~fHfaQY} d K,��XJM Ó RHGÑIbK;Oî@BQBXZMLf�TbQBXJK'QBCHGZQBXgDFXZK'Ä �A;RjRHQÈO;QBR � GZA;VYQWRB�:i �Ib\;CHQWK;O
O'QBC¼K d CHO'i?QBR=faGJXZ[]\;Q � QBXZG�ILA�mÊCHQWO;A;@BXZQBC=faQ!Þ/¾ÛÍ½QWGJGZQBK;MNQWRH[]\*ikXJK'O;XJMNTbQBX~faQBK¡XJV d z{QBCHQWKÈÌ_ILK*fHQBGÒRj[]\;GJXZQ à QWK
GÀ�ILRHR=f»qÒÞÅ�A;O'i?QBR=faGJXZ[]\
} d K���XZM Ó RjGÑILK;OYÉjQWO d []\
i�QWXJRjf!QWXJK;Q�O;QBA�faGJXZ[]\;Q��SA;RHO:�A'K;K/A;K;M%O;QBC!ÌÔILK*faQBGj�A;z{QBC=¾
MNILK;MNRj@ d K;QÃILA�m�O;XZQ �Åd RjXZfHX d K�O;QWR � GZA;VYQWR`\;XJK�qÊu��A;C`O;QWRHRjQBKp�`QWCHK/z�QWCHQWXJ[]\ÎikA'CHO;QPQBXZK��SILO'XJA;Re} d K
Q¦fÂi¼I%���L��T/VïQBCjVYX~fHfHQBGZfBq

X
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º I»i¼ILXZXlXJR d K'Q d m�fH\;Qkz�QWRjf�T/K d ikK¡Q¦ô'ILV x GZQBR d m�\ d faR x�d fj¾À} d GJ[BILK;XZRHV�i d CjGJO'ikXZO;QLq c A'Qkf d XZfaRFXZK;RHA'GÑIU¾
fHQBO x{d RHX~faX d K¡XZKYfa\'Qe[BQWK/fHCaILG x IL[WXZÆl[ d [BQBILKÒ�/mæILC¼I»i�I»y¡mÏC d V�mÏA'Cjfa\'QBC�fHQB[Wf d K;XZ[�XJK�ÄlA;QBK'[BQBRW� º I»i�ILXJX{XJR
IPV d RjfEXJK*fHQBCHQWRjfHXJK;MÃRHX~faQ`m d CkXJK*}NQWRjfHXJM*IbfHX d K'RECjQBGJIbfaQWO%f d VYILK*faGZQ x GZA;VYQWRBqvÞ d mæILCW�lK;QBX~fa\;QWCkfH\;Q-O;Q x fH\
d m:fa\'Q�R d A;CH[WQ�CjQBMNX d KÈK d Cgfa\'Q�Q¬ô;Ib[Wf x�d RjXZfHX d K d m7fa\;Q x GZA;VYQ`[ d K;O;A'XZfkikXZfH\;XJKtfa\'Q�VYILK*faGZQ!ILCHQ`i?QBGJG
T/K d ikKÒq��SK;Rji?QBCjR-f d fH\;QBRjQYõ/A;QWRjfHX d K;R!VYI»y
GJQBILO�f d K;Q¦i�[ d K;[BGZA;RHX d K;R!CHQWM*ILCHO'XJK;MtO'y"KlIbVYXZ[»ILG x C d ¾
[WQBRjRHQBR�ILRkQLq M;qlVYILK*faGJQ�[ d K*}NQW[WfHX d KÒq
Ó K¹fa\;XZRÃi d CjTîfH\;Q «a¤]Õ]¤¦Ön×L¤¦«eö¬Ù"¥�Õ¦Ú�ÖÛ¨U¥ VYQ¦fa\ d O,XZRYA'RHQBO,f d XZK*}NQBR=faXZM*IbfaQ%RHQWXJRjVYXZ[%R=faCjA;[WfHA;CHQWRwO d ikK
f d fa\;Q%A x;x QBCjV d R=f x ILC=f d mSfH\;QÈG d i�QWCPV¡ILK*fHGJQtA;K;O'QBCHK'Q»IbfH\ º I»i�ILXJX�q c IbfaI�\lI»}NQ%z�QWQBK÷CjQB[ d CHO;QWO
[ d K*faXZK"A d A;RHG~yÃz�Q¦fÂi�QWQBK%áLA;K;Q�CHQBR x QW[WfHXZ}NQWGZyYh d }LQBV�z{QBCe�»âNâNâ!A;K*faXJG�Ì_I»y¡�L�N�'��Ibf?QBGJQ¦}NQWK¡faQWV x{d CaIbCjy
z'C d ILO'zlILK;O
R=f]IbfHX d K'R d K%fa\;Q-m d A;CSz;XJMNMLQBRjf d m·fH\;Q º I»i¼ILXZXÑILK%XJRjGÑILK'O;RBqv��O'O;XZfHX d KlIbGÊOlIbf]IÃ\lI»}NQ�z{QBQWK
I»}bILXZGÑILz;GZQ?mÏC d V x QBCHVYILK;QWK*f?z'C d ILO'zlILK;OÃRjfaIbfaX d K;RBq*Þ�QW}LQBCaIbG{CjQBRjA;GZfHR�\;I�}LQ�z{QBQWK d z�f]ILXZK;QBO�m d C·}bILCjX d A;R
O'Q x fH\;RBq Ó K%ILMNCjQBQWVYQWK/f�ikXZfa\ x CHQW}"X d A;R x A;z'GJXJ[BIbfaX d K;RÁfa\;Q-Ì d \ d \lILR¼z{QBQWKtm d A;K;OÈXJKwIPO'Q x fH\%CHILK;MNQ
mÏC d Vø����f d ��ã�T/V%q Ó K%fH\;Q-y d A;K;MLQBC x ILCjf d m:fa\'Q-XZRHGJILK;OÈ[]\lILXZK%mÏC d Vï��XZM Ó RHGÑIbK;O_I x;x C d ô�qlf d � IL\/A
IbKÔIbO;O;XZfHX d K;ILG{}LQBC=yÈRjfaC d K;MP[ d K/}LQBC=faQBO x \lILRjQ d [W[BA;CjRB�'ik\;XZ[]\ÔXZR¼MNQWK;QBCHIbfaQWO%ikX~fa\;XZKwfa\;Q![BCjA;RjfBq � \;XJR
[ d K*}NQWCHRHX d K_R=y"RjfaQWV¡IUfaXJ[BILGJG~y d [B[WA;CHREIbfEQBILCHGZXJQBC?faXJVÃQBR�XJKtfa\;Q`y d A;K;MNQWC�IbCHQ»I�q
� x C d K d A;K;[BQWOP[ d K*}NQWCHRjX d KÃXJR·MLQBK;QWCaIbfHQBOÃIbfFfa\'Q¼GJX~fa\ d R x \;QWCHQ¦¾ÂILRjfH\;QBK d R x \'QBCHQkz d A;K;O;ILCjy�XJK�fa\'QkILCHQBI
A'K;O;QBCÁXZK/}LQBR=faXJMNIbfaX d KÒq � \'QSG d K;MLfHQBCHV�XJK�ÄlA;QBK'[BQ d m{fa\;Q x GZA;VYQ�GJQ»IbO;RFf d fa\;XZK;K;XZK;M d mvfa\;QkGZXZfa\ d R x \'QBCHQ
XZK½fa\'Q d GZO;QBC x ILCjf d mgfa\'QwXJRjGÑILK;OÎ[]\lILXZKÒq:|EK;O;QWCHK;QBIbfa\¹��XZM Ó RHGJILK;OÒ��ikXZfH\;XJKÎfa\;Q¡ILRjfH\;QBK d R x \;QWCHQb�ÁI
G d [BILG;G d i,}NQWG d [BXZfÂy�@ d K;QS\lILRÁz{QBQBKY}NQBCjXZÆlQWOYikX~fa\ÃXZfaR d CjXJMNXZK�CHQWGÑIbfHQBOPf d fa\;Q x GJA'VYQbq/ù d K*}NQWCjfaQWO x \lIU¾
RjQBR¼mÏC d VúfH\;Q`O;XZRH[ d K/fHXJK/A;X~faXJQWR d m�fH\;QeVYILK*faQBG{faCHILK;RHX~faX d Kw@ d K;QeXJKtç'����T/VïILK'OÈéNéN��T/VËO'Q x fH\%\;I�}LQ
z{QBQWKt[BGZQ»ILCjGZy�XZO;QBK*faX~ÆlQBO�q;Þ x{d CHILO;XJ[BILGJG~y�[ d K/}LQBCjRHX d K;R¼\lI»}NQeILGJR d z{QBQBK d z;RHQWCj}LQBOÈMNQBK'QBCaIUfaQBOwmÏC d V�fa\'Q
�L�L�U¾ÂT/V�¾ÂO;XZRH[ d K*faXJK/A;X~fÂy d CgO;QBQ x QWCBq
� K¹fa\;QÈzlILRjXJR d m�fH\;Q �Fêaëæì RYILK;O �FíÂíÂì RÃfHCaI»}NQWGkfHXJVÃQBR�fa\'Q%ik\ d GJQÈCHQWMNX d K¹[ d A;GJO¹z�QÈO;Q¦}"XJO;QWO÷XJK*f d
fH\;CHQWQYO'XZû�QBCHQWK*f�IbCHQ»IbRB� � \;QÃR d A'fH\;Q»IbRjfaQWCHK x ILCjf d m�fa\;QÃXJRjGÑILK'O�[]\;ILXJK�RH\ d ikR�K d XZK'ÄlA;QWK;[BQWR d m�fa\'Q
x GJA;VÃQPIbf-ILGZGÛ�vik\;XJGZQ�XJK�fa\'QÃK d CjfH\/i?QBR=faQWCHK x IbCjf!CHQWO;A;[WQBO Þ*¾Ài�I�}LQÃ}LQBG d [WXZfaXZQBR`IbCHQ d z;RjQBC=}NQBO½XJK
fa\'Q
A x;x QWCPV¡ILK*fHGJQLq:��A'fPR d A'fa\*i?QBR=f d m���XJM Ó RjGÑILK'O x C d K d A;K;[BQWO¹fH\;XJK'K;XJK;M d mSfH\;QtV¡IbK/fHQBG�fHCaILK'RHXZfHX d K
@ d K;Q x�d XZK*faR d A'f�fa\;Q x�d RHXZfHX d K d m�fa\;Q x GJA'VYQk[ d K;O;A;X~f»�*ik\;XJ[]\YRH\ d ikRgI-\ d f�[ d CHQ�@ d K;Q d m�ILz d A'fE���b�
T/VïCHILO;XZA;RBq

XJXZX
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! §k¤]Õ]¤¦Ön×L¤¦«�ØÒÙ"¥�Õ¦ÚæÖÛ¨U¥'Ü "
��q~� � ¾=Þ*¾4� d K*}NQWCHRHX d K;QWKÇq�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q é
��q � ^`CHA;K'O;RH[]\;CjXZfjfaQ!O;QBC c IbfHQBK*}NQWCaILCjz�QWXZfHA;K;M q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q #

��q ��q~� ��A'mÏz{QBCjQBX~faA;K;MPO;QWCE� d \'OlIbfaQWK q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q #
��q ��q � � d f]IbfHX d K q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q â
��q ��q � c QBT d K*} d GZA'faX d Kpq-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �L�
��q ��q ç ��A'Ä��d RHA;K'MNRj}LQBCHV_�d MNQWK q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ���

��q � Ð�ILA'mÏ@WQBX~faT d CHCHQWT*faA;C�q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �»�
��q ç Þ�A'VYVYIbfaX d K;R=faQB[]\'K;XJTbQBKÈA;K;OÔ� d"d faR=faCaI x ¾=ÌÔQ¦fa\ d O;Q,q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �»é
��q � Ó K*}NQWCHRjX d K%} d K §k¤]Õ]¤¦Ön×L¤¦«�ØÒÙ"¥�Õ¦Ú�ÖÛ¨U¥'Ü q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ��ã

$ �%
! %&%��')(�*+�,�	
! -�. /��
 ��0
�'q~� ß�A;RHILVÃVYQWK;RHQ¦fa@BA'K;MPq�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �»â
�'q � Þ�QWXJRjVYXZRH[]\;Q c XJRjT d K*fHXJK/A;XZf��IbfaQWK q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �L�

�'q ��q~� �`CHA;R=faQBK x \lILRjQBK q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �b�
�'q ��q � c XJQ`ÐÊX~fa\ d R x \��ILCjQBK�¾À��R=fa\;QWK d R x \��ILCHQWK�¾=^`CHQWK;@BQ q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �b�
�'q ��q � c XJQ`ÐÊQW\;V¡IbK;K�¾ c XZRHT d K*faXJK/A;X~f��Ibf_q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �L�
�'q ��q ç c XJQ!ÌÔILK*faQBGj�A;z{QBCHMNILK;MNRj@ d K;Q q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �bé
�'q ��q � c XJRjT d K*faXZK/A;XZf��IbfaQWK%O'QBRkA;K*faQWCHQBK
Ì_ILK*faQWGJR
q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �1#

�'q � Ì_IbK/fHQBG x GJA;VÃQBR�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �bâ
2 �%*4365��7�8
! /39��:/���	�	�;3<�=
!(���
�� $=$
ç;q~� c QWC º I»i¼IbXJX~¾ ºSd fHR x{d f`q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �L�

ç;q~�Nq~� ¿ÁA;GJTUILK'XJRHV�A;R¡q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �bç
ç;q~�Nq � c XJQ Ó K'RHQBGZTLQ¦fHfaQúq-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �Lé
ç;q~�Nq � c XJQ º I»i¼ILXZXJRj[]\/i?QBGZGJQ q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �Lâ

ç;q � c IbfHQBK;VYIbfHQBCHXJILG�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q çN�
}
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ç;qs�"qZ� c ILR º I»i¼ILXZX~¾ � GZA;VÃQ¦¾ � C d ÉjQBT*fÔq�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ç;�
ç;qs�"qs� c IbfHQBKlIbA;Rji�IL\;Gtq-q�q!q-q�q-q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ç*�

" &%�	3UTV
� 8���	���W�	���YXU�7�8
! �Z� �
��8*[�8���;� 2 "
�"qZ� |SK*faQWCHRHA'[]\"A'K;MNRHQWCHMNQWz;K;XZRHRHQèq!q-q�q-q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ç/�

��qZ�LqZ� c XZQ!�!CjA;RjfHQBK�¾4Ì_ILK*faQWG~¾4^!CjQBK;@WQ q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ç*é
��qZ�Lqs� ^`A'faQWK/z�QWCHMb¾ c XJRHT d K*faXZK"A'XZf��IUf q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q �bç
��qZ�Lq � hEXJQBO'CHXJMLMNQBRj[]\/ikXZK;O;XZMNTLQWXZfaRj@ d K'Q-A'K/fHQBCS��XJM Ó RjGÑILK'O
q�q-q-q�q-q�q-q!q�q-q-q�q-q �\#
��qZ�Lq ç ÐÊQB\'V¡ILK'K�¾ c XZRHT d K/fHXJK/A;X~f��IbfgA'K;O
ÌÔILK*faQBGj�A;z{QBCHMNILK;MNRj@ d K;Q q-q�q-q!q�q-q-q�q-q é'�
��qZ�Lqs� i?QBX~faQBCjQ c XZRHT d K*faXJK/A;X~f��IbfHQBK q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ã\#

�"qs� c XJRHT/A;RjRHX d KÈA;K;O Ó K/fHQBC x CHQ¦f]IbfHX d K q-q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q #'�
] ^N��3U*4_W_`
���')*43939�	��� 0��
a �
�8
! �*[���� 8b7
! �c�
��d:/�	����3 0 "
& a ��3U�8
e�	
! fb;
! 8Tg
�����
��8
��,hg
!(N
i� �=�;�
h j7�8*[�8���;�	39�d��3U�8
 ���;$
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�Nq~� º I�i�ILXZX~¾ Ó V x QBCaIUf d C4¾4�P�A;[]TLQWK q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �
��q~� � d K*}NQWCHRjX d K;QWK_A;K'O
ÌÔA'GZfaX x GJQ�q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ã
��q � c IbfHQBK/z{QBXJR x XJQWGÒ@BA'CS�kQBR=faX~faA'fHX d K q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q #
��q � Þ"fHCaIL\'G d CjXJQBK*fHXJQBC=faQWRg� d�d CjO;XJK;IbfaQWK;Rjy"RjfHQBV q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �»�
��q ç c IbfHQBK/z{QBXJR x XJQWGÒ@BA'CS� d faIbfaX d K�q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �L�
��q � c IbfHQBK/z{QBXJR x XJQWGÒ@BA'C c QWT d K*} d GJA'fHX d K½q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ���
��q é � R=¾ÂÐ�ILA'mÏ@BQWXZfHQBKÈ}NQBCjRHA;R º QWCHO;QWK*fHmÏQBCjK/A;K;M q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �Bç
��q ã c IbfHQBK/z{QBXJR x XJQWGÒ@BA'CSÐ�ILA�mÏ@BQBX~faT d CHCjQBT*faA;C�q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ���
��qn# ��QWXJR x XJQWGÒQBXZK;QBC Ó K*}NQWCHRHX d Kúq�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �9#
�'q~� ^`QBRj[]\/ikXZK;O;XZMNTLQWXZfaRjV d O;QWGJG Ó �eÞ � â'� q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �b�
�'q � �|Ez�QWCHMv�ILK'MNQ!O;QBR � GJX~}�XZK�¾=Þ/y�R=faQWVYR
q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �L�
�'q � ^`A'faQWK/z�QWCHMb¾ c XJRHT d K*faXZK"A'XZf��IUfgKlIL[]\Ô�!ILCaIbf d q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �Uç
�'q ç � \lILRjQBK �A'z�QWCHM �ILK'MNQ�XZK � GZXZ}"XJK¡A;K;O_^!CHILKlIbf�q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �1#
�'q � Ì_IbK/fHQBG x GJA;VÃQBRW�vÞ�[]\;QWV¡IUfaXJRj[]\;Q c ILCHR=faQBGZGJA;K'Mïq�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �L�
ç;q~� Ð d IU¾FA;K;OÔ�!QBIU¾ � CHQWK;O q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �bç
ç;q � �Sz'm d GJMLQeO;QBRk¿ÁA;GZTbIbK;XJRjV�A;R�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �Lé
ç;q � Ó R d f dNx QBK*}LQBCH\Ê�ILGZfHK;XJRjRHQ q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �\#
ç;q ç �7dNx{d MNCaI x \;XJQ�A;K;O�^`Q d XJO%q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �Lâ
ç;q � Þ"faIbfaX d K;RjTbIbCjfaQ q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ç'�
ç;q é Þ�QWXJRjVYXZ@BXZf��Ibf`q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ç*�
ç;q ã �S@BXJV�A'f]ILGZQ�¿ÁQBC=faQWXJGJA'K;M�q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q çN�
��q~� Ó K*}NQWCHRjX d K;RjV d O;QWGJGÒm¬�A;CEÞ"faIbfaX d KÈ� Ó4� o � IL\/Avrîq�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ç*ã
��q � � d K*}NQWCHRjX d K;QWKÔ} d KÔO'QBCSÌ d \ d q-q-q�q-q�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q ço#
��q � Ì d \ d T d K/}LQBCjRHX d K;QBKÒ�{VÃXZf¼Í�Í�Þ;Þ�hk¾=Þ � ¾Âu:XJG~faQWC¹q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q çNâ
��q ç Þ"faIbfaX d KÈ� Ó4� � � C d ÆlGZRHQBT*fHX d KÈXJK%�kQ»ILGJILz;R=f]ILK;O q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �"�
��q � �S@BXJV�A'f]ILGZQ�¿�ILCjXÑIbfHX d KwO'QBCSÌ d \ d faXJQ¦mÏQ`A;K*faQWC�� Ó4� o � IL\/Avr,q-q�q-q!q�q-q�q-q-q�q-q�q �b�
��q é � ¾Â� d V x{d K;QWK/fHQBKÈA;K*faQWC�� Ó4� o � IL\/Avräq�q-q!q�q-q-q�q-q�q-q-q�q-q!q�q-q�q-q-q�q-q�q �b�

}"XJX

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



}"XJXJX C.pqpr>@D�s�t	?guRG�IQJvKBM�Jv>POQAB?B>SG

�"qsã Ó K/}LQBCjRHX d K d \;K'Q�ÐÊ���2q�q-q�q!q-q�q-q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q �N�
�"qw# c A;CH[]\;R=f dNàLx A;K;T*faQ!m¬�A;C!���N��T/V q�q-q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q �Nã
�"q â Þ�QBT*faX d K%XJK � C d Æ;GJR d CjfaXZQBCjA;K;MPz;XJRk�L�PR q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q �\#
�"qZ����Þ x A;CjQBK_XZVï��QWCHQWXJ[]\Ô��XJM Ó RjGÑILK;O�� d \;K;Q-ÐL¿!ß q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q éN�
�"qZ�N� Þ x A;CjQBK_XZVï��QWCHQWXJ[]\Ô��XJM Ó RjGÑILK;O��lVYX~fkÐL¿!ß(q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q é'�
�"qZ��� c A;CH[]\;R=f dNàLx A;K;T*faQ!m �A;C ��ëÏê4ì RkA;K*faQBCS��XZM Ó RHGÑIbK;OÈq�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q é*�
�"qZ����Ì_ILK*faQWGJO;XZRHT d K/fHXJK/A;X~f��IbfHQBKÒ� x C d ÆlGZR d C=faXJQWCjfHQ!Þ�QBT*fHX d K q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q éLç
�"qZ�»ç�Ì_ILK*faQWGH�A;z{QBCjM*ILK;MNRj@ d K'QL� x C d ÆlGJR d CjfHXJQBC=faQ!Þ"QBT*faX d K q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q é*�
�"qZ���÷ß�QBXZfj}bILCHXJIbfaX d K¡O;QWC �Fê»ëÂì R=¾ � \lIbRHQ q-q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q é*ã
�"qZ��é�ß�QBXZfj}bILCHXJIbfaX d K¡O;QWC �Áí]íHì R=¾ � \lIbRHQ q-q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q éo#
�"qZ��ã c A;CH[]\;R=f dNàLx A;K;T*faQ!m¬�A;Ckç;����T/VïA;K'O_éNéL�PT/V q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q éNâ
�"qZ�8#�ß�QBXZfHO;XZû�QBCjQBK;@WQBK%O;QBCSÌ_IbK/fHQBG x \lILRjQBK q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ãN�
�"qZ��â÷� d�d faRjfHCaI x ¾4|SK*fHQBCHRjA;[]\/A;K;M;� � GJA;VÃQB@ d K;Q q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ãL�
�"qs�L�÷� d�d faRjfHCaI x ¾4|SK*fHQBCHRjA;[]\/A;K;M;�{Rb�A'O��d RjfHGJXZ[]\;QBCk��QWCHQWXJ[]\ q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ãbç
�"qs���p� d�d faRjfHCaI x ¾4|SK*fHQBCHRjA;[]\/A;K;M;�{K d CjO'i?QBRjfHGJXZ[]\;QBCE��QWCHQBXZ[]\�q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ãbç
�"qs�N�,|SK*faQWCHRHA'[]\"A'K;M¡}NQWCHRj[]\;XJQWO;QBK;QWC � GJA;VÃQBCHILO;XZQBKÇq-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ãNã
�"qs�L�÷|SK*faQWCHRHA'[]\"A'K;MwO;QWR � GJA'VYQWCaILO;XZA;R¼XZKÔ�kXJK'MNRHQWMNVYQWK*faQBK q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ãNã
�"qs�bç � XJQWmÏQWCHQ � \lILRjQBKÒ� � GJA;VÃQB@ d K;Qtq-q�q-q-q�q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q ãLâ
�"qs�N� � XJQWmÏQWCHQ � \lILRjQBKÒ�vRb�A'O��d RjfHGJXZ[]\;QBCE��QWCHQBXZ[]\½q-q�q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q #N�
�"qs�Lé � XJQWmÏQWCHQ � \lILRjQBKÒ�vK d CjO'i?QBRjfHGJXZ[]\;QBCE��QWCHQBXZ[]\ q-q-q�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q #N�
�"qs�Nã÷Ì d O'QBGJG�T"CjA;RjfaILGJQWCSÌÔXJRj[]\"A'K;MNRH@ d K;Q�KlIL[]\yxez ¥�{%¤¦Ú z\|~}�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q #*�
�"qs�\#�Þ�[]\;QBVYIbfHXJRHXZQBC=faQBRSÞ"fHCHA;T*fHA;CHV d O'QBGJG�A;K*faQBC º I�i�ILXZX�q!q-q�q-q�q-q-q�q-q�q-q!q�q-q-q�q-q #Né
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c XZQ º I»i¼IbXJX~¾ Ó K;RHQWGJKti?QBCHO'QBK d mnfSILGZREILK;RH[]\;ILA;GJXZ[]\;QBR���QBXZR x XZQBGÒm]�A;CEO;XZQ-O�y�K;ILVYXZRH[]\;QWK � C d @BQBRjRHQ�A'K;RHQ¬¾
CjQBR � GÑILK;Q¦faQWKÎ\;QWCaILK'MNQB@ d MNQBK�� c XZQ�KlIL\;QW@BA x QWCjmÏQBT*f�XJK��kQBXJ\'QÃGZXJQWMNQBK;O'QBK Ó K;RHQWGJKÒ�Êi?QBGZ[]\;QYRjXJ[]\�faQBXZGJR
d z�QWCH\lILGZzÒ�»faQWXJGZR7A'K/fHQBCj\lILGJz�O;QBR·ÌÔQBQWCHQWRHR x XJQBMLQBGJRS�A;z{QBC7VYQW\;CHQWCHQ � ILA;RjQBK;O��!XZG d VÃQWfHQBCÒQWCHR=faCHQW[]TLQWK_od� ª<�
ªBÖ | ©LÙ"¥�{V� } � r¬�LR d ikXZQgO;XJQ?Q¦ô x{d K;XJQWCjfHQkÐ7IbMNQ¼O;QWRFCHQB@WQBK*faQWKÃ¿ÁA'GJTUILK;XZRHV�A;RÅXJV�@BQWK/fHCaILGZQBK � IL@BX~ÆlT�i�ILCjmÏQWK
mÏC �A;\;@WQBXZfHXJMwikXZ[]\/fHXJMNQ�uvCHILMNQWK
ILA'm4��ikXZQ�QWfÂi�IÈK;IL[]\ÎO'QBC!|SCjRaIL[]\'QPm �A'C`O;XJQ�ÐÊXZK;Q»ILCjXZf �IbfeO;QWC Ó K;RHQWGJTbQWfHfHQ
onÍ XJGZR d KÒ�Ê�»âNéN�*r d O;QBCEKlIL[]\_O;QBV |ECHR x CHA;K;M¡O;QBRE@BA
^`CHA'K;O;Q-GJXJQWMNQBK'O;QBKÈ¿ÁA;GJTUILK'XJRHV�A;RBq c XZQ��?Q»ILK*fj¾
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i d CjfaA'K;MÎO'XJQBRjQBCPulCaIbMNQBK A;K*fHQBCHVYILA;QWCjfHQtK;XJ[]\*fPK/A;CPO;XJQwD·ô�XZRjfaQWK;@ÈO;QBCP� d K*fHXJK;QWK/faILGJO'CHXZmnfB�ÅR d K;O;QWCHK
z�QWMNCb�A'K;O;QWfHQ�MLGJQBXZ[]\;RaIbVïILA;[]\ÔO;XJQ � \'Q d CjXJQe} d K�Ì_ILK*fHQBG~¾ � GJA;VÃQBR-o�Ì d CHMNILKÒ�Ò��âNã���r¦q

º QWA'faQb�7}"XJQWCH@WXJM_áNIL\;CHQÃR x �IbfaQWC�XZRjf-O;XJQ � GÑIbfjfaQWK/fHQBT*f d K;XJT�XZKÎO;QWK ^`Q d ikXJRjRHQWK;RH[]\lIUmnfaQBKpmÏQWRjf�QWfaILz;GJXZQBC=f
A;K;OYO;XJQ � \;Q d CHXZQSO;QWR�fHXJQ¦mÒXJKÃO;QWC?DFCjO;QSikA;Cj@BQWGJK;O;QWK ºEd faR x�d fHR�i?QBX~fa\;XZK¡IbK;QBCjTbIbK;K*f»q �|Sz{QBC�OlILR � CHXJK"¾
@BX x O;QBCÁÌÔILK*faQBGZT d K*}LQBT*faX d KYRjXJK;O�z�QWXJO;Q � \��IbK d VÃQBK;Q¼VÃXZfHQBXZKlILK;O;QWCÅ}LQBCHT/K:�A x mnf»qL¿�XJQWGJQ¼ulCHILMNQBK�\;ILCHCjQBK
ÉjQBO d []\Yi?QBX~faQWCH\;XZKYQWXJK;QWCF��K*fÂi d Cjf»q'Þ d QWfÂi�I'� d zÃO;XJQE� d K*}NQWT*faX d K;RHz{QWi?QBMNA'K;M�O;QWK¡MNQWRaILV�fHQBK¡Ì_ILK*faQWG
A;VPmæILRHR=f d O;QBCEXJKÔQBK*faT dNx;x QBGZfHQBK�Þ�[]\'XJ[]\*faQWK
ILz;GÂ�IbA'mnf»qvDFXJK'Q�R d GJ[]\;Q�DÁK*fHT dNx;x GJA;K;M¡T��d K;K*faQ�O;A'CH[]\
O;XZQ
c XJRjT d K*faXZK/A;XZf��IbfÃXJK�éLéN��T/V � XJQ¦mÏQÔ}LQBCHA'CHRaIb[]\/f¡i�QWCHO;QWKÒq c QBCÃ\;XZQBCÃILA'mnfHCHQWfHQBK;O'Q � \lILRHQWK·�A;z{QBCjM*ILK;M
z�QW\;XJK'O;QBC=feÞ/faC��d V�A;K;MNQWKÔXZKt}NQBC=faXZTbIbGJQBC¼�EXZ[]\/fHA;K;M_oÛù�RjQBCHQ x QWR�A;K'O�½�A;QWKÒ�{�L�N�L�*r¦q
¿ÁQBC=faXJTUILGZQY�SA'mÏRjfHC �d VÃQÃRHXJK'O½@Lq ��qÅO;A;CH[]\ Ì_ILK*faQWG~¾ � GZA;VYQWR�CjQ»ILGZXJRjXJQBC=f»qÒ¿ d KÎO;XJQWRHQWK K;XJVÃV�f!VYILKpILK��
OlILRjR¼RHXZQeILKwO'QBC¼�`QWCHK�¾4Ì_ILK*faQWG~¾=^`CHQWK;@BQSQBK*faR=faQW\;QBKÈA;K;OtXZVú^!QWMNQBK'RaIbfH@e@BA;C?O;CHX~mnfaQWK;O;QBK � GJIbfHfHQ d CjfaR4¾
mÏQBR=fkRHXJK'OÒq;��QWXJO;Q���K;KlIb\;VYQWKÈRHXJK'O�ÉjQBO d []\ÈK;XJ[]\*fgQWK;O;M��A;G~faXZM�z�Q¦ikXJQWRHQBKÈA;K'O%VÃXZf¼ÌÔQWRHRHO;IbfaQWKÔz{QBGZQBMLfBq
Ó K;RHz{QBR d K;O;QWCHQ!O;XZQeDFK*faRjfHQB\/A;K;MLRjfaXZQWmÏQ`} d K � GZA;VÃQBR?ikXZCHOwT d K*faC d }LQBCjREO'XJRHT/A'fHXJQWCjf!oÏ@Lq ��q��EX~faRHQWV¡I-A;K;O
��GZGJQBK�oÛ�L�L�N�*rP¾:ù�RHQWCHQ x QWR ¤¦Ú z\|~}goÛ�L�L�N�NI*rjr¦�Åß�i�QWXZmÏQWG?z{QBR=faQB\'QBK_ÉjQBO d []\îILA;[]\pILK O;QBC � CjfaR=mÏQBR=faXJMLTLQBX~f
o�h d Cjf d KÒ�Ê��âNâN�i¾{Þ"f d GJGÒA;K'O
ÐÊQW}LQBKÒ���L�N�N�Nr¦qvDFXJK;Q!MNQWKlILA;QWCHQ�|SK*faQWCHRHA'[]\"A'K;Mw} d K
Ì_ILK*faQWG~¾ � GZA;VÃQBRkXJR=f
OlIL\;QWC¼m¬�A;CgOlILRkIbGJGJMLQBVÃQBXJK'Qk¿ÁQWCHR=f��ILK;O'K;XJRkO;QWCgO'y"KlILVÃXJRH[]\'QBKÈ��z;GÀ�ILA'mÏQeXZVäDFCjO;V¡IbK/fHQBGÒA'KlILz{O;XJK;MLzlILCBq

c QBC º I»i¼IbXJX~¾ � GJA;VÃQ�XJR=f�K;XZ[]\*f�K/A;C�QWXJK;QWC�O;QWC�z{QBTUILK;K*fHQBRjfHQBKîA;K;O½MNC��dNà faQBK ºSd fHR x{d faRW�ÅQWC�@BQWXJ[]\;K'QWf
RHXZ[]\��A;z{QBCjO;XJQWR�O;A;Cj[]\,RjQBXJK'QtXJR d GJXJQWCjfHQwÐ�ILMNQtIbA;RB�FO;XZQwQBRPV_�d MNGZXJ[]\½VYIL[]\*f»�:O;XJQt�SA;RjikXZCHT/A;K;MNQWK,O'QBR
ILA'mÏR=faQBXZMNQBK'O;QBKÃ\;QBX à QBKYÌ_IUfaQBCjXÑILGZRFILA'm�OlILRÁA;VÃMNQWz�QWK;O;QSÌ_ILK*faQWGJMNQWRjfHQBXJKPA;K'OYXZK;RHz{QBR d K;O;QWCHQkO;QBCFfHQBV�¾
x QWCaIbfHA;CaIbz;\��ILK;MLXJMNQWK c XZRHT d K/fHXJK/A;X~f��IbfHQBK�A;K;MNQWRjf��d Cjf-} d K�i�QWXZfaQWCHQWKÎfaQWT*f d K;XZRH[]\;QWK DFXJK'Ä·�A;RHRjQBKp@WA½QBC4¾
m d CHRj[]\;QBK�q c XJQWRHQ¼�SCHz{QBXZfÅikXJGZG"QWXJK;QWKP��QBX~faCHILM�OlIb@BA�GJQWXJR=faQBK�� º XJK*i�QWXJRjQkILA'mvO;QWKP|SCHR x CHA'K;M!O;QBR � GZA;VYQWR
@BAPÆlK;O;QWK¡A;K'OYO;XZQ �Åd RjXZfHX d KPO;QWR?IbA'mÏRjfHQBXJMLQBK;O;QWK � GJA'VYQWRFR d ikXJQkO;QWC?D·û�QBT*faQb�/O;XJQg\;XZQBCjO;A;CH[]\ÃQBCj@BQWA;MLf
i�QWCHO;QWKÒ�ÒXZV d z{QBCHQWK
Ì_ILK*fHQBG:@WA_G d TUILGJXZRHXJQWCHQWKÒqvß�A_O'XJQBRjQBV ß�i�QW[]TÔR d GJGZQBK%O;XJQ c XJRjT d K*fHXJK/A;XZf��IbfaQWK_O;QWC
ÐÊXZfa\ d R x \Ê�ILCHQ!A;K;O%O;QWR d z�QWCHQBK_Ì_ILK*fHQBGJREILA�m � XJQ¦mÏQBK*}bILCHXJIbfaX d K;QWKt\;XJKÈA;K*faQWCHRjA;[]\*f�i?QBCHO'QBKÒq

Ó KÀ¿VzPÁ ÖnÚÂ¤ |�Â�ikXJCjOÔ@WA;K��IL[]\'RjfeO'XJQ�ÌÔQWfH\ d O;Q�O;QWC §k¤]Õ]¤¦Ön×L¤¦«eØ�Ù�¥�Õ¦ÚæÖÛ¨U¥'Ü QWCHT/GÂ�IbCjf»qvhSIL[]\_O'QBCS��QBRj[]\;CHQWX~¾
z;A;K;MtO'QBR!� d K;@WQ x fHR`A;K;O
O;QBRSfa\;Q d CHQ¦faXJRj[]\;QBK º XZK*faQBCjMNCHA'K;O;QBRSi�QWCHO;QWKÎO;XZQ�^`CHA;K'O;RH[]\;CjXZfjfaQPILK;\;ILK;O
QBXZK;QBRg�?QBXJR x XJQWGJR?QBCHGÀ�ILA'fHQBCjf�R d ikXJQSi�QWXZfaQWCjm]�A;\'CHQBK'O;Q!|SK*faQWCHRjA;[]\/A;K;MNRjVYQ¦fa\ d O;QBK��vikXZQ�RjXJQeIbA;R¼O;QWCgILT*faX ¾
}NQWK�Þ�QWXJRHVÃXJTYz�QWTUILK;K*fERHXJK'OÒ�vILA'mÏMNQW@BQWXJMLfBq

¿VzPÁ ÖnÚ4¤ |rÃwmæILRHR=fPO;QBK¹ILT*faA'QBGJGZQBKî�`QBK'K/fHK;XJRjRjfaILK;O��A;z�QWC�O;QBK¹ILGZGJMNQWVYQWXJK;QWK½�SA'mÏzlILAîA;K;OîO;QWCP� d VP¾
x�d RHXZfHX d KÎO;QBR�DÁCjO;VYILK*faQBGZR�A;K;O O'QBC��`CHA'RjfaQ¡@BA;RHILVYVÃQBK�q º XJQBC-ikXJCjOpO;XJQY��z'm d GJMNQYO;QBC�z{QBTUILK'K/fHQBK
^!CjQBK;@WRH[]\;XZ[]\*faQBK¹A;K;O O'QBC�XZ\;K;QWK½}NQWCHV�A'fHGJXZ[]\p@BA¹^`CHA;K'O;QwGJXZQBMNQWK;O;QWK ÌÔQW[]\lILK;XZRHVÃQBK z{QBRH[]\'CHXJQWz�QWKÒq
c ILz{QBX/i�QWCHO;QWK�O;XJQ�u{IbT/f d CHQWK�z{QBGZQBA;[]\*faQ¦f»�Ui�QWGJ[]\;QgO;XZQ � XZQWmÏQ?O;QBC c XJRHT d K*faXZK"A'XZf��IUfaQBK�RjfHQBA;QWCHKÒ�bA;K;O�O;XZQ
��A;R=ikXJCjT"A'K;MNQBK z{QBR x C d []\;QWKÒ�:O;XZQYQWXJK½Ì_ILK*faQWG~¾ � GZA;VÃQeÉjQ¦i�QWXJGZR�ILA;Rb�A;z{QBK½i��A;CjO;QLq�¿ d KÎz�QWR d K;O'QBCHQWV
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Ó K*fHQBCHQWRHRjQeXJR=fÁOlILz{QBXvO;XJQSÌ_IbK/fHQBGj�A;z�QWCHM*IbK;MNRH@ d K;Qb�"O'XJQkO;QBK d z{QBCHQWKÃ} d VÇA;K*faQWCHQWKÈÌ_ILK*faQWGlfaCHQWK;K*f�A'K;O
} d K%QBK*faRj[]\;QBXZO;QBK;O'QBC`��QWO;QBA�faA;K;MPm¬�A;CkO;XZQ-Ì_ILK*faQWGJT d K/}LQBT*faX d K_XZRjfBq
c IbREÌÔQBRjRHMNQWz;XJQ¦fEikXZCHOtXZK�¿VzPÁ ÖnÚÂ¤ |[ÄP} d CHMNQWRjfaQWGJG~f»q º XJQWCgRHXJK'Ot@BA;K��Ib[]\;RjfSO;XJQ�z�QWCHQBX~faRgz{QBTUILK;K*fHQBKÔu{IbT*¾
fHQBK
A'K;OÔ¿ÁQWCHV�A'fHA;K;MNQWK �A;z{QBCEO;QBK º I»i¼IbXJX~¾ ºSd fHR x{d fkA;K;O_O;QBK
�Sz;GÑIbA'm·O;QWRS¿ÁA;GZTUILK;XJRjV�A;RkXJK%RHQWXJK;QWK
}LQBCjRH[]\;XZQBO;QWK;QBK � \lILRjQBKp@WA;RaIbVYVÃQBK;MLQWfaCHILMNQWKÒq Ó V ÍÎQBXZfHQBCjQBK
i�QWCHO;QWKpO;XJQ Ó K;RjQBGZTLQWfjfaQPikXJQÃILA;[]\ÎO;XJQ
RjXJQ�A;VÃMNQWz�QWK;O;QfÅ�z\ÆLz ÖnÖJÜ�Õ©Ç Æ ¤ |
| ¤ z{QBRj[]\;CHXZQBz{QBK�A;K;O
z{QBRjfHQB\;QWK;O;Q¡Ì d O;QBGZGZ} d CHRjfHQBGZGJA;K;MLQBK�XJ\'CHQBCeDÁK*f=¾
R=faQW\"A'K;M�QBCjGÂ�ILA'fHQBC=f»q"DFR?m d GZMLf�QBXJK'Q���QWRH[]\;CjQBXZz;A;K;M�O;QWRgÌÔQWRHR x C d ÉjQWT*faQBRkA;K'OwO;QBC�m¬�A;C�O;XJQE��A;R=i�QWCjfHA;K;M
}LQBC=m¬�A;MNzlILCjQBK c IbfaQWKÒq
Ó V ¿VzPÁ ÖnÚ4¤ |rÈwQBC=m d GJMLf�O;XJQ¡��A;R=i�QWCjfaA'K;MÎO'QBR c IbfHQBK;VYIbfaQWCHXJILGJRWq c XZQ¡z{QBTUILK;K*fHQBK c XJRHT d K*faXZK"A'XZf��IUfaQBK
i?QBCjO;QBKÈXZK¡O;QWK c IbfaQWKwXJO;QWK*faXZÆ;@BXJQWCjf?A;K;OÈILA�mÊGÑIbfHQBCHILGJQ � XJQ¦mÏQBK��ILK'O;QBCjA;K;MNQWKt\;XJKwA'K/fHQBCjRHA;[]\*f»qvDFz{QBK;R d
i?QBCjO;QBKÈ@WA;R��IbfH@BGZXJ[]\;QST d K*}NQWCjfHXJQBC=faQ � \lILRjQBKÒ��O;XJQSXJK � QWXJGJQWKwO;QWRkÌÔQBRjRHMNQWz;XJQ¦faQWRkILA'mnfaCjQWfHQBKÒ�/} d CjMNQBR=faQWGJGZf
A'K;OtXJK c IUfaQBK/z{QBXZR x XZQBGJQWKwz{QBGJQWMLf»q�DFR�i?QBCHO'QBKt¿ d CHRj[]\;GÂ�IbMNQe@BA'CgDFCHT/GÂ�ILCjA;K;M�O'XJQBRjQBCg� d K*}LQBCHRjX d K'QBKÈMNQ¦¾
VYIL[]\*fEA;K;O%O;XJRjT/A'faXZQBCjfBq
c XZQÈQBXJK'@BQBGZK;QBK���Q d z;IL[]\*faA;K;MLQBK�i?QBCHO'QBK�RH[]\'GJXJQ à GJXZ[]\î@BA;RHILVYVÃQBK'MNQWm]�A;\'Cjf»q���A'R¡XJ\'CHQBCY^`QBRHILV�fa\'QBXZf
i?QBCjO;QBKîO;XZQ¡Ð�ILMLQ¡A;K;O �Åd RjXZfaX d K½O'QBR � GJA'VYQWRH[]\;GJILA;[]\;QWR�XJV Ì_IbK/fHQBG�ILz;MNQWGJQBX~faQ¦f�A'K;O XJVå� d K*faQ¬ô"f
mÏCb�A;\;QWCHQBCEDFCHMLQBz;K;XZRHRjQ�O;XZRHT/A'fHXJQBC=f»q

¿VzPÁ ÖnÚÂ¤ |[ÉÅRjfHQBGJG~f�ILz;Rj[]\;GJXZQ à QWK;O!K d []\-QWXJK;VYILGUO;XJQ�ß�XZQBGZQ:A;K;O-DFCHMLQBz;K;XZRHRjQ�O'QBR º I»i�ILXJX ¾ � GJA;VÃQ¦¾ � C d ÉjQWT/fHQBR
K'QBz{QBK;QWXJKlILK'O;QBCWq c XJQ�Þ�[]\;GZA;RHR=m d GJMLQBCHA'K;MNQBK�ILA;R·O;QWK�} d CHGJXZQBMNQWK;O;QWK c IbfaQWK�i?QBCHO'QBK�@BA'RaILVÃVYQWK;MNQ¦mæILRHR=f
A'K;OÔXZ\;CHQ!�?QBO;QWA'faA;K'MYm¬�A;CkO;QWK º I�i�ILXZX~¾ ºEd faR x�d fgOlILCjMNQBGZQBMLfBq
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c XZQ?ÌÔQWfH\ d O'Q�O;QWC §k¤]Õ]¤¦Ön×L¤¦«ÁØ�Ù"¥�Õ¦Ú�ÖÛ¨U¥'Ü MNQB\��d CjfÅ@BA�O'QBKPÞ"faILK;OlIbCHO'}LQBCjmæIb\;CHQWK�@BA;C:|SK*faQWCHRjA;[]\/A;K;M!RHQWXJR=¾
VÃXJRj[]\;QBC c IbfHQBKÒq"|ECHR x CL�A;K;MLGJXJ[]\PikA;CjO;QBKY\;XJQWCHVÃXZf?Þ"fHCHA;T*faA'CHQBKYO;QBC?�`CHA;R=faQEA;K;OYO;QBR d z{QBCHQWKtÌ_IbK/fHQBGZR
A'K/fHQBC�DÁXZK;@BQWGJR=f]IbfHX d K;QWK¡A;K*fHQBCHRjA;[]\*f»q;ÌÔXZfjfaGJQWCji?QBXZGJQgikXJCjO¡O;XZQeÌÔQ¦fa\ d O;QSC d A'fHXJK;QWV
�I à XJM!ILA'[]\wz�QWX�Þ"f]IU¾
fHX d K'RHK;Q¦fa@BQWK¹oâ� «¬« z ­�Ü rkQBXZK;MNQBRjQWfH@WfÃoã½�AlILK ¤¦Ú z\|~}J�7��âNâNã����L�N�N�[¾ c A;QWTLQBC�A;K;O
Þ�\'QBQB\;ILKÒ�·��âLâo#[¾�á d K;QWR
A'K;O � \;XZK;K;Q¦yN����âNâo#i¾;� d RaIbCHQW} ¤¦Ú z\|~}J�Ò��âLâNâ[¾;ÐÊX ¤¦Ú z\|~}J�v�L�N�L�NI*r¦q
Ó K_XJ\;CjQBC�A'CHR x C �A;K;MLGJXJ[]\'QBK_¿ÁQWCHRHX d KÔ¾�A;K;O�K d []\
K;XZ[]\*f`A;K*faQWC�O;QWCe\;QBA�faXJMLQBK���QW@BQWXJ[]\;K/A;K;Mw¾�z�QWK/A'fa@¬¾
fHQ � \;XJK;K'QWyîo4��âNéLç*rS��V x GJX~faA;O'QBK*}NQWCH\ �ILG~faK;XZRHRjQ�} d KÎu d A;CjXJQBCjR x QBT*faCjQBKÒ��A;VøILA'RefaQBGZQBRjQBXJRjVYXZRH[]\;QWK � ¾
ÍÎQBGZGJQWKÔ�SK/fÂi d C=fHmÏA;K;T*fHX d K;QWK�O;QBC��`CHA;R=faQ�A'K/fHQBCj\lILGJzÔQBXZK;QBCSDFXJK;@WQBGJR=f]IbfHX d K%@BA_Q¦ô"faCHIL\;XJQWCHQWKÒqÒÌ d O;QWG~¾
GZXJQWCHA;K;MLQBK
XZV ß�QWXZfHz�QWCHQBXZ[]\_ikA;CjO;QBK�QBCjRjfaVYILGZRS} d K
��A;CHO'XJ[]T%A;K;O�Ð�ILK;MNR=f d K¹o4��â*ãNãNrgA;K;O�Ð�ILK;MLRjf d K
o4��â*ãNãbI*r�O;A;Cj[]\;MNQWm]�A'\;CjfB�{i�ILR�O'XJQ�Ìp�d MNGZXJ[]\;TbQBX~fSQWC��d û�K;Q¦faQL� c IbfHQBK;VYIbfHQBCHXJILGÒVÃXZfgR=y"K/fH\;QWfHXJRj[]\�QBCH@WQBA;MU¾
fHQBK_Þ�QBXZRHV d MNCHILVYVÃQBK¡@BAÔ}LQBCjMNGJQWXJ[]\;QWKÒq
Þ"QBXZfH\;QBC
ikA'CHO;Q O;XZQ¹ÌÔQWfH\ d O;Q O;QBC §k¤]Õ]¤¦Ön×L¤¦«
ØÒÙ"¥�Õ¦Ú�ÖÛ¨U¥'Ü R=f��ILK'O;XJM�i?QBX~faQBCjQBK*fÂikXJ[]TbQBG~f»q � QW[]\;K;XZTLQBK��
O'XJQtILA'R�O;QBCPILT*fHXZ}NQWK,Þ�QBXZRHVÃXJT
z�QWTUILK;K*fPRHXZK;OÒ�ÅikXZQt@Lq ��q·O;XZQ c QBT d K*} d GZA'faX d K @BA'CPDÁGZXJVÃXJQWCHA;K;M%O;QWC
º QBCjO'mÏA;K;T*faX d KÒ�S� d CHCjQBT*faA;CjQBK2@WA;V ��A;RjMNGJQWXJ[]\ A'K/fHQBCjRH[]\;XZQBO;GZXJ[]\;QWC º QWCHO;QWK/fjmÏQBCjK"A'K;MNQBKËo)ä ¨U×L¤]¨UÙ"Ú ¾
� d CjCHQWT/fHA;C]r�A;K'O�Þ"faI x QWGJA;K'M�QWXJK;@WQBGZK;QBCÃÞ x A;CHQWK÷@BA'CP¿ÁQWCHR=f �ILCjT"A'K;M½O;QWCYRj[]\*i¼IL[]\'QBK�T d K/}LQBC=faXJQWCjfHQBK
DFK;QWCHMNXZQL�:ikA'CHO;QWK,XZK OlILR�¿ÁQBC=mæIL\;CjQBKîXJK*faQWMNCHXZQBC=f�R d ikXZQ Ó K/}LQBCjRHX d K;RjfHQB[]\;K;XZTLQWK�QBK*fÂikXJ[]TbQBGZf_on¿eXJK'K;XJTv�
�»â*ãNãi¾lÐ�ILK'MNRjf d KÒ����â*ãLâi¾ � i�QWK;R ¤¦Ú z\|~}J�Ê��âo#Lç+¾ � i?QBK'R�A;K;O_ßÒILK;O�f»�Ê��âo#N�i¾v�`XJK;OÈA;K;O%¿eXZK;K;XJTv�Ê��â\#o#[¾
Þ/f]ILVÃVYGZQBC ¤¦Ú z\|~}J�l��âNâ*�i¾"^`A;CjC d GJI ¤¦Ú z\|~}J�l��âNâLç[¾/�!XZK;O ¤¦Ú z\|~}J�l��âNâ*��¾\½�AlILK ¤¦Ú z\|~}J�l��âNâ*ã�¾/� d Rjf d []T�A'K;O
Þ�IL[B[]\;X��Ê��âNâ*ã�¾l� d R=f d []T{�Ê�»âNâ*ãNr¬q
Ó K¡O;XJQWRHQBVú�!I x X~faQWGlR d GZGJQBKÃOlILR�� d K;@BQ x f¼O'QBC §E¤]Õ]¤¦Ön×L¤¦«gØ�Ù�¥�Õ¦ÚæÖÛ¨U¥'Ü oÏXJV�u d GJMLQBK;O;QWKwILA'[]\tILGJR §kØ z{Q¦¾
@WQBXZ[]\;K;QWf]rkQWCHT/GÂ�IbCjfkA;K;O%QBXZK;Q �|Sz{QBCjRHXZ[]\/fP�A;z{QBCkO;XZQ`MNCHA'K;O;GJQWMNQBK'O;QBK
Þ�[]\;CHX~fHfHQ`O;QBC c IbfHQBK/z�QBILCHz{QBX~faA;K'M
VÃXZf¼O;XJQWRHQBC � QB[]\;K'XJTtMNQWMNQBz{QBKÈi�QWCHO;QWKÒq

�
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õ%ö8÷ øúù�ûfù7üþý6ÿ��������	�<ý6ÿ
��ÿ
Þ�QBXZRHVÃXJRj[]\;Q%�SILA'V�i�QWGJGZQBK z;CjQBXZfHQBKîRHXZ[]\¹} d V � Cjf�XJ\;CjQBCPDFK*faRjfHQB\/A;K;MÎO;A;Cj[]\÷O;QWK,DFCjO;T��d C x QBCÃILA;RWq
Ì_ILK A;K*faQWCHRH[]\'QBXJO'QWfÔOlILz{QBX`@WikXZRH[]\;QWK2� d V x CHQWRHRjX d K;R4¾ d O'QBC � oæCjXJV_�ILC]rÀ¾ÀÍÎQBGJGZQBK,A;K;O Þ�[]\;QBC4¾ d O;QWC
ÞÒoæQWT/A;K;O �ILCarÂ¾ÛÍ½QWGJGJQWKÒq c QBC x \*y"RHXZTUILGJXZRH[]\;QÃ|SK*fHQBCHRj[]\;XJQWO½GZXJQBMbf`@BA;V QWXJK;QWK
XJK
O;QBC-A;K*faQWCHRj[]\;XJQWO;GJXZ[]\;QBK
�Åd GJILCHXZRaIbfHX d K¡O;QBCSÞ�[]\*ikXJK'MNA;K;M;�v@WA;VèILK;O'QBCHQWK_XZK%O'QBCk��A;Rjz;CHQWXZfHA;K;MNRjMNQBRj[]\/ikXZK;O;XZMNTLQWXZfSO;QBCgÍÎQBGJGZQLq
�SIbA;V�i?QBGJGZQBK_i?QBCjO;QBK�z{QBXJV �|Ez�QWCHM*ILK'Mw} d K
QBXZK;QBV @BA�QWXJK;QWV IbK;O;QBCjQBK
RHQWXJRjVYXZRH[]\;QWK�ÌÔQBO;XZA;V VÃXZf
A;K*faQWCHRH[]\'XJQBO'GJXJ[]\'QBCP^`QBRj[]\/ikXZK;O;XZMNTLQWXZf�@WA%ÉjQ¡QWXJK;QWV � QWXJG�CHQ¦ÄlQBT*faXZQBC=f�A;K;OÎfaCaIbK;RHVÃXZfjfaXJQWCjfBq Ó Kpz{QBXJO'QBK
ug�ILGZGJQBK-ikXJCjOEÉjQWi?QBXZGJRFILA'[]\�QBXJK��SK*faQBXZG�O'QBCFDFK;QWCHMNXZQ¼T d K*}LQBCjfHXJQWCjf»�LOÒq \�q � ¾ÀÍÎQBGZGJQBK�i�QWCHO;QWKÃXZKPÞ/¾ÛÍ½QWGJGJQWK
A;VÃMNQWi�ILK;O;QWGZf:A;K;O�A;VÃMNQWTLQB\'Cjf»q c XJQ�Þ"faCHIL\;GZMNQ d VÃQWfHCHXZQÁikXZCHO�OlILz{QBX"O;A;CH[]\�O;ILR�� «a¤]Õ©Ç"Ù"¥�{UÜ�{"¤]Ü�¤¦Ú�
g×L¨U¥
ôv¥�¤ |
| ÖnÙ/Ü ikXJQWO;QBCjMNQBMLQBz{QBKÒ� RHXZK�� ë� ë � RHXZK����� � ��� o���q~��r
c XJQWRHQBC�Í½QWCjfrÁPikXZCHOtIbGJR ôvÚ�« z Ç | Á[z « z�� ¤¦Ú4¤¦« d O;QBC Çl¨U«¬Ö�
U¨U¥lÚ z\| ¤Bô | ¨ Æ ¥�¤]Ü]Ü z{QB@WQBXJ[]\'K;QWf�oæÐ7I»yYA;K;OwÍ½ILG~¾
GÑIL[WQL�Ê��âLâ*�Nr?A;K'OÔXZRjfkXJKÈQWXJK;QWVø�W¾ c ÌÔQWO;XJA'Väm¬�A;CkQBXZK;QBKÈz{QBRjfHXJVÃV�faQWKÔÞ"faCHIL\;GÊRjfHQWfHRET d K;R=f]ILK*f»q
c XJQ §k¤]Õ]¤¦Ön×L¤¦«ÈØÒÙ"¥�Õ¦Ú�ÖÛ¨U¥ ÌÔQ¦fa\ d O;Q
zlILRjXJQWCjfÈILA�m�O;QWC � CjQBK;K/A;K'M,O;QWC � ¾Â@BA"¾=Þ�T d K*}LQBCjfHXJQWCjfaQWK�ÍÎQBG ¾
GJQWK'mÏQBGZO;QBC�oæXJV u d GZMNQBK;O'QBK�ILGZR � R=¾ � \lILRHQWK
z�QW@BQBXZ[]\;K;Q¦f¬reILA;R�O;QBV(ILA'mÏMNQW@BQWXJ[]\*faQWK;QBK½Þ�QBXZRHV d MNCHILVYV%q
� R=¾ � \lIbRHQBK,MNQBz{QBK¹QBXZKî��z;z;XZGJO RjQBXJRjVYXZRH[]\;QWCYÞ�[]\;XJ[]\*fHMNCHQWK;@BQWK÷A;K*faQWCH\lIbGJzîO;QBCYÞ"faIbfaX d KÒ�:ILKîO;QBCPRHXZQ
ILA'mÏMNQW@BQWXJ[]\;K;Q¦f¼ikA;CjO;QBKÒq;ß�A;K��IL[]\'Rjf¼TUILK'KtILA;R?O;QBC�Ð7IbA'mÏ@BQWXZfaO'XZû�QBCHQWK;@�O'QBC � R4¾ � \lILRjQe@BA;V � ¾4DFXZK;RaIbfH@
A;K*faQWC?¿ÁQBC=i�QWK;O;A;K'M�QBXZK;QBR?MNQBQWXJMNK;Q¦faQWKt^`QBRH[]\*ikXZK;O;XJMLTLQBX~faRjV d O;QBGZGJREon}��:�/}��"rFA;K;Ow�`QWK;K*faK;XZR?O;QWC ×L¤¦« �
Ú�Ö�� z\| ¤¦¥ ô | ¨ Æ ¥�¤]Ü]Ü oãÁ'r�ILA'mSO;XJQ � XZQWmÏQ�oÏOvr�QBXZK;QBC c XJRjT d K*fHXJK/A;XZf��Ibf�MNQWRH[]\;G d RHRjQBK¹i�QWCHO;QWKÝo��`XZK;O A;K;O
¿eXZK;K;XJTv�Ò�»âo#o#*r¬�  �"! �$#�%ì o'& �)( ��+* � � * & �)( ��,* � � r.-0/21 o���q �Nr
i d z�QWXÊO;QBCkQBCjRjfHQ � QBCjVïO;XZQ ×L¤¦«¦ÚæÖ�� z\| ¤�ô | ¨ Æ ¥�¤]Ü]Ü O;QWC�Þ*¾ÀÍÎQBGJGZQPo435�/r¬�;O;QWCE@¦i�QWXZfHQ � QBCjVïO;XZQ4ÉjQBK'XJMNQ`O;QWC
� ¾ÀÍÎQBGJGZQÃo434�ÒrgO;ILCHR=faQBGZGZfBq
ÌÔQB\'CjmæIL[]\¹XJK;K'QBCH\;ILGJz QWXJK;QWCÃÞ�[]\;XJ[]\*fPCjQWÄlQWT/fHXJQWCjfaQ � \lILRjQBK o¥ä Ù | ÚæÖ Á;| ¤ r�T��d K;K;QWK,QWz�QWK'mæILGZGJR�@WA;C � XJQ¬¾
mÏQBK/z{QBRjfHXJVÃV�A;K;MÎ\;QBCHILK;MNQW@ d MLQBK÷i?QBCjO;QBK�oã½�AlILKÒ�k��âNâLâ[¾�ß�\/A÷A;K;O��-IbKlILV d CHX��F�L�N�L�*r�A;K;O�z;XZQWfHQBK
R d VÃXZf?QBXZK;QSikXZ[]\*faXJMLQe� d K*faC d GJGZV
�d MLGJXJ[]\'QBXZfBq c A'CH[]\tO;XZQ�VÃQB\;C=mæIL[]\;QBK c A'CH[]\;GÀ�ILA'mÏQk}NQBC»�ILK;O;QWCjfkRjXJ[]\wO;XZQ
��z;\Ê�ILK;MNXZMNTLQWXZfkO;QWCSÐ�ILA�mÏ@BQBX~faO;X~û�QWCHQWK;@`} d K635�YA;K'O734��ikXJQ`m d GZMLf»� �98:�"! � #�%ì o'& �;( ��+* � �=< & �)( ��,* � � r.-0/21 o���q �*r
z;@Wi!q  �98>�?! � � # %ì & �)( ��+* � � -0/2@ o���q ç/r
c XJQÔ��V x GJX~faA;O;QWK÷QWXJK;QWCYÍÎQBGJGZQ_KlIb[]\�O;QBC¡ÍÎQB[]\'RHQBG~ikXJCjT"A'K;MîVYX~f¡QWXJK;QWC¡RHQWXJRjVYXZRH[]\;QWK ^!CjQBK;@¦Ä7�IL[]\;Q
T��d K;K;QWK XZV Ì d O;QWGJGSILA;RtO;QWK �EQ¦ÄlQ¦ô�X d K;R=¾Ãz'@Wi!q � CaILK'RHVÃXJRHRjX d K'RHT d QBAÃ@WXJQBK*fHQBK z�QWRjfHXJVÃV�fYi?QBCjO;QBK
o�Ð�I»y
A;K;O
ÍpIbGJGÑIb[BQL�:��âNâ*�i¾ � QWGZm d CjO ¤¦Ú z\|~}J�F��âNâN�i¾Ò��T/XÁA;K;OÎ�EXZ[]\lILCjO;RB�F��â\#N�*r¦q7Þ"XJQ�\��ILK'MNQBK x CHXZV
�ILC
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} d VäÞ/¾=^`QBRj[]\/ikXZK;O;XZMNTLQWXZfaRjT d K*fHCaILR=f»�UÉjQWO d []\ÈIbA;[]\t} d VäÞ"faCHIL\;G x ILCaIbVYQ¦faQBC?ILzÒq�h�Ib[]\ÈÐ�X·oÛ�L�L�'��rFRHXJK'O
@bq �Sq'm¬�A;C¼O;XZQe� d K*}NQWCHRjX d K;QWK%ILKtO;QBKÔÌ_IbK/fHQBGZO;XJRjT d K*faXZK/A;XZf��IbfaQWKtz�QWX�ç;����T"VËz;@Wi!q;éNéN��T/VË�SV x GJXZfHA�¾
O'QBK�} d KÃ��¾4�9D2z;@¦i!qNçb¾4éEDÝO'QBR � ¾4DFXJK'RaIbfH@BQBR:@BAPQBC=i¼ILC=faQWKÒq c A;Cj[]\�O;QBK�¿ÁQWCHMNGZQBXJ[]\�} d KPz{Q d zlIb[]\/fHQWfHQBK
VÃXZf!z{QBCjQB[]\;K'QWfaQWK ��V x GJX~faA;O'QBK�} d K � R4¾ � \lILRjQBKpT��d K'K;QBK c XZ[]\*faQ¦¾SA;K'O ^`QBRH[]\*ikXZK;O;XJMLTLQBX~faRjV d O;QBGZGJQ
�A'z�QWC x C �A'mnfki�QWCHO;QWK o c A�û�ytA'K;OÔ�SK;O;QWCHR d KÒ����âo#Nâ[¾lù�\ dNx QBGÑIbRB�Ò��âLâ'��r¦q
� ª�ªBÖ | ©LÙ"¥�{ Â�} � RHT/XJ@W@BXZQBCjf�O;ILR � CHXJK'@BX x O'QBC §k¤]Õ]¤¦Ön×L¤¦«:ØÒÙ"¥�Õ¦Ú�ÖÛ¨U¥'Ü oÏGJXJK'T"Rar�A;K;O-O;QWCHQBK-V�A;G~faX x GJQWK � \lILRjQBK
oÏCHQW[]\/fHR]r¬q Ó K
GJILA'mÏ@BQWXZfHT d CjCHXJMLXJQBC=faQWK_ß�QWXZfHRHQBT*fHX d K;QWK_T��d K;K'QBK
RjXJQ�ILK;\lILK'O_O;QWCe|SK*fHQBCHRj[]\;XJQWO;QBR`XZO;QBK*fHXZÆ'¾
@WXJQWCHQBKÈi?QBCHO'QBK oã½�AlILK½o=��âLâNâ*r¦��RHXZQB\;Q!OlIL@WA_IbA;[]\_�Sz;RH[]\;K'XZfHf���q �*r¬q
c XZRHT d K/fHXJK/A;X~f��IbfHQBK¡T��d K'K;QBK%ILGZR¼ILz;CjA x fHQBCkÞ�[]\'XJ[]\*fÂi�QW[]\;RHQWG:IbA'mnfaCjQWfaQWK d O'QBCgILGZR �|Ez�QWCHM*ILK'MNRH@ d K;QeVÃXZf
MLCaILO;A'QBGJGZQBC ��SK;O;QBCjA;K;MwO'QBC x \*y�RjXJTUILGZXJRH[]\'QBK � ILCaIbVYQ¦faQBCWq�áLQ�V_�IL[]\*faXZMNQBCkQBXZK;Q!R d GZ[]\;Q �|Sz{QBCHMNILK;MNRjRH@ d ¾
K'Q�XJR=f»�/O;QWRjf d MLQBCHXZK;MNQWCÁikXZCHOwO'XJQE��V x GJX~faA;O;Qkz{QBX{MNGJQWXJ[]\;@WQBX~faXJMLQBC·¿ÁQBCjz;CHQWXZfHQBCHA'K;M�O;QWRgÞ�XZMNKlILGZReoã½�AlILKÒ�
�»âNâNâ*r¬qku��A;CÈO;XJQÎÌ_IbK/fHQBGZO;XJRjT d K*faXZK/A;XZf��IbfaQWK�ikA;CjO;QÎQWXJK;Q½Ìp�IL[]\*fHXJMNTbQBXZf%} d KGF �îT/V ILz'MNQBRj[]\��Ibfa@¦f
o º QWGZû�CHXJ[]\ÈA;K'O_��XZKlI'�Ò�»âNâLç+¾!½?ILV¡Ib@»ILT/XÊA;K;O º XZCaIL\;ILCaI'����âNâLç[¾ º QWGZû�CHXJ[]\��v�L�N�N�Nr¦q
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¿ d C�O'QBC��SK*i�QWK;O;A;K;MPO;QWC §k¤]Õ]¤¦Ön×L¤¦«EØ�Ù"¥�Õ¦Ú�ÖÛ¨U¥ ÌÔQWfH\ d O'QeRHXZK;OwQBXZK;XJMLQEMLCHA;K;O'GJQBMLQBK;O;Q���Q»IbCHz{QBXZfHA;K;MNR4¾
RH[]\;CjXZfjfaQ�O'A;CH[]\;@WA'm¬�A;\;CjQBKÒq c XJQWRHQ!O;XJQWK;QBKÔ@BA;KÊ�IL[]\;RjfeQBXJK'QBCERHXJK'K/} d GJGZQBKÔ�EQWO;A;@WXJQBCjA;K;MYO;QBR c IbfaQWK/} d GJA"¾
VYQWK;ReA;K'O�QWXJK;QWC�QWCHRjfHQBK
MNC d z�QWK
DFGJXJVÃXJK'XJQBCjA;K;M�} d K�Þ"f��d CjQBXZK'ÄF�A;RjRHQBK�q c XJQ���Q»ILCjz�QWXZfHA;K;MwO;QWC c IbfHQBK
QBC=m d GJMLfHQ`VYX~fgO;QWV � C d MNCHILVÃV ôÒ¤¦ÖJÜ � ÖÛÕ Å�z ¥{© | ¤¦« o�Þ"f]ILVÃVÃGJQBCW���»âNâN�*r¬q
c QBC¼K/A'fH@BzlIbCHQ`DFK*fHmÏQWCHK/A;K;MNRjz�QWCHQWXJ[]\%XJRjf�z�QWRH[]\;C �ILK;T*f»�v�?QBz{QBKtVÃXZf?QBXJK'QBC¼DFK*fHmÏQWCHK/A;K;M���� �N�{��f]ILA"¾
[]\;QBK�K;XJ[]\*f7faXJQ¦m'MLQBK/A;M�XZK�O'QBK�DFCjO;V¡IbK/fHQBG/QBXZKÒ��A;V2m �A;C7|EK/fHQBCjRHA;[]\/A;K;MLQBKPO;QBC:Ì_ILK*fHQBG �A'z�QWCHM*ILK'MNRH@ d K;Q
K/A'fa@WzlILCE@BA%RHQBXZKÒqvÞ"f��d CHQWK;O%TbIbK;KÔQWz�QWK;R d OlILRk��A�mnfaCHQ¦faQWKÔR=f]ILCjTLQBC �Á� ¾ � \lILRjQBK
XZK;K;QWCH\lILGZztO;QBREK/A'fa@¬¾
zlILCjQBKÃß�QBX~fHmÏQWK;RjfHQBCHR:RHQBXZK%o�ÐÊXÛ�b�L�L�'��r¦qb��QWX)���,âN� � ikXJCjO�O;XJQ � ¾ � \lILRjQkILK�O;QWCF�`QBCHK"¾=Ì_ILK*fHQBG~¾4^!CjQBK;@WQ
O;XZû�CaIbT/fHXJQWCjfkA;K;O%OlILRSÞ�XZMNKlILG�OlILVÃXZfg@WAÔRj[]\*i¼IL[]\�q
c XJQw@WA }NQBC=i�QWK;O;QWK;O;QBK DFCjQBXJMLK;XJRjRHQwikA;CjO;QBK,ILA;R�O;QWV T d K/fHXJK/A;XZQBCHGZXJ[]\;QWK c IbfaQWK;RaIUfa@ÈILA;RjMNQBRj[]\;K;X~fj¾
faQWKwA;K;OYQBXJK'MNQBGZQBRHQWKÒq c ILz{QBXlikA;CHO'QBKwR=f��d CjQBK;O;QSXJK;R=faCjA;VYQWK*faQBK/z{QBO;XZK;MLfHQ�DFXJK�ÄF�A;RHRjQSikXZQh���SA;RHCjQBX à QBCB�N�
c CHX~mnfgA;K;O_^!GZQBXZ[]\;RjfHC d VYILK*faQWXJGFo�^!CjA;K;Q¦i¼ILGZOÒ�v�L�L�N�*r�QBGZXJVÃXJK;XZQBC=f»q
��KwO'QBK%Þ"faIbfaX d K;QBKÃikA;CHO'QBKÈ��CjQBXZfHzlILK;O'XJK;R=faCHA'VYQWK/fHQ�VÃXZf�A;K*faQWCHRj[]\;XJQWO;GJXZ[]\;QBKÈ��z�f]ILR=faCaIUfaQBK�o ô z��EÁ �
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| Ön¥�{L« z ÚÂ¤¦¥ r-} d K��L��¾=ãN� º @t@BA;C��SA'mÏ@BQWXJ[]\;K/A;K'MÎ}NQWCji?QBK;O'QWf»q�|EV � C d z'GJQBVÃQtz{QBX¼O;QWC�R x �IUfaQBCjQBK,��Q¦¾
IbCHz{QBXZfHA;K;M%ikXJQÃQWfÂi�I_z�QWX?QWXJK;QWC�Þ"A;VYVYIbfHX d K�ILA;Rj@BA;Rj[]\;GJXZQ à QWKÒ�ÅikA'CHO;QYQBXJK §k¤]Ü z��EÁ;| Ön¥�{ ILA'mk�L� º @
O'A;CH[]\;MLQWm¬�A;\;C=f»q c ILO;A;Cj[]\ÔikXZCHO%MNGJQWXJ[]\;@WQBXZfHXJM�OlIbR c IbfHQBK*} d GJA;VÃQBK%R d ikXJQ-ILA'[]\
O;QBCSß�QWXZf]IbA'mni¼IbK;OÔz{QBX
O'QBC c IbfHQBK/z{Q»ILCjz�QWXZfaA'K;MpO;QWA'faGZXJ[]\�CHQWO;A;@WXJQBC=f»q�uvCjQBõ/A;QWK;@»ILK*fHQBXJGZQ d z{QBCj\lILGJz÷hEy"õ/A;XJR=fj¾ÂuvCjQBõ/A;QWK;@,o öb� r
ikA'CHO;QWKÔ} d CH\;QWCE\'QBCaIbA;RHMNQ¦ÆlGZfHQBC=f»q
�?QBX¼O;QWKî��K;T/A;K'mnfH@BQWXZfaQWKîQBXJK'QBC�RjQBXJRjVYXZRH[]\;QWK Í½QWGJGJQÃfaCjQWfaQWKîz�QWO;XJK;Mbf�@Lq ��q:O'A;CH[]\ º Q¦faQBC d MNQWK;XZf �IbfaQWK
K;IbfaA;CjMNQBV_�I à ��z*i?QBXZ[]\"A'K;MNQBKw} d V�fH\;Q d CjQWfHXJRH[]\YKlIL[]\YO;QBV��kQWmÏQWCHQBK'@BV d O;QWGJG;QWCHCjQB[]\;K;Q¦faQWKwÍ½QWCjf?ILA'm4q
�?QBX c IbfaQWK;R x A'CHQBK��bO;XZQ?QWXJK;Q�}"XJRHA'QBGJGZQ���QBR=faXJVÃV�A;K'MSO;QWRÅfaIbfaR»�IL[]\;GJXZ[]\;QBK � ¾ÂDFXJK;RHIbfa@WQBR:QWCHGJILA;z'fHQBKÒ��ikA;C=¾
O'QBKwO;XZQS�SK;T/A;K'mnfHRH@BQWXZfHQBKÈILA'm�O'QBKwCjQ»ILGZQBKYÍÎQBC=f¼T d CHCjXJMNXZQBCjfBqNÍ d O;XJQWR�K;XZ[]\*f¼V_�d MNGJXZ[]\�i¼ILCW�"ikA'CHO;QSXJV
i?QBX~faQWCHQBK%¿ÁQBCjGÑILA'm7VÃXZfgO'QBKÈfa\;Q d CHQ¦faXJRj[]\;QBK%Í½QWCjfHQBK_MLQ»ILCjz�QWXZfaQ¦f»q
c IbCL�A;z{QBCF\;XZKlILA;R·i�ILCjQBKP}NQBCjRH[]\;XZQBO;QWK;Q Ó K'RjfaCjA;VÃQBK*faQWK/fÂy x QBKwVÃXZf:A;K*faQWCHRH[]\'XJQBO'GJXJ[]\'QBK �|Ez�QWCjfHCaILMNA'K;MNR=¾
mÏA'K;T*faX d K;QBK XZV DFXZK;RaIbfH@Lq:|SVåO;XJQY¿ÁQBCHMLGJQBXZ[]\/zlILCHTbQBX~f�O;QWCPÞ�XJMLKlILGZm d CHVÃQBK
}NQBCjRH[]\;XZQBO;QWK;QBCYÞ"faIbfaX d K;QWK
@WA
MNQWi��IL\'CHGJQWXJR=faQBK���ikA;CjO;Q�QBXZK��EQWRjfHXZfaA�faX d K;RjÆlG~faQWCeILK;MLQWi�ILK;O'fB��i�QWGJ[]\;QWC`O;XJQ Ó K;RjfHCHA;VÃQBK*faQWK;[]\lILCHILTN¾
fHQBCjXJRjfHXJTPQBK*fjmÏQBCHK*fBq º XJQWCHz{QBXvikA;CHO'Q-MLGJQBXZ[]\;@BQWXZfHXJM-O;XJQ�faIbfaR»�IL[]\;GZXJ[]\;Q`� d O;QWK/z�Q¦i�QWMNA;K;M_o�� ÖJÜ Á;|~z Õ]¤ � ¤¦¥lÚ r
QWCHVÃXZfjfaQBG~f»q c IbfHQBK%} d K
��CjQBX~fazlILK'O�¾=Þ"faIbfaX d K;QWKÒ�lm �A;CSO'XJQ�TbQBXZK;Q��kQBR=faXZfHA'faX d K;R=ÆlGZfHQBCk} d CjGÑILMNQWKÒ�likA;CHO'QBK
O'A;CH[]\ Ó K/fHQBMNCHIbfaX d K%ILA'mÅO;XJQ!� d O;QWK/z�Q¦i�QWMNA;K;Mw@WA;Cb�A'[]T"MLQWm¬�A;\;C=f�oæÐÊXÛ�v�L�L�'��r¦q
c A'CH[]\wO;QWKY¿ d CjM*ILK;M�O;QBC Ó K*faQWMNCaIbfHX d KYz;@Wi!q��kQBRjfHXZfHA'faX d K¡IbA'mÊOlILR�� ÖJÜ Á;|~z Õ]¤ � ¤¦¥lÚ i?QBCjO;QBKw} d C�IbGJGJQWV
GJILK;M x QBCjX d O;XJRj[]\;QE��K*faQWXJGJQS\;QBC=} d CjMNQB\ d z�QWKÎoæGÑIbK;M x QBCHX d O'XJRH[]\'QBR?�SILA'RH[]\;QWKvr¦�;i?QBGZ[]\;QeO;A;Cj[]\ÈXJ\;CjQ�RjfaILC=¾
TbQBK
��V x GZXZfaA'O;QBKÔOlILR�QWXJMNQWK*faGJXZ[]\;Q�hEA'fa@WRHXZMNKlILGE�A;z{QBCHO'QB[]TLQWKÒq c I¡O;QWC º ILA x faILK*faQBXZGÅfHQBGJQWRHQWXJRHVÃXJRj[]\;QBC
�EILA;V�i�QWGJGJQWK_ÉjQBO d []\÷@¦ikXJRH[]\'QBK2� º @ÈA;K;O÷�'�~� º @ÔGZXJQWMLf%o
½�A;ILKÒ�g��âNâLâ*r¦�:ikA'CHO;QWK�O;XJQ c IUfaQBK,ILK�¾
Rj[]\;GJXZQ à QWK;O%VYX~fgQBXZK;QBVè��ILK;O x IbRHRg} d K_�'� �N��REA'K;O_�L�PRkMNQ¦ÆlGZfHQBC=f»q=� ª�ªBÖ | ©LÙ"¥�{ Â�}�Â-@BQBXZMLfkO;QWK
D·û�QWT*f
O'QBCE�EQWRjfHXZfaA�faX d KÈILK;\lILK'OÔQWXJK;QWR c IUfaQBK/z{QBXZR x XZQBGJRWq

���]���]� ��<F8;9:8;14<�>
DFXZK½i�QWRHQWK/fHGJXZ[]\;QBCÃÞ�[]\'CHXZfjf�O;QWC c IbfHQBK/z�QBILCHz{QBX~faA;K'M
XJR=f�O;XZQw� d f]IbfHX d K�q c XZQY\ d CHXZ@ d K*f]IbGJQBKp� d V x{d ¾
K'QBK*faQWKÎh�A;K;O�D�i?QBCHO'QBK
OlILz{QBX7A;V O;QBK��?QWfaCHILMwO;QWR`�P�A;[]TUIL@BXZV�A'faQWRPo��L����rgXJK
QWXJK;Q�CaILO'XÑILGZQ¡oæ��r
A'K;O½QWXJK;Q�f]IbK;MNQBK*fHXÑILGZQ_o � r`� d V x{d K;QWK/fHQYC d faXZQBC=f»qÒ�SA'mE^`CHA;K;O�O;QWR�CjQBGÑIUfaXZ}_RjfHQBXJGZQBK���A'mnfaILA;[]\*ikXJK"¾
TbQBGZREikXZCHO_O'XJQ!VYQWXJR=faQ-DFK;QBCjMNXJQ-O;QBC � ¾ÀÍÎQBGZGJQ-ILA'm:O;QBC�ß{¾4� d V x�d K;QBK*faQ!CjQBMNXZRjfaCjXJQWCjf»�'O;XJQ�DFK;QBCjMNXJQ!O;QWC
� R4¾ � \lILRjQÃXZRjf`O;ILMNQBMLQBK
MNC �dLà faQWK/fHQBXZGJR`ILA�m?O'QBC-�g¾Â� d V x{d K;QWK*faQ�T d K;@WQBK*faCjXJQBC=f»q c XZQ � ¾4� d V x�d K;QBK*faQ
QWK*fa\ �ILG~f`K/A;C`K d []\�DÁK'QBCHMLXJQL��O;XJQ�K'XJ[]\*f!XJV ��@WXJV�A�f`O;QBCeÍÎQBGZGJQ�QBXJK�m �ILGJG~f»q c XJQWRHQ�TUILK;K
O;A'CH[]\���K;XZR d ¾
fHC dNx XJQL� º QWfHQBC d MNQBK'XZf��IUfaQBK d O;QBCkMNQWK;QBXZMLfaQ-Þ"[]\;XJ[]\*faMLCHQBK'@BQBK_MNQBK;QWCHXZQBCjfgi?QBCjO;QBK oÛÞ'I»}bILMNQb�Ò��âNâo#i¾vá d K;QWR
A'K;O � \;XZK;K;Q¦yN����âNâo#i¾;Ð�ILK;MNR=f d K��Ê��â*ãNãbzlr¦q
^`QBz'C��ILA;[]\'GJXJ[]\'QBC�XZRjf�\'QBA'fHQwOlILR�R=faCHIL\;GJQWK d CjXJQBK*fHXJQBC=faQ¡ÐÁ����� � ¾4Þ"y"RjfHQBV%�·OlILR�IbA;[]\ XJKpO'QBC�} d CHGZXJQBMLQBK�¾
O'QBKÔ|SK*faQWCHRHA'[]\"A'K;Mw}NQWCji?QBK;O;Q¦f�ikA;CjO;QLq º XJQBC¼ikXZCHO%XJKÈQBXZK;QBVä@Wi?QBXZfHQBK_Þ�[]\;CjXZfHfEA;VäO;QBKÔ��QWfHCaILMÃO;QWR
DFXZK'mæILGJGZRjikXZK;TLQWGJR!A;VåO;XJQ � ¾4� d V x�d K;QBK*faQÃC d faXJQWCjfB�7R d OlILRjR�O;XZQ¡Ð�¾4� d V x{d K;QBK*fHQYK/A;K XZK½��A'RHz;CjQBX~¾
fHA;K;MNRjCHXZ[]\/fHA;K;M%O;QBC � ¾ÀÍÎQBGZGJQ�GZXJQWMLf»q c ILVÃXZfeR d GJG~faQ�RjXJ[]\�XJV Ó O;Q»IbGZmæILGZG:R��IbV�faGZXJ[]\;Q � ¾ÂDÁK'QBCHMLXJQPILA'm?O;QWC
Ð�¾Â� d V x{d K;QWK/fHQ�A;K'O
O;XJQ�T d K*}LQBCjfHXJQWCjfaQPDFK;QWCHMNXZQ�Mv�ILK'@BGJXZ[]\
ILA�mÁO;QBCj�S¾Â� d V x{d K;QWK/fHQ�z{QWÆ;K;O;QBK�q c XJQ
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Þ�T/XJ@W@BQeXZK�� ª�ªBÖ | ©LÙ�¥�{ Â�}ãÃ�}LQBCaIbK;RH[]\lIbA;GJXZ[]\/f¼OlILR � CHXZK;@BX x O;QWCg� d f]IbfHX d K��*OlILR�QWK;Rjf x CHQW[]\;QBK'O;Q c IUfaQBK"¾
z�QWXJR x XJQWGÒXJR=fSXZKÕ� ª�ªBÖ | ©LÙ�¥�{ Â�}wÄYMNQW@BQWXJMLfBq
��QBKÊ�d faXZMLf`i�QWCHO;QWK ILGZR d m¬�A;C!O;XZQP� d faIbfaX d K�O;QWC��P�A;[]TUIL@WXJV�A'fYo]�±�Y��r`A'K;OÎO'QBC �Åd GJILCHXZRaIbfHX d K'RjikXJK'TLQBG
o��:r¦q���QBXZO;Q%T��d K;K;QBK�z;ILRHXZQBCHQWK;O�IbA'm`QBXZK;QBV �kQWmÏQWCHQBK'@¦¾4DFCjO;V d O;QWGJGEILA;RÃO;QBK�Þ"f]IbfHX d K'R=¾�A;K;O º QBCjO�¾
T d"d CHO'XJKlIbfHQBK
fa\;Q d CHQ¦faXZRH[]\½z{QBCjQB[]\;K'QWf�i?QBCjO;QBK�q:|EK;MNQBK;ILA;XJMLTLQBX~faQWK½XJK
O;QWC-��QBz{QBK;G d TUILGJXZRHXZQBCHA'K;MtA;K;O
XJK;Rjz�QWR d K'O;QBCjQ º QWfHQBC d MNQBK;X~f �IbfHQBKîXJV |EK/fHQBCjMNCHA;K'O¹m �A;\'CHQBKîXZK O;QBC � CaI�ô'XZREÉjQBO d []\î@BA fHQBXJG~i�QWXJRjQwz�Q¬¾
faC»�IL[]\*faGJXZ[]\;QBKÃ��z*i?QBXZ[]\"A'K;MNQBK
oÛÌÔXZRHR=i�QWXJRHA'K;MNQBKlrF} d KYO'QBCFf]IbfHR��IL[]\'GJXJ[]\'QBKÃ�EXZ[]\*faA;K;M!O;QWRÁQBXJK�mæILGJGZQBK;O;QWK
Þ"faCHIL\;GZR�oæ�`CL�A;MNQWCgA;K;OÈÍ½QWz�QWCB�Ê��âLâ*�i¾v^`CHA;K'QWi�ILGJOÒ�{�b�N�N�*r¬q
Í��IL\;CHQWK;OtmÏQB\;GZQBCj\lIbmnfaQe�P�A;[]TUIL@WXJV�A�faQ`DFK;QWCHMNXZQ`ILA'm7O;XZQ � ¾4� d V x{d K;QBK*fHQBK x C d ÉjXJ@WXJQBCjQBKÒ�"ikXJCjTLQBKÈRjXJ[]\
ILz*i�QWXJ[]\;QWK;O;Q���A'mnfaILA;[]\*ikXJK'TLQBG-ILA�m�O'XJQ��S¾4� d V x{d K;QBK*fHQBK ILA;RWqkÐÊX�oÛ�b�N�'��rY@WQBXZMLftO;Q¦f]ILXZGJXJQWCjfB�ÁikXZQ
RjfaILCHTtO;XZQ��Sz*i�QWXJ[]\/A;K;MNQWK�O;QBCkÍ XJK'TLQBG�OlIbR���XZGJOÈO;QWCS�Euîz�QWQBXJK�ÄlA;RHRjQBK�T��d K;K'QBKÒq{|SVèR d GJ[]\'Q�� d f]I�¾
faX d K;RjmÏQW\;GJQWC�@WA VYXZK;XJVÃXJQWCHQWKÒ�ÒXJR=f�QWR�RHXZK;K*} d GZGÛ��O;XZQÃfaIbfaR»�IL[]\;GJXZ[]\pz{Q d zlIb[]\/fHQWfHQBK �Åd GJILCHXZRaIbfHX d K'RjikXJK'TLQBG
o��:r�@BAt}NQWCji?QBK;O;QWKîoÛÞ�ILA;GÛ�;�L�N�N�Nr¦q c XZQBRHQ�T��d K;K;QBK%VÃXZfgQWXJK;QWC �Åd GJILCHXZRaIbfHX d K'RaILKlIbGZy"RHQ`IbA;RgO;QBVïILA'mÏMNQ¬¾
@BQWXJ[]\;K;Q¦faQWK � ¾ÂDFXJK;RHIbfa@Ez�QWRjfHXJVÃV�fÁi�QWCHO;QWKÒq º XJK*faQWCHMNCjA;K;O;CHILA;RH[]\'QBKtTUILK;KYO;XJQSDFCHMNQWz;K;XJRjRHQ�ILGJGZQBCHO'XJK;MNR
XJK;Rjz�QWR d K'O;QBCjQ�z{QBXÊRjXJMNKlIbGJRH[]\*i�IL[]\;QWK���QBz{QBKÈ}NQWCjm �ILGZRH[]\;QWK oæÐ�X��v�L�N����r¦q
c A;CH[]\Y} d Cj\;QBCjXJMNQ�u:XJG~faQBCjA;K;M-TUILK;K¡O'QBC¼�EILA;Rj[]\ x QBMNQWG�CHQWO;A;@WXJQBC=f¼A;K'OwOlILR�DÁCjMNQBz'K;XJR�}NQBCjz�QWRHRjQBCjf�i�QWC=¾
O;QBK�q{�SGJRh�eAlILGZXZf��IUfaRHT d K*faC d GJGZQSi?QBCHO'QBK
O;XZQ`��z*i?QBXJ[]\/A;K'MNQBK�O;QWCkz�Q d zlIL[]\*faQ¦faQWK �Åd GJILCHXZRaIbfHX d K'RjikXJK'TLQBG
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@WA¡O;QWKYfH\;Q d CjQWfHXJRH[]\'QBK¡�SA'mnf]IbA;[]\*ikXJK;TbQBGJK¡KlIL[]\ ë � ô)ª�«�� o��`QBK'K;QWfjf�A;K'OwDFK;MNOlIb\;GÛ�l��âLâ'��r:QBCjVYX~fHfHQBGZfBq
�|Ez�QWCHR=faQBXZMLfSO;XJQ c XZû�QBCjQBK;@!QWXJK;QWK
��Q¦faCaIbMÃ} d K
ç/� � z{QBX�O;QBK
�P�A;[]TUIL@WXJV�A�faQBK%z;@¦i!q��N� � z{QBX�O;QBKÔ��A'mÑ¾
faILA;[]\*ikXJK'TLQBGZKÒ�;R d i�QWCHO;QWKÈO;XJQEfa\;Q d CHQ¦faXJRj[]\;QBKtÍ XZK;TLQWG Ö z�QWK/A'fa@¦f»q Ó R=fgO;XZQ c XZû�QBCjQBK;@SMNC �dLà QBC�ILGJR¼ãL�E�B�
ikXZCHOÈOlILREDFCHQWXJMNK'XJRgM*ILCgK'XJ[]\*fEz�QWC �A;[]T/RHXZ[]\*faXJMbf»q
�?QBR d K;O;QBCjQ¡�?Q»IL[]\*faA'K;MÔ}LQBCHGJILK;MLf!O'XJQ x QBCjV¡ILK'QBK*faQYÞ"faIbfaX d K � � º ������XZM Ó RHGJILK;OÒq º XJQWC`\lILK;O;QWGZf!QWR
RjXJ[]\%A;VèQBXZK%� d \;CjG d []\;RHQWXJRHV d VÃQWfHQBCB�'O;QBCjQBK ºEd CHXZ@ d K*faILGJT d V x{d K;QWK*faQBKÈA;V­¬ÇãL� � MNQBMNQWKÔO'QBK
|E\;C=¾
@WQBXZMNQBCjRHXJK'K�}LQBCHO'CHQB\*f�RHXJK'OÒq c XJQ�Ib@BXJV�A'f]ILGZQPÌÔXZRHRji?QBXZRHA;K'M_ikA;CHO'QÃ} d C!O;QBCy�eAlILGZXZf��IUfaRHT d K*faC d GJGZQ�QBK*f=¾
R x CHQW[]\;QBK'O,T d CHCjXJMNXZQBCjfBq7DÁz{QBK�mæILGJGZR�V�A'RHRjfHQwO;XZQwÞ"faIbfaX d Kp�`��Ð��ïILA'mk�!ILAlIbX?T d CHCjXJMNXZQBCjf-i?QBCHO'QBKÒ�·O;I
O'XJQBRjQ�XZCHC=fN�A;VÃGJXZ[]\tKlIL[]\
Þ7�A'O;QBK_ILA;RHMLQBCHXZ[]\*faQWfSikA;CHO'QLq c XJQ!� d f]IbfHX d KtikA;CjO;Q�Rj[]\;GJXZQ à GZXJ[]\%ILA'm·O;XJQ!A;K�¾
MLQWÆlG~faQBC=faQWK c IbfHQBK%ILK;MLQWi�ILK;O'fBq

���]����® 0�5R¯�<?>�°?<?� � 8;1=<?>
|EV ILA;R�O'QBK±��¾`A;K;O � ¾4� d V x�d K'QBK*faQWK¹O'XJQt��K*fÂi d CjfjmÏA;K;T*faX d K¹O;QBRÃ|SK*fHQBCHMLCHA;K;O'QBRÃ@BA¹QBCH\;ILGZfHQBKÒ�
V��A;RjRHQBK¡D·û�QWT/fHQEikXZQ º QWCHO'mÏA;K'T/fHX d K�� � XJQWmÏQWK x \lIbRHQBK
o xl� A;K;OÃR � r·A;K;OYILK;O;QWCHQSÐ7IbA'mni�QWMNQWû�QBT*fHQL�/O;XJQ
RjXJ[]\ÎXJK
O;QBC�ù d OlI%O;ILR � ¾4Þ�XJMNK;ILGJR`@WQBXJMLQBKÒ��ILA'R�O;QWV Þ�QBXZRHV d MNCHILVYV QBGZXJVÃXJK;XZQBC=f�i?QBCHO'QBKÒq c ILO;A;Cj[]\
i?QBCjO;QBKÈO;XZQe�Eu½A;K*faQWCHRj[]\;XJQWO;GJXZ[]\;QBCgDFCjQBXJMLK;XJRjRHQ�}LQBCHMLGJQBXZ[]\/zlILC¼XZK¡��V x GZXZfaA'O;QSA'K;OwÍ½QWGJGZQBK'm d CjVÔq c XZQ¦¾
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�r�¥¤8¨ã������¨����lQB��¨����6�9�\¬N�R�P� �=´1�¥¤�ªd¤/�¦���8·.��¢ ���©�ã�����©��VWMï¢.��¨��1���Ñ�/�5I9¤9�\J<¤9�w JP������¨����³QB��¨�����ª��o��¨��©�8·9�
RHQWR¼ikXJCHOt@bq �Sq'O;A;Cj[]\ÈO;XJQS��K*i�QWK;O;A;K'MYQWXJK;QWC!o ô Á Ö��*¤ ¾ c QBT d K/} d GJA�faX d KvrÁQWCHCjQBXJ[]\*fB�'O;QWCHQBKÔß�XZQBGZmÏA'K;T*faX d K
QBXZK c QWGZf]I�¾ Ó V x A;GJR?XJR=f»q=� ª�ªBÖ | ©LÙ"¥�{ Â�}
È`@BQBXZMLfkO;QWK_D·û�QBT*feIbV c IbfHQBK/z�QWXJR x XJQWGÛq
c XJQ_DÁCj@BQWA;MNA;K;MîO;QWRwXJK*}LQBCHRjQBK�u:XJG~faQWC dNx QBCHIbf d CjRPQBCjm d GJMLfYXZfHQBCaIUfaXZ}¹O;A'CH[]\ ÌÔXZK;XJVÃXJQWCHA;K;MÎO;QBCtÞ�A;V�¾
VYQ½O;QBC�T/GJQWXJK;R=faQWKG�eAlIbO;CaIbfHQpO;QWC c XZû�QBCHQWK;@BQWK�ILA;R�O;QWV z{Q d zlIb[]\/fHQWfHQBV � ¾=Þ"XJMNKlIbG�ILA'mÃO;QWC
Ð�¾
� d V x{d K;QWK*faQ�A;K;O O;QWC%ILK;MNQWRjfaCjQBz'fHQBK c QBG~f]IU¾ÂuvA'K;T*faX d KÝo��`XZK;O ¤¦Ú z\|~}J����âNâN�i¾L½�AlIbKÒ�e��âNâLâ*r¦q c ILR
MNQWi �Ib\;GZfHQkß�QBX~fHmÏQBK'RjfaQWC:m �A;C·O'XJQ c QWT d K*} d GJA'fHX d K�V�A;RHR·GJILK;MeMLQBK/A;M`MNQ¦i �IL\;GZf:i�QWCHO;QWKÒ�NA;V�O;QBK�MNC �dNà fHQBK
��K*faQWXJG{O;QBC � ¾ÛÍ½QWGJGZQBK;QWK;QBCjMNXJQEQBXZK;RH[]\;GZXJQ à GJXZ[]\YO;QWC � XZQWmÏQBK x \lILRjQBKÈ@BAwQWCjmæILRjRHQWKÒqlDFR?ikA;CjO;QeXZKwO;QBC�} d C4¾
GJXZQBMNQWK;O;QBK%��Cjz�QWXZfgVÃXZf¼QBXJK'QBCEulQBK;R=faQBCjGÂ�ILK'MNQe} d K����N��RkMNQBILCHz{QBX~faQWfBq
c XJQ §kØ QBK*fa\;ILGZfHQBKwÉjQWfa@¦f�XZO;Q»IbGJQBC=i�QWXJRjQ�K"A'C-O'XJQPT d K*}LQBCjfHXJQWCjfaQWK½R d ikXZQYO'QBCHQWKÎV�A;GZfHX x GZQBK�Þ/¾ � \;ILRHQWKÒq
h�IL[]\÷O;QBC c QBT d K*} d GZA'faX d K÷O;QWC��S¾�A;K;O � ¾4� d V x�d K;QBK*faQWK,ikA;CjO;QPÉjQ¦i�QWXJGZRYQWXJK;QÔh d CjVYXZQBCjA;K;M�ILA'm
OlILRPÌÔIUô�XJV�A;V O;QWC�@BA;MLQB\��d CjXJMNQWK Ð�¾4� d V x�d K;QBK*faQÃ} d CjMNQBK d VYVÃQBK�q c XJQÃ��V x GZXZfaA'O;QBK*}NQWCH\��IbGZfaK'XJRHRjQ
XJK;K'QBCH\;ILGJzÈQBXZK;QBCEÞ x A;Ckz;GJQWXJz{QBKÈOlILz{QBXÊQWCH\lIbGZfaQWKÒq

���]���¨´ ���¶µ �<�3 � >e��3�°?5�6"· �<��?57>
c XJQ��SA'Ä7�d RjA;K;MÔRHQBXZRHVÃXJRj[]\;QBC-ÌÔQ¦fa\ d O;QWKÎXZRjf!AÒq I'qÒO;A'CH[]\½O'XJQ�ÍÎQBGJGZQBK;GÀ�ILK;MNQ�z�QWMNCHQWK;@WfBq c XJQWR`XJRjfe@Lq ��q
} d K,��QWO;QBA'fHA;K;M�z�QWXgO;QBC c Q¦faQWT/fHX d K } d KîQBK;MÎILA'mÏQWXJKlILK'O;QBC�m d GZMNQBK'O;QBK¹Þ�[]\'XJ[]\*faMNCjQBK;@WQBK d O;QWC�z�QWX
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åi¼¹¸�¼ÕDñC6t=ºNM�JN><F�¸Vç KRKRJL¸fFEt	K �»�

� \lIbRHQBK:�A;z�QWCHMv�IbK;MNQBKÔVYX~f¼}NQWCjfHXJTUILGJQWKÔ^!QWRH[]\*ikXJK;O'XJMNTbQBXZfHRHMNCHILO;XZQBK*faQWK oæRjXJQW\;Q�� ª¦Ü�Õ©Ç"¥lÖnÚ�Ú Ã!}�ÂUr¦q
Ó K�O'QBC`�kQWÄlQ¬ô�X d K;RjRHQWXJRHVÃXJT%GJXZQBMLfSOlILRS}NQBC=faXZTbIbGJQ��SA'Ä7�d RjA;K;MNR=}NQWCHV_�d MNQBK�z{QBX ëêU» oÛÞ�\'QBCHX~ûpA;K'O�^!QWGJO�¾
IbCjf»�E��âNâN�i¾ º QBG~û�CjXJ[]\Ò���L�N�L�*r¦q c XJQWRHQWCw�kQWÄlQ¬ô'X d K;R=mæILGJGEXJR=f¡z{QBXSO;QBK �Eu�VÃXZfYO;QBC �Fx Þ�R=¾ � \lILRHQ�CjQ»IU¾
GZXJRjXJQBC=f»�ÅO;XJQtQ¦fÂi¼I
ç;� ��VYILG¼R x �IbfHQBCÃILA'mnfHCHXZfjfPILGZR�O;XJQtO'XJCHQWT*faQ � R=¾4� d K*}LQBCjfHXJQWCjfaQbq c XJQw�SA'Ä7�d RjA;K;M�XJRjf
\'XJQBC�QBK*faR x CHQW[]\;QBK;O½A;V O;QWK�u{IbT/f d Ceç;� �¡K;XZQBO;CjXJMNQWC�A;K;O
GZXJQBMbfeR d VYX~feK �IL\'QBCHA'K;MNRji?QBXZRHQÃz�QWX » �;q c XJQ
Þ*¾ÀÍÎQBGJGZQBK;MLQBRH[]\*ikXZK;O;XJMLTLQBX~fEz�Q¦faC �IbMLfkKlIL[]\ ë � ô)ª�«�� XJK%ç;����T/V � XZQWmÏQ`}�� � ��� �*ãr¼4½! o��`QBK'K;QWfjfSA'K;ODFK;MLOlIL\;G��¼��âNâ'��r¦q·�?QBXgQBXZK;QBC � QBCHX d O'Qw} d K #�RÃQWCHMNXZz'f�RjXJ[]\¹\;XJQWC�@Lq ��qFQBXZKî}LQBC=faXJTUILGZQBR��SA'Ä7�d RjA;K;MNR4¾
}LQBCjV
�d MLQBKÈ} d K%[»I'qlçN�PT/V%q
c IbRÃ\ d CHXZ@ d K*f]IbGJQw�SA'Ä7�d RjA;K;MNR=}NQBCjV
�d MNQBK÷ikXZCHO d mnfÃVÃXZf�O;QWC ¤¦«]Ü¦ÚÂ¤¦¥,Ø�«a¤]Ü¦¥�¤ | 
U¨U¥�¤ z ¥�{"¤â{"¤Bª¦¤¦¥ q c XJQBR
XZRjfPO;QWCP��QBCjQBXZ[]\Ò�ÁILA;RPO;QWV Í½QWGJGZQBK;QWK;QBCjMNXJQtVÃXZf�QBXJK'QBC � \lILRjQBK;O;X~û�QWCHQWK;@%} d K¹V¡IUô�XZV¡ILG�QBXZK;QBC�\;ILG~¾
z{QBKtÍÎQBGZGJQBK'GÂ�ILK;MLQ�O;QWKÔDFV x mj�ILK;MLQBC¼QWCHCHQWXJ[]\*fkA;K;OtR d VÃXZf¼QWXJK;QWKÈT d K;R=faCjA;T*faXZ}LQBKÔ��QBX~faCHILM�@BA'V Þ�XJMLKlILG
GZXJQ¦mÏQBCjfB� ¾

ë �À¿ o¨- < »
� r
� * - � oÛ�"qs�Nr

i d z{QBX`� ë O;QWK��EILO;XZA;RB��O�O;XZQ � XJQ¦mÏQ
A;K;O » O;XJQ_ÍÎQBGZGJQWK;GÂ�ILK'MNQÔO;ILCHR=faQBGZGZf�oÛÞ�\;QWCHX~û A;K'O ^`QBGZOlILC=f»�
�»âNâ*�i¾7��A;O�i�QWM;�·�b�N�*�Nr¬q c XZQÃu d CHVÃQBGFMNXZGZf!RjfHCHQWK;MNMNQWK d VÃVYQWKpK/A;C�m]�A;C-O;QWKpRHQWK;T/CHQB[]\*fPQWXJK'mæILGZGJQWK;O;QBK
ß�QWK*faCaIbGJRjfHCaIL\'GÛ�vm �A;CeRH[]\'C �ILMNQWK�DÁXZK'mæILGZG �IbK;O;QBC=f`RHXZ[]\
O;XJQ�^!Q d VYQ¦faCjXJQLq�^`CHA;K;O'R �IbfH@BGJXZ[]\
XJR=f`O;QWC`�SIbO;XJA;R
R=f]ILCjTÈILz;\ �IbK;MNXJMP} d K_O;QWC � XJQ¦mÏQLq{u �A;CkOlIbR d z{QBKÔMNQBK;ILK;K*faQWK���QBXZR x XZQBG�XJK%ç;���PT/V � XJQ¦mÏQ�z{QWfHC �ILMLf�� ë
A'K;MNQWmj�Ib\;C!���N��T/Väm¬�A;CgQBXZKÔQWXJK;@WQBGZK;QBRh�eA;QBGZG~¾ÂDÁV x mj�ILK'MNQBC4¾ � ILILCBq
c IEO;QBCg�ILA à QWCHQg��QWCHQWXJ[]\�O;QWCÁß d K;Q?K/A;C·VÃXJK;XZV¡ILGZQBK`�SK/fHQBXZG�@WA;V�^`QBRHILV�fHRHXJMLKlILG/GJQWXJRjfHQWfB�UikXZCHO d mnfHV¡IbGJRëê » ILGZRE^!CjA;K;O;GJILMNQe@WA;CE��QBCjQB[]\;K/A;K;MwILK;MNQWK d VÃVYQWK�oæ@Lq ��qvDÁIbf d K ¤¦Ú z\|~}7o=��âLâ'��rHr¬�'i�ILRkO;QBKÔ�SIbO;XJA;R
XZKtO;XJQWRHQWVïuvILGJG�ILA'm7[BI'q;â*��T/VËCHQBO'A;@BXZQBCjfBq c A;Cj[]\tO;XJQ�} d KÈO;QBCEßÒIb\;G�O;QWCEÞ"f]IUfaX d K;QBKtA;K'OÔDFCjO;z�QWz�QWK
QWCHCjQBXJ[]\*fHQBK �|Ez�QWCHO;QW[]T/A;K;MwXZRjfkOlILRgfaIbfaR»�IL[]\;GJXZ[]\;Q`��A�Ä7�d RHA'K;MNRj}LQBCjV
�d MLQBKÃÉjQWO d []\%K d []\Ô\Ê�d \;QBCWq

õ%öWÁ ÂÃx{p
ÄEÅ¡���Bu_Æ ý����_��ÆUu_pr�
c XZQ � XJQ¦mÏQtQBXZK;QBC�RjQBXZRHVÃXJRH[]\'QBK c XJRHT d K*faXZK"A'XZf��IUf�GÂ�IbRHRjfPRjXJ[]\¹ILA;R�O'QBK §k¤]Õ]¤¦Ön×L¤¦«YØÒÙ"¥�Õ¦ÚæÖÛ¨U¥'Ü Ibz;GJQWXZfaQWKÒ�
i?QBK'K�V¡IbK¹O'XJQt��K'T"A'K'mnfaRj@BQBX~f¡O'QBCÃT d K*}NQWCjfHXJQBC=faQWK � \lILRHQWK÷CjQBGÑIUfaXZ}½@BA;V O;XJCjQBT*faQWK � ¾4DFXJK'RaIbfH@%z{Q¦¾
R=faXZVYV�fBqFh�Ib[]\�^`GJQBXZ[]\/A;K;M÷oÛ��q ç/r�XJR=fYO'XJQ%Ð�ILA'mÏ@BQWXZfHO;XZû�QBCjQBK;@%ILz;\ �ILK;MNXZM
} d V ôvÚæ« z Ç | Á[z « z�� ¤¦ÚÂ¤¦« o
Á'r
A'K;O¡R d VYX~fF} d K¡O;QBC?D x XJ@WQBK*faCHILGJQWK/fjmÏQBCjK"A'K;M�QBXZK;QBR?��QWz�QWK;RBq c XJQWRHQBCqä ¨U×L¤]¨UÙ�Ú ¾4D·û�QBT*f¼K'XJVÃV�fFVÃXZfÁO;QWC
� XZQWmÏQb�:XJKÎi�QWGJ[]\;QWC�O;XJQ¡� d K/}LQBCjRHX d K¹QWCjm d GZMLf»��@WAÒqÅÍ��IL\'CHQBK'O¹O'XJQtß�QWXZfHA;K*faQBCjRH[]\;XZQBO;Qtz{QBX?O;QBC�Ì d \ d ¾
� d K*}LQBCHRjX d K_K d []\%}NQWCHKlIL[]\'GÂ�ILRjRHXJMLzlILCEMNQBCjXJK;MÃRHXZK;OÒ�v@BQWXJMNQWKÔO;XZQ�� d K*}LQBCjfHXJQWCjfaQWK_} d K_O;QWK�Ì_ILK*fHQBGJO'XJR=¾
T d K*faXZK"A'XZf��IUfaQBK%z{QBCHQWXZfHRgMNC dNà Q`��z*i�QWXJ[]\/A;K;MLQBKÒq
� ª�ªBÖ | ©LÙ"¥�{ Â�}�É`@WQBXZMLfEQBXJK'Q�Þ"QBT*faX d KÔ} d K�Þ x A;CHQWKÒ��O'XJQÈ�A;z{QBCEQBXJK'QBK
DFK*fHmÏQWCHK/A;K;MLRHz{QBCHQWXJ[]\
} d KPÉjQ¦i�QWXJGJR
� � ILA'mÏRjA;VÃVYXZQBCjf:ikA;CHO;QWKÒq c XJQBRjQSÞ�A;VÃVYQWK;R x A'CHQBK¡RHXJK'O¡ILA�mÒO;QWK � ¾4DFXJK'RaIbfH@�ILA'RHMNQWCHXJ[]\*fHQWf?A;K;O¡K;IL[]\
XZ\;CHQWCgD x XJ@WQBK*faCHILGJQWK*fHmÏQBCjK/A;K;MÃR d C=faXJQWCjfBq c XJQ�T d K*}NQWCjfHXJQBC=faQWK � \lILRjQBK%z;XJGZO;QBKtRjXJ[]\ÈK;XJ[]\*f x IbCaILGZGJQBG{@BA �
IbzÒ��R d K;O;QWCHK�@WQBXJMLQBK
VÃXZfS@BA;K'QB\;VÃQBK;O'QBC`DFK*fHmÏQWCHK/A;K;MÈT/GJQWXJK;QWCEi?QBCjO;QBK;O'QYÐ�ILA�mÏ@BQBX~faO;X~û�QWCHQWK;@BQWK
CHQWGÑIU¾
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faX~}¡@WA � q'�SK;O;QWCHR¼}NQWCH\lIbGZfaQWKtRHXZ[]\ÔDFK*faR x CHQW[]\;QBK'O_O;QWK%^!GZQBXJ[]\/A;K'MNQBK�o���qs�Lr�A;K;OÎo���q éNr�O;XZQ�V�A;G~faX x GJQWK
� \lILRHQWKÒq º XZQBC·i�IL[]\;RHQWK¡O;XZQkÐ�ILA'mÏ@BQWXZfHA;K*faQBCjRH[]\;XZQBO;QEVÃXZf·@WA;K;QW\;VYQWK;O;QWC º QBCHO'QBK*fHmÏQWCHK/A;K;M�ILKÒ�*R d OlIbRHR
ÌÔA;G~faX x GJQ�XJK�QWXJK;QWC·Þ"QBXJRjV d MNCaILVÃVÃRHQBT*fHX d K-O;A;Cj[]\�XJ\;CjQ�hEQBXJMLA;K;MS} d K � R=¾ � \;ILRHQWK�A;K*faQBCjRH[]\;XZQBO;QWK�i�QWC=¾
O;QBKÔT��d K;K;QWKÒq
|SV O'XJQw�SK;T/A;K'mnfaRj@BQWXZfaQWK,}LQBCHRj[]\;XJQWO;QBK'QBCw�EuÝO;XJCjQBT*fPVÃXZfaQWXJKlIbK;O;QBC-}NQWCHMNGZQBXJ[]\'QBK¹z;@Wi!qFO;XZQ%Þ�XJMLKlILGJQ
T d \ �ILCHQWK/f!RjA;VÃVYXZQBCHQWK
@BA
T �d K;K'QBKÒ�ÒV�A;RHReQWXJK;Q�Ð7IbA'mÏ@BQWXZfj¾¼z;@Wi!q	ä ¨U×L¤]¨UÙ"Ú ¾Â� d CHCjQBT*faA;C�O;A;CH[]\'MNQWm �A;\'Cjf
i�QWCHO;QWKÒq·�SGJR��kQWmÏQWCHQWK;@¦¾ ô | ¨ Æ ¥�¤]Ü]Ü ikXJCHOÎOlILz{QBX�é'� ç_RWÇ � MNQ¦i��IL\;G~f»�Êi¼IbR�KlIL[]\ O;QWV ë � ô)ª�«�� ¾4Ì d O'QBGJG
QBXZK;QBCeVÃXZfjfaGZQBCHQWK
DFK*fHmÏQWCHK/A;K;Mt} d K�[»I'q�é*ã � QWK/fHR x CjXJ[]\*f»q §kØ VÃXZfSQBXZK;QBCST/GJQBXZK;QBCjQBK ô | ¨ Æ ¥�¤]Ü]Ü i?QBCjO;QBK
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Í�Î>ÎWÏÑÐ¹ÒËÓEÔ?ÕjÖ?×¨ØBÙ"ÚhÛËÜ�Ú¶ÛXÝ¨ÞWÔ2Î'ÞWÏ�Ü¨ß�ÏgÞWÐ"ÛËÓ�Ü�Í�ÎBÎ:×àÖ?×�È�Ô�Ûâá5ãäÒ?Þ5å�æ"ÛXÓ4çbf>ÞWÏ�Ý�èXéËå4å�Þ5èkÝ�ÓEå5×"Ê.Ô�Û4êYë Ó�å�ÒâÞÛËÓ5ç�ÒâÞ5Ô{ì	Ü.íSî	Ï�Ô9Ü5Û^Ý�fLèËéXå.å4ÏïÕ^ÏgÞWå4Ý�ð£ÜWé¦Ò^ÛkÜ.Ü�ÒXÏgÞhÛËÔmÒâÞWÔäñòÛËÔ\Ý¨Þ5Ð¹ÒËÏÑÜ'èXéËÔ\Ý�Ï�Ô0ÓEÏ�ÝXiÛXÝ¨ÞWÔ�èXéËÔ0óXÞ5å5Ý�ÏgÞWå4Ý¨ÞWÔìNã�ÛËÜWÞ5ÔôßEÛXå]ÛËÐ�Ð�Þ5Ð	fWÓEõöì	íSî	Ï�Ô9Ü5Û^Ý�f�ÛâÎ¨Õ?ÞBÎ5Ï�ÐïÒâÞ:Ý�ë=ÞWå]ÒâÞWÔ�×�ÚYÞ5åäõYÏ�ÝLf5ÓEÔ2Þ5ãâõ¦Þ5Ô�Ò?Þ5å{÷¶Þ5å�ÒâÞ5Ô�Ý çWÞWå.íÔ0ÓEÔ?ÕyÜSß iÛXÝ¨Þ5åYÛËÓ5ç4Ý�åbÞWÝ¨ÞWÔ�ÒâÞ�î	Ï�Ô9ÜWÛXÝ�f¶ÓEõÀø?ù¦Ü¡ÒâÞWÓEÝ¨Þ:ÝNÛXÓ4çYÞ5Ï�Ô2Þ¡õ¶ÓEÐïÝ�Ïúß2Ð¹Þ�ì	ã�ÛkÜ:Þ¡ãâÏÑÔ2×Ê.ÔûÎ�ê³ë ÓEå]Ò?ÞlÒ^ÛkãEÞWå{ÛËÓ5çyÒXÏgÞYì©ß0ìNÜ.íSìNãEÛkÜWÞ¦èXéËå.å4Ï¹ÕXÏSÞ5å5ÝS×RÚ¡ÏgÞYf5ÓEõüì	íSî	Ï�Ô9Ü5ÛXÝ�f�ß9ÛËå]ÛXÐÑÐ�Þ5Ð�Þ¦ì	ã�ÛkÜWÞÎ'ÞWÏ�ø?ù¶Ü�èËÛËÔ\ÔlÜ5éjÛXÐýÜ�ñ�ÓEÐ�Ý�Ïýß�Ð�Þ�óXÞ5å4Ï þ�fWÏgÞWå4Ý£ë=ÞWå]Ò?Þ5Ô�×)Ú¡ÏgÞ�æàÛËÓ5ç�fBÞ5Ï�ÝSÒËÏ ÿLÞ5åbÞ5Ô�fBÞ5ÔmÒ?Þ5å�ñ ÛËÔ\Ý¨ÞWÐýèXéËÔ0íóËÞWå4Ý�ÏSÞ5å5Ý¨Þ5ÔäãâÏ�Ô?Õ�ÞSÕ?ÞWÔ{Ü.Ï�Ô�Ò¶ë ÏgÞ'ÒâÞ5å�ÒâÞ5Ó9Ý�Ð�Ï�áWãjÓEÔ\Ý¨Þ5å.Ü5áWãâÏgÞ'ÒEÐ�Ï�áWã�×�Ê.Ô�Î'ÞWÏ�Ò?Þ5Ô � iÛËÐ�Ð¹ÞWÔlë Ó�å�ÒâÞ�È9Ø��YÛËÐýÜ
� Þ�ç:Þ5åbÞ5ÔEf>Þ5Ô�Ý çWÞWå.Ô0ÓEÔ?Õ¦Õ?Þ5ë iÛËãâÐ�ÝS×

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



��� �
	���
 F��vD������ 
 �����.F������
���
��� �"!�#�!%$'&(!��*),+.-/#�01$324-65

7�8:9<;>=@?BA4CD8:E'FHGI?BJLKNM:OPAQAN?IMRKNE@A�S@JUTL=@?BVXWNJL9<;>='JU?YM:OPV[Z:?BAQKNJU?IAQK\?IV^]_;`8:WQ?BV^GI?BJaK\bPTL?BJU9<;X8:Sdcfe
g�gBhjiak:lnmno�pnqsr
tvuBwvxPy{z8:;'AN?BV'=}|�E@TaK\JL~@TU?�cHV`8:9<;>AN?B9<;[KNW w bP?BV@?IJUb:K�?IANWQ9<;@?BJLV@?BV����
OPANAQJUbPJL?BA�K_��83VX='JU?"��?IMRKNJUOPVX;@JLV@bP?Bb:?BV
8:E'F�=@JL?�?BAQWQK\?Y�/E'TLK\JL~@TU?�]_;`8:WQ?{c�]_~`]_W x WQJU?B;'?Ye
g�gBhjiak:l�mno,pnqsr�g uBwvx WNO�JUW�K_VRE@V�=@JU?IWN?�]_;`83WN?Y~`8:AN8:TUTL?BTRGBE
] x[y{z8:;@AQ?BV@=>=@JU?"]_W���]_;`8:WN?IV�c�V@8:9<;�TLJUV@MRW w b:?BV@?IJUb:K48:S@b:?BS@JLTU=@?vK y ?IAN=@?IV��'�_V[K\WQ~@AN?I9<;@?BV'= z83V@=@?BAQV�WQJU9<;
8:E@9<;�=@JU?����X~@TUJaK\E@=@?IV^JUV�=@?BV��Q? y ?BJLTUJLbP?BV���E'�>�X?BV@WQ~@E@AQ?BV����nOP�>JaK�S@JL?IKN?IK�=@JL?{�����:�<��l������
OPAQAN?BM[KNE@A
8:E@9<;�?BJUV'?,| zOPbPTLJU9<;@M3?BJLKY��E@TLKNJU~@TL?�]_;`8:WQ?BVdGIE�JL=@?BV[KNJL�`GIJU?BAQ?BV��

�} �¡ ¢¤£¦¥ ¥ §,¨_©BªX«¦¬�¨®­
¯±°¦«¦©³²´­
« £¦«¦µ ¶·ª}ª´¨_¬�¨%¸�§�¹�º(» ­6¨_°¼ª¤µ¼­

½�?BAX��V[K\?IJUTY=@?IA>M3OPV[ZP?BA�K\JL?BAQKN?BV��_V@?IANbPJL?�JLV¾='?BA>]%��¿±O�=@8ÀJUW�KXbP?BAQJUV@b@��½
83WXb:JUTLK�JLV@WNS�?BWQOPV@=@?IAN?�F zE@A
WN9<; y 8:9<;@?,Á
?BWN9<; y JLV@=@JUb:M:?BJaK\WQM:OPV[K\AN8:WQKN?�On=@?BA�bPA\83=@E@?BTLTU? zÂ"S1?IANb[8:V'bPWNGIOPV@?BV xny JL?6?vK y 8�S�?BJ�=@?IV}|d83V��
K\?ITU=@JLWNM:O:VRKNJUVRE@JaK z83KN?BV�cHWNJL?B;@?}83E@9<;Ã��S'WN9<;@V@JaKNKXÄn� � w �®�_JLV y ?BWN?IV[K\TUJL9<;@?BW�]_AQOPS@TU?I�ÅS1?IJ±=@?IA/Â6V[KN?BANWQE��
9<;RE@V@b�Z:OPV/M:O:VRZ:?BA�K\JU?IAQKN?BV´]_;`8:WQ?BV/JLWQK�=@?BWQ;`8:TLS{=`83W%Æ6JLV[K\?BAQbPANE'V@=@A\83E@WN9<;@?IV xÇy ?ITU9<;@?IW%=`8:W�76E'KNGBWQJUbPV`83T
zE@S�?BAN='?B9<M:?IV¦M�8:V@V���Â"�È=`8:W6��JLbPV`8:TÉ��Ê"8:E@WN9<;n�sË�?BAQ; z8:TaK\V@JLW
c�Ìvhao:m t i�Í�����Í�m(��hUÌ���Î t ��hf� x JU�ÐÏ�O:TUbP?IV@=@?BV�8:TLW
�'7�Ê·S1?IGB?BJL9<;@V@?vK w GBE@bPE'V@WQKN?BVÑ=@?BWX76E�K\GBWQJUbPV@8:TUW´GIEÑ?IAN; zO:;@?BV x S�?BW�K\?I;RK>=@JL?¤| zOPbPTLJU9<;@M3?BJaK x �n?BJUWQ�>O��
bPA\83�>�X?´8:E'FHGIE@WNE'�>�XJU?IAN?BV¾c��nK<8:~�?BTLE@V@b w �(Ë�OPAN8:E@WNWQ?IKNGBE@V@b�=`83F zE@A
JLWQK�=@JL?�½�E@AN9<;�F zE@;@ANE'V@b�='?BA�OPS�?BV
S1?IWN9<;@AQJU?IS1?IV@?BV�CÒ83E'FHGB?IJLK\M3OPANAQ?BM[K\E'A x =`8Y=@JU?%��O:VRZ:?BA�K\JU?IAQKN?BV y ?IbP?BV{=@?BW%�����:�<��l��PWQOPV@W�KÒZ:?BAQWN9<;@�XJU?IAN?BV
y zE@AN='?BV��`Ó4?BJ�=@?BA±Â6V[K\?IANWNE'9<;nE'V@b>O:S1?IAQÔ z8:9<;'?BV@V`83;@?BAY�RK\ANE'MRKNE@AN?IV}M�8:V@V}8:E�FD=@JU?6�
OPANAQ?BM[K\E@A�ZP?IANGBJL9<;��
K\?vK y ?BAQ=@?BV(�
Ó±?BJ`='?BA��nK\8:~1?ITUE@V'b y JLAN= zE@S�?BA_ZnJU?ITU?Y�n~@E@AN?IV>b:?B�XJLKNKN?BTaK³�3½
8�=@E@AN9<;>=@JU?�Ê"?IWQK\JaK\E'KNJUOPV´='JU?�Õ�V@W�K\ANE'�>?IV��
K\?IV@9<;`8:AN8:M[K\?BAQJUW�K\JUM3?BV¤8:E'W±=@?I�Ð�nJUbPV`83T`?BV[KNFH?IANV[K y OPAN='?BV}WNJLV@= x M zOPV@V@?IV}8:E@9<;}��~@E@AQ?BV^E@V[KN?BANWQ9<;@JU?I=@TUJÉ�
9<;@?BA4�nK\83K\JLOPV@?IV´WNE@�X�>JL?BA�K y ?BAN='?BV��R½�JL?��_V@?BAQbPJU?�=@?IW_M:OP; z8:AN?IVRKN?BV���JUb:V`8:TUW�WQKN?BJUb3K�S1?IJ'GBE'V@?B;@�X?BV'=@?BA
Ö�8:;@T®7×ZPO:VØ�n~@E@AN?IV¦�>JaK�7"Ù x1y{z8:;'AN?BV'=¦=@JU?´�_V@?IANbPJL?�=@?IW
JUV@M3OP; z8:AQ?BV[K\?IV�Ê68:E'WN9<;@?IV@W
VRE@A
�>JaK
Ú Û
y{z8:9<;@W�K/E@V@=�WNO:�>JaK
JU�X�>?IA��X?B;@A
JLV�='?BVÃÆ"JUV[K\?IANbPAQE@V@=�K\AQJLKNK�cf|�OPAQOPGBO�Z�E@V'=Ø½�E@?IM:?IA x Ä:ÜPÜPÝ w �.½�JL?
��E@�X�>?IV@WN~'E@A6b:JUS'K"=`8:S�?BJ.?IJUV zE@S�?BA"=@JU?�=@E@AQ9<;@WQKNA\8:;'TLK\?�Ö(OPV@?,bP?I�>JaKNK\?ITLKN?BW���S'S@JUTL=�='?BW�Â"V[K\?BAQbPANE'V��
=@?BW y JU?I=@?BAI�

Â6V[K\?IANWQ9<;@JU?I=@TUJL9<;@?^��V'MnE'V'FjK\WQGB?BJaK\?IVÑ='?BA/]_W���]_;`8:WQ?BV x ='JU?X?IK y 8¼=@E@AN9<;�TU83K\?IA\8:TL?>Þ�JL?IFH?IV z8:V@=@?IANE@V'bP?BV
?BJLV@?BAX½�JUWQM:OPV[KNJUVRE@JLK z83K´On=@?BA�=@E'AN9<;ß�6V@JUWQO:K\AQOP~@JL?^;@?BA�ZPOPAQbP?BAQE'FH?BV y ?IAN=@?IVßM zOPV@V@?IV x_y ?IAN=@?IV�JUVà=@?IA
��E@�X�>?IV@WN~'E@A�ZP?IANWN9<;'�>JL?BAQKB���nKNANE@M[K\E'AN?BV¤�XJLK±VnE'A�bP?BAQJUV@bP?IA±�6E@WN=@?I;@VRE@V@bXM zOPV@V@?IV�=`83S1?IJ(b[8:V'G�ZP?IA��
TUOPAQ?BV�bP?I;@?BV(���_JUV�MRANJaK\JUWQ9<;@?BA¤]_E@V'MRK¤JLWQK}=@8:;@?BA}='JU?¦½�?v�`V@JLKNJUOPVß?BJUV'?BW}bP?I?BJUb:V@?IKN?BVá��E@�X�>83K\JLOPV@W��
FH?BV@W�K\?IANW x`y ?BTL9<;@?BW"?BJLV@?BAQWN?BJaK\W�?IJUV@?
=@E'AN9<;@WQ9<;@V@JLKQK\TLJU9<;@?{|�JLV@=@?BW�K\GB8:;@T�ZPO:V¼��~'E@AN?IV�GIE@W\8:�X�X?BV'F�8:WQWN?IV x
8:V@=@?IAN?IANWN?IJLKNW�8:S�?BA�V'JU9<;[K"GBE�bPANOPS zE@S�?BAY=`8:W"|�?BWNWQbP?BS'JU?IK6�XJLKNKN?BTLV}WNOPTLTf�
zÂ6S@TLJU9<;@?IA y ?BJLWN? y ?BAQ=@?BVâ��~@E@AQ?BVãV`839<;ä��GIJU�/E�K\S�?BAN?IJU9<;@?IVäOn=@?BA�8:V';`8:V@=å=@?BA��
O�OPAQ=@JUV@83K\?IVáJL;@AN?IA
½�E@AN9<;'WQK\O:æP~@E@V@M[KN?±F zE@ADS1?IWQKNJU�X��K\?�Þ�JU?vFH?BV,GBE@WN8:�X�>?IV@bP?IF�83WNWQKB��½�JU?4Á�A zOPæP?�=@?IW%��E'�>�>83K\JLOPV@W�FH?BV@W�K\?BAQW
S1?IWQKNJU�X��K�=`8:S�?BJ_=`83W,TU83K\?IA\8:TL?/��E�Ô zOPWNE'V@bPWQZ:?BAQ� zOPb:?BV���|�JaK zE@S1?IANTU8:~@~�?BV@=@?IV���E'�>�>83K\JLOPV@W�FH?BV@W�K\?BAQV

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



���ÉçR� 
�è>é ����ê 
 � èëé � è �"!�#�!%$'&(!��*),+.-/#�01$324-65 ��ì

csÌvi�h�k:hjmno�í_hjm�kn��í®Ì w M�8:V@V{��83V�=`8:S�?BJn?BJLV@?±Á�T z83KNKNE@V@b"=@?BA®½
8:ANW�K\?BTLTUE@V'b6?IANAN?IJU9<;@?IV x =@8_�Q? y ?BJLTUW�?BJUV{Þ�?IJUT
='?BA_bP?IWQK<83~1?ITLK\?IV>��~@E@AQ?BVX8:E@9<;�JUV´='JU?Y�nK\8:~�?BTUE'V@b
=@?BW_S�?BV@8:9<;RS`8:AQKN?BV���E@�X��8�K\JUO:V@WQFH?IV@WQKN?BANW®?BJUV'bP?B;[K³�

½�JL?/î������HÌv��Î tvï Íf�À�v�jð`�Bkn�
c��%FHANOPV�E@V@=�Þ�JUS@WQ;@JUAN8:V@J x ��ñPòP� w W�K\?ITUTLK"?IJUV�WQK<8�K\JUW�K\JLWN9<;@?IW�|�JaKNKN?BT.GBE'A��
OPV��
KNANOPTLTU?6=@?BAY�RK<8:S@JLTUJaK z83K4S1?IOPS`8:9<;[KN?IK\?IA"]�;@8:WN?IV�JLV¤��E@�X�>?IV@WN~'E@AN?IV�=@8:AB�@�6E@W�=@?I�ëÁ
?BW\83��K\=`8�K\?BV'W\83KNG
y ?BAQ=@?BV�=@8:S1?IJ y JUTUTLM zE@ANTLJU9<;@?}ÞÒ?BJLTU�X?BV@bP?IV¾b:TU?BJL9<;@?BA>Á
A zOPæ:?�?ôónK\A\83;@JU?IAQK>E@V@=��Q? y ?IJUTLW�8:E�FHWNE@�X�>JL?BA�K³�
½�JL?¼=`8:S�?BJ�?BANGI?BE@b3K\?BVã��E@�X�>?IV@WN~'E@AN?IV y ?BAQ=@?BVä8:V@WQ9<;@TUJL?BæP?IV@=�ZP?BAQbPTUJL9<;@?BV(�YÆ�8:V@='?BTLK^?BW¤WNJL9<;áS�?BJ
?IJUV@?IA�Ó4?BOPS`839<;RKNE@V@b�E@�õ=`8:W���JUb:V`8:T_?BJLV@?BA�?ôó'JLWQKNJU?BAQ?BV@='?BVà��9<;'JU9<;[K\bPAQ?BV@GI? x �/E@WNW,=@JL?>]_;`83WN?�JLV�8:Ta�
TL?BV��nE@�>�X?BV'WN~@E@AQ?BV�8:E'FjKNAN?vK\?BV(�(Õ�WQK�=`8:W�V@JL9<;[K
=@?BA�Ï�83TUT x T z8:WNW�K�=@JL?BW
83E'F�GBE'F z83TUTUJLbP?,�_V@?BAQbPJU?I��8�ó�JL��8
='E@AN9<;�Æ"JUV[K\?IANbPAQE@V@=@AN8:E@WN9<;'?BV x �RK zOPAQWNJUb:V`8:TU? x Ê"?vZP?IANS�?BA\8�K\JUO:V@?BV¼On=@?IA�WQK\8:ANM3?/MRTU?IJUV@A z8:E@�XJUbP?�Æ"?IK\?IANO3�
b:?BV@JaK z83KN?BV¤WN9<;@TLJU?IæP?BV��
��8:V'V¼=@E@AQ9<;¦=`8:W{î������jÌv��Î tvï[ï hjmno,?BJUV'?/½�JUWQM:OPV[KNJUVRE@JLK z83KYZP?IANJL�@GBJU?IAQK y ?IAN=@?IV x WNO}?IANTU8:E@S'K6=@JU?{GBE'F z83TUTUJÉ�
b:?^��E@W y 83;@T�=@?BAX�n~@E@AN?IVàbPTU?IJU9<;@GI?BJLKNJUb�?BJUV'?^��S@WQ9<; z83KNGBE@V@b�=@?IA�Á�?IV`8:E@JLbPM:?IJLKB�ÒË�?IANWN9<;'JU?B='?BV@?d��~@E��
AQ?BVÀ=@E@AN9<;'Tö8:E'FH?IVØE@V[KN?BANWQ9<;@JU?I=@TUJL9<;@?^Ó4?BAN?IJU9<;@?X=@?IW/Â6V[KN?BANb:ANE@V@='?BW x WNO�=`8:WQW{=@JL?�bP?B�X?BWQWN?BV'?BVàCD8:E'Fö�
GI?BJaKNZP?IANG zOPbP?BAQE@V@bP?IVà=@?BA{Þ�?IJUTUWQE@�X�>?IVÀZPO:V@?BJLV`8:V@=@?IA´8:S y ?BJU9<;'?BV��%�6E@W�='?BV�ÞÒ?BJUTLWNE@�X�X?BVØM�8:V'VÃ?BJLV
�n9<; y 8:V@MRE@V'bPWNS�?BAQ?BJU9<;¼F zE'A%�Q?I=@?,½�JUWQM:OPV[K\JLVRE@JLK z83K�S�?BWQKNJU�X��K y ?BAQ=@?BV��
÷øJL?6S�?BAQ?BJaK\W�?BA y z83;@V[K�WQKN?BJLb:K±=@8:W���7�Ê��>JaK�=@?BA±Ö�8:;@T�8:E'FHWQE@�X�>JL?BAQKN?BA4��~@E'AN?BV x WQO�=`8:WQW��nK zOPANWQJUbPV@8:TU?
E'V@=XÊ68:E'WN9<;@?IV>S�?BJ@?IJUV@?IA%bPA zOPæP?BAQ?BV>��~@E'ANG³83;@T@S�?BWNWQ?BA�E@V[K\?IAN=@A zE@9<M[K y ?IAN=@?IV��nCDJL?Bb:K®=@JU?±~@ANO�ÞÒ?BJUTL�>?IV��
b:?�8:E@WQbP? y{z83;@TLKN?6�6V@G³8:;'T�Z:OPV¤��~@E'AN?BV{�Q?I=@On9<;^GBE^V@8:;^8:V>=@?BA�Á�?IW\8:�{K\G³83;@T�=@?BA4GBE^E@V[KN?BANWQE@9<;@?IV@=@?BV
½
8�K\?BV x M zOPV'VRKN?�?IJUV�8:�>~'TUJLKNE@=@?IV@WQK\8:ANM3?BW��nK zOPAQWNJLbPV`8:T.S�?BJD=@?IA�î������jÌv��Î tvï ��|�?IKN;@On=@? y JL?B=@?IANE@�ëJLV�GIE
ZnJL?BTU?IV���E'�>�X?BV@WQ~@E@AQ?BV�8:S'bP?BS@JLTU=@?vK,E@V@=ÃWQOP�>JaK
F z8:TUWQ9<;@TUJL9<;Ø83TUW{½�JUWNM3OPV[K\JLVnE'JLK z8�K{JLV[K\?BAQ~@AN?vK\JL?BAQK y ?BA��
='?BV��(Â6��F�8:WNWQ?BV¦=@JL?�ÞÒ?BJUTL�>?IV@bP?IVdG:�ùÓ��1=@JU?�Æ z8:TaFjK\?,=@?BA�Á
?BWN8:��KNWN~@E@AQ?BV x WNO y´zE@AQ=@?/WQJU9<;¦?BJLV¼WNO:TU9<;@?IW
�RK zOPAQWNJUb:V`8:T�K\;'?BOPAQ?IK\JLWN9<;�JLV¾='?BA>Æ z8:TaFjK\?¤=@?BA���E@�X�X?BV@WQ~@E@AN?IV�8:S'S@JUTL=@?BV����_JLVøî������jÌv��Î tvï[ï hjmno y JUAQ=
WQJUV@V[Z:OPTUTL?BA�÷Ø?IJUWQ?{VRE@A"S1?IJD?BJUV'?BAY;@JUV'AN?BJL9<;@?BV'=dbPAQOPæP?BVdÁ
?BW\83��K\=`8�K\?BV'�>?IV@bP?,~@ANO���E@�X��8�K\JUO:V@WQFH?IV@W��
KN?BA"8:V@b:? y ?BV@=@?vK³�

�} ôú ûD«^ü>­�¸�¬®©BªX« üXªX« ýáþ1ÿ(þ�����þ������
	�ÿ��
����	��

Ï zE@A�bP?BAQJUV@bP?�Þ�JL?IFH?BV�M�8:V@V�=@JU?>��JLbPV`8:TaFHOPAN� ZPO:VÃÊ"ÏáJLV�?IJUV�?BJLV@=@JU�X?BV'WNJUO:V`8:TU?IW�Á
?BWN9<; y JLV@=@JUb:M:?BJaK\W��
Þ�JL?IFH?IV���|�On=@?ITUT@JLVRZ:?BA�K\JU?IAQK y ?BAN='?BV¦cHG:�ùÓ���� y ?IV@W��v� t iaq1c ��ñPò�� w���� E`83V��v� t iaq(c ��ñPñ[ì wQw �3Õ�V��
JUV'=¦�v� t iaq
c ��ñPñ�� w JUW�K�=@JU?
JLV}=@JU?IWN?IA���ANS�?BJaK�ZP?IA y ?BV@='?IK\?{Õ�V[ZP?BAQWNJLOPV@WN�X?IKN;@On=@?�S1?IWN9<;@AQJU?BS�?BV���Ï zE@A�?BJLV��nK<83AQK\�XO3�
='?BTUT y JLAN=à?BJLVÑKN;@?BO:AN?IKNJUWQ9<;@?BW���?BJLWN�XOPbPAN8:�>� V`8:9<;¾=@?BA>|�?vK\;@On=@?¤ZPOPV¾Æ�83WNM:?ITUT{c �³ñP� Ä w F zE@A�?IJUV@?IV
='E@AN9<;@WQ9<;@V@JaKNK\TLJU9<;@?IVÑ��JLV'F�8:TLTUW y JLV@M:?IT�S1?IAN?B9<;'V@?IKB�_½�JU?IWN?BW y JUAQ=ÃJUVÃ='?BA�b:TU?BJL9<;@?BVÀ÷Ø?IJUWN?�ANO:KNJU?BA�K�E'V@=
='?BM:O:VRZ:OPTLZnJL?BAQK y JL?�=`8:W±GBE¤JUV[ZP?IAQKNJU?BAQ?BV@='?�S1?IOPS`8:9<;[KN?IK\?{��?IJUWQ�>OPb:A\8:�X���R½�JL?�OP~�K\JU�>8:TL?BV}|�O�=@?ITUTL~`8��
AN8:�X?IK\?IA y ?IAN=@?IV¼JLKN?BAN83K\JaZ�=@E'AN9<;d|�JUV@JL�>JL?BAQE@V@b/=@?IA6��E@�X�>?
=@?IAYMnTL?BJLV@WQKN?BV��
E@8:=@A\8�K\?�?BAQ�>JaKNK\?ITLKB�
Â"�Ð?IJUV^ZPO:V�MRTL?BJUV'A z8:E@�XJUb:?BV}�RK\ANE'MRKNE@AN?IV y ?IJLK\b:?B;@?IV@=�E'V@bP?BW�K zOPA�K\?IW�=@E@AN9<;'WN9<;@V@JaKNKNTUJU9<;'?BW6Á�?IWN9<; y JUVn�

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



��ò �
	���
� �"!������ 
 �����  �����
���
��� �"!�#�!%$'&(!��*),+.-/#�01$324-65

=@JUb:M:?BJaK\WQ�>On=@?BTLT6E'VRKN?BAQ;`8:TUS�?IJUV@?IA¤�nK\83K\JLOPV�GBE�?IAN;`83TLK\?IV x4y JLAN=�GIE@A^Õ�V[ZP?IANWNJLOPVá?BJUV'?���E@�X�>?IV@WN~'E@A
ZP?IA y ?BV@=@?vK³�(½
8/?BJUV'?�CÒ83E'FHGB?IJLK\M3OPANAQ?BM[K\E'A"='JU?,��JLbPV`8:TaFHOPAN� ZP?IA z8:V'=@?BA�K x ?BV[KNF z83TUTLK�=@JU?IWN?BA6��9<;'ANJLKQK x W�K<83KQK
=@?BWQWN?IV y JUAQ=�VRE@A zE@S�?BAY?IJUV@?IV��XJLKQK\TU?IAN?IV¤��V[KQFH?BANVRE@V'bPWNS�?BAQ?BJU9<;�c$#&% � Ü � � ò Ü � w WNE'�>�XJU?IAQK³�
½
8:W��_ANb:?BS@V@JLW�=@?BA�Õ�V[Z:?BANWQJUOPV�JUW�K�8:TLTU?IAN=@JLV@bPW±V'JU9<;[K�?BJLV@=@?IE'K\JLb x =`8�Z:?BAQWN9<;@JL?B=@?IV@?´Á
?BWQ9<; y JLV@=@JLbPM:?IJLK\W��
WQKNANE@M[K\E'AN?BV�='JU?�S1?IOPS`8:9<;[KN?IK\?}��JUbPV@8:TLFHOPAQ� ?IANMRT z8:AQ?BV�M zOPV@V@?IV��_|�JaK,M:OP�X~@TU?ôó�?BV x O:FjK��Q?B=@On9<;ØE'V@AN?B8��
TUJLWQK\JLWN9<;@?IVÀ|�O�='?BTUTL?BV¼JLWQK
?IW�AN?BTU83K\JaZ�?BJUV�F�8:9<; x ?IJUV@?/S�?BTLJU?IS@JUb^b:E'K\?´�6V@~`8:WQWNE@V@b�8:V¦=`83W
S1?IOPS`8:9<;[K\?vK\?
��?BJLWN�XOPbPAN8:�>�áGBE{?BAQAN?BJL9<;@?BV(�3½
8�=@JL?�|�?IKN;@On=@?4~'ANJUV'GBJU~'JU?BTLT3V@8:9<;�?IJUV@?I�ã=@?B�ä��E@WQb[8:V@bPWQ�>On=@?ITUT z8:;'V��
TUJL9<;@?BVXÊY?BWNE'TLK<8�K_WNE@9<;[K x JLWQK_='JU?��_JUVRS�?BGIJU?B;RE@V'b,Z:OPVX8�~'ANJUO:ANJ'Õ�V�FHOPAN�>83K\JLOPV@?IV/OPS@TLJUb[83KNOPANJLWN9<;^c����X�XOPV
�v� t iaq x �³ñPñ Ü w �`e
g�gBhjiak:lnmno>pnq(',?IANT z8:E'K\?IAQKY=@JL?{|�?IKN;@O�='?{83V@;`8:V@=�?BJLV@?BW"Ó±?IJUWQ~@JU?ITUWB�

0 

20 

40 

60 

80 

100 

120 

140 

T
ie

fe
 (

km
)

2 3 4 5 
S Geschwindigkeit (km/s)

0 

20 

40 

60 

80 

100 

120 

140 

T
ie

fe
 (

km
)

2 3 4 5 
S Geschwindigkeit (km/s)

KIP (Oahu)                                                                      

Zeit (s)
-10 -5 0 5 10 15 20 25 30 35 40 45 50 

 .1 

 .4 

Í�Î>ÎWÏÑÐ¹ÒËÓEÔ?Õ¦Ö?×*)?Ù,+�Þ5ÏÑÜSß�ÏSÞ5Ð©ÞWÏÑÔ2ÞWåLÊ.Ô0óXÞ5å.Ü.ÏgéËÔ ÛËÔ�Ò?Þ5å.-\ÝSÛ^Ý�Ï�éËÔ0/�Ê�ì±ÛËÓ5ç21�Ûkã?Ó9×©ÍLÓ5ç�Ò?Þ5å�åbÞbáWã?Ý¨Þ5Ô
-2Þ5Ï�Ý¨Þ¡Ü.Ï�Ô�Ò³ÒËÏSÞ3-2ÞWÏ�Ü4õjébÕXå�ÛËõYõ¦ÞyÛ?ÎSÕ?ÞBÎ5Ï�ÐïÒ?ÞWÝ�ð	ëRéâÎ'ÞWÏNÒ^ÛkÜjéâÎ.Þ5åbÞjÒ^ÛkÜ�ÒâÞ4èXéËÔ0óËéËÐ¥óBÏgÞWå4Ý¨Þ�ÓEÔ�ÒlÛËÓ5ç34Ô�éËå4õ¶ÏSÞ5å5Ý¨Þ5-\ÏïÕ^Ô�ÛËÐ�ÒâÞ5åjæ£í6/YéËõ�ßEéËÔ)Þ5Ô\Ý¨Þ{f>ÞWÏïÕâÝS×=Ú¶ÛËå4Ó�Ô�Ý¨Þ5å{ë=Þ5å�ÒâÞ5Ô7ÒËÏgÞ87	í9/YéXõ�ß9éËÔ2Þ5Ô�Ý¨Þ5Ô Õ�Þ5íf>Þ5Ï¹Õ^ÝS×"Ú¡ÏSÞ:-9èËÛËÐ�ÏSÞ5å4Ó�Ô�Õ�ÕXÏSÎWÝ=ÒXÏgÞ � ÞWÐïÛ^Ý�Ï�éËÔòÒ?Þ5åLÍLõ�ß�Ð�Ï�Ý�Ó9Ò?Þ5Ô�ë ÏgÞ'ÒâÞ5åW×Ú�ÏSÞ�Ò iÓ�Ô\Ô2ÞLÒËÓEå]áWãkÕ?Þ.f:ébÕ�Þ5Ô2Þ_æ ÏÑÔ0ÏSÞ:;SÓEÔ\Ý¨Þ5Ô^êLÏÑÜ4Ý�Ò^ÛkÜ<-0Ï¹ÕXÔ�ÛËÐ\Ò?Þ4Ü=ÍLÓ�Ü]Õ?ÛËÔ?ÕËÜ4õjé:ÒâÞ5Ð�Ð¥Ü'ðàë=ÞWÐïáWãEÞ4Ü�ÛËÓ5çÒâÞ5å�Ð�Ï�Ô9èXÞWÔ�-)Þ5Ï�Ý¨Þ�õYÏ�Ý	ÞWÏÑÔ)Þ5å¶ÞBÎ'Þ5Ô>ç5ÛËÐ�Ð¥Ü¶Ò iÓEÔ0Ô2ÞWÔ³æ ÏÑÔ\ÏgÞ¶ÛËÔ?Õ�Þ'fBÞ5Ï¹Õ^Ý=ë ÏÑå�Ò^×©Ú¡ÏSÞ¶ÒËÏ�áWèXÞYÒËÓEå�á5ãkÕ�Þ'f>éËíÕ?Þ5Ô)Þ¶æ ÏÑÔ\ÏgÞyÏÑÜ4Ý�Ò^ÛkÜäÛËÔ?Õ?Þ�ßEÛkÜ.Ü4Ý¨Þ¦ñòé:ÒâÞWÐÑÐ¹×=Ú¶ÛkÜ¶fWÓXÕ�Þ4ã iéXå.Ï¹Õ?Þ³ÞBÎ'ÞWÔ:ç5ÛXÐÑÐ¥ÜyÒËÏgá5èyÕ?Þ.f>ÞWÏ�áWãâÔ2ÞWÝ¨Þ=-)Þ5ÏÑÜ.íõ�é'ÕXå�ÛËõYõ ÏÑÜ4Ý�ÏÑÔrÒâÞ5åhñzÏ�ÝgÝ¨ÞYfWÓ�ÜWÞ4ã9Þ5Ô�×ÉÚ¡ÏSÞhÕ�Þ4Ü5Ý�å.Ïgá5ãEÞWÐ�Ý¨Þ>-Ëß2Ó�å¡Õ^ÏgÎ:Ý@?:Þ5ë=ÞWÏÑÐ¥Ü¦Ò^ÛkÜ¦ÝSÛXÝ�Ü2iÛ^á5ãâÐ�Ïgá5ãÎ'Þbé?ÎbÛ^áWã?Ý¨ÞWÝ¨Þ3-\ÏïÕ^Ô�ÛËÐ"ë ÏSÞbÒâÞWå5×

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



A BDC EGFIHKJ L

M HON P Q R.S B&Q T HON U NVT H

½
83W"Õ�V'V@?BAQ?�=@?IW��_AN='M zO:AN~�?BANW6?BV[K\GIJU?I;RK6WNJL9<;d=@?I�ëE@V@�XJLKQK\?BTLS`8:AQ?BV�Ö(E@bPAQJXW¦E@V'=d=`8:�XJLK�=@?BA"=@JUAQ?BM[K\?IV
Â"V[K\?BAQWNE@9<;RE@V'b}=@E@AN9<;�=@?IV¦|�?IV@WN9<;@?IV��.Ö y 8:A�?IANTö83E@S1?IV�?IJUV@JLbP?�WQ?BTLKN?BV@?�K\JL?IFH?
�6E'FHWN9<;@T zE@WNWQ?}cHG:�ùÓ��`=@JU?
ÕsZnAQ?³8���Ö(OPV@?�JUVX7"OPAN=@JaK<8:TLJU?IV wvx Þ�JU?vFHS1O:;@ANE@V'bP?BV�WNO y JL?�|�8:V[K\?BTÉó�?BV@OPTLJLKN;@?�?BJLV@?BVX�_JUVRS@TLJU9<M{JUV´=@JL?Y��AQE@W��
KN?>E'V@=À='?BVØO:S1?IANWQKN?BVÃ|d8:V[K\?IT x �Q?B='O�9<;ÀTUJU?vFH?BAQVÀ83E@9<;Ø=@JL?BWQ?Y��E@?ITUTU?IV�TU?B='JUbPTLJU9<;¦Õ�V'FHOPAQ��8�K\JUO:V@?BV�8:E'W
Z:?BAQbPTU?IJU9<;@W y ?IJUWN?,OPS�?BA�Ô z8:9<;@?IV@V`8:;@?IV¦Ó±?IAN?BJL9<;@?BV(�
�_AQM:?BV'VRKNV@JUWQWN? zE@S1?IAD=@?BV,��E'FHS@8:E�=@?BWDK\JL?IFH?BAQ?BV,�_AN=@M zOPAQ~1?IANWÒM zOPV@V@?IV�8:TLTU?IJUV
8:E'WÒ~';[ZnWQJUM�8:TUJLWN9<;@?IV�Ó4?BOPS��
839<;RKNE@V@bP?IV�8:S@b:?BTU?IJLKN?IK�E@V@=�=@E@AQ9<;�CD8:S�OPAQZ:?BANWQE@9<;@?XK\?BJLT y ?BJLWN? zE@S�?BAN~'A zE'FjK y ?BAN='?BV����_JUV@?>��9<;@T zE@WNWQ?BTÉ�
AQOPTUTL?�GBE'A6Â"V[K\?BAQWNE@9<;RE@V'b^=@?BA6�nKNANE@M[KNE@AN?IVd=@?IW��_AN='JUV@V@?IAN?IV�V@JL�>�{K�=`8:S�?BJ�='JU?{��?BJLWN�XOPTUO:bPJU?"?BJLV��
Õ�V�FHOPAN�>83K\JLOPV@?IV zE'S1?IA"KNJU?IFH?{��9<;'JU9<;[K\?IV¦=@?BA6�_AN=@?,M zOPV@V@?IV¼JUV@WQS1?IWNOPV'=@?BAQ?/8:E@W6Ï`?BAQVnS�?BS�?BV�bP? y OPV@V'?BV
y ?BAQ=@?BV(��CÒ8\ZÀE@V@=Ã÷Ø8:TUTU8:9B?¼c ��ñ:ñ�� w bP?BS�?BVà?BJLV@?BV�;'JUWQKNOPANJLWN9<;@?IV zÂ6S�?BAQS@TUJL9<M,� ��ñ Ü � ?BV[K\=@?I9<M[K\?]��TU=��
;@8:� =@?BV}�_AQ=@M:?IANV x =@JU?"Þ�JU?vFH?�=@?IA��
?BAQV���|d83VRKN?BTÉ��Á
AN?BV'GB?�c # ��î w_y E'AN=@? ��ñ'� Ý�ZPOPV¤Á
E'KN?BVRS1?IANb´83E'F
Ä ñ ÜPÜ>MR� S1?IWQKNJU�X��K³��½�?BA6JUV@V'?BAN?/��?IANV¼WQ9<;@TUJL?BæPTLJU9<; y E@AN=@? �³ñ Ý � ='E@AN9<;¦Õ�V@b:?´C.?B;@�>8:V@V¼?IV[K\=@?I9<MRK x
y z83;@AN?IV@=}S1?IAN?IJLK\W ��ñ Ü ñ =@E@AQ9<;¤|�OP;'OPANO�ZnJ_^9IJ�`9"=@JU?";@?BE�K\?
8:TLTUbP?I�>?IJUV�8:TLWY����ð`�YS�?BGI?BJU9<;'V@?IKN?
�
ANE@W�K\?BVn�
|�8:V[K\?BTÉ��Á
AN?IV@GB?�b:?IFHE@V@='?BV y E@AN=@?3��|�JaK�=@?IVba`�6cYÎ\��d�ÌvÍfîYl�ijiU�vm 0 t gBiU�<Ì y E'AN=@? ��ñ Ý ñ�e�� Ü{?BANW�K\�>8:TUW4?BJLV
='?IK<83JUTUJL?BA�K\?BW�Ó±JUTL=}=@?BW6�_AN=`8:E�FHS`8:E@WYS@JLW�JUV@W6Ö(?BV[KNANE@�ÐZ:OPANb:?BWQKN?BTLTLK³�
½�JU?�WQK\?vK\?^Ë�?IANS�?BWNWQ?BAQE@V@bØ='?BA���E'FHGI?BJL9<;@VRE@V@bP?IV¾E@V'=¾=@JL? y 8:9<;@WN?IV@=@?¼Ö�8:;@T4Z:OPV¾Ó±?BOPS@8:9<;[K\E@V@b:?BV
F zE';@AQKN?6GIE>JL�>�X?BA%='?IK<83JUTUJL?BA�K\?BAQ?BV´Ë�OPAQWQK\?ITUTLE@V@bP?IV>=@?IW±�_AQ=`8:E'FHS`83E@W4E'V@=>S'JUTU='?IK\?IV>='JU?6Á�AQE@V@=@TU8:bP?�F zE@A
='JU?�;@?BE�K\?Xb zE@TLKNJUbP?IV�bPTUOPS@8:TU?IV���AQ=@�XO�=@?ITUTL? y JU?�G:�ùÓ��gf �"! � c�½�GIJU? y OPV'WNMRJ�E@V@=Ø�6V@=@?IANWNO:V x �³ñPò Ü w
On=@?IA $ e 5 fih�j�c��
?BV@V@?vKNK�E@V@=¼�_V@b:=`8:;@T x �³ñPñ'� w ��CD?vK\GvK\?BAQ?BW y JUAN=�JUV�=@JU?IWN?IA6�6ANS�?BJLKYZ:?BA y ?BV'=@?IKB�De
gBÍ
gBhjiak:lnmno�kRq9j
WQKN?BTUTaKY=@JU?�Ë�?IANT z8:E'FH?
=@?IA�Á
?BWQ9<; y JUV@=@JLbPM:?IJLKN?BVdV@8:9<; $ e 5 fih�j
=`8:AI�

l¤ 
m n�£¦¬®§�¥ ¥ ­
«¦¬®­�¨po�£¦«rq

Â"�Å=@JU?�Ë�OPANb z8:V@bP?>JUV�=@?BA���AQ=@?^E@V'=Ã=@?BAQ?BVÑ�nKNANE@M[KNE@AN?IV�bP?BV`83E@?BA,ZP?BAQWQKN?B;@?IVÑGIEÃM zOPV@V@?IV x JLWQK{=@JU?
�
?IV@V[K\V@JLW zE@S�?BA�JL;@AN?¤9<;@?I�>JLWN9<;@?dÖ(E@W\83�>�X?BV@WQ?IKNGBE@V@b�ZPO:V y JU9<;[KNJUbP?IA>Ó4?B=@?IE'K\E@V'b@�4¿±;@OPV@=@AQJLKNJUWN9<;'?
|�?IK\?IOPANJaK\? x JLV@WNS�?BWQOPV@=@?IAN?�s´��ðni�haon� # ð`��m�k:Îvhj��� x Tö8:WQWN?IV^ZP?BAQ�/E'KN?BV x =`8:WNW±WNJU?6JUV^JL;@AN?IA4W�K\O�tXJL9<;@?BV�Ö(E��

�³ñ

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ä:Ü �
	��_
� �"!vun���
��� 	xw�ygz±	xw �
���ã���6�
�

Í�Î>ÎWÏÑÐ¹ÒËÓEÔ?Õ øâ×{4^Ù Ú¶ÛkÜ ÕXÐ¹éâÎbÛXÐ¹Þ}|�Þ4ÜWá5ãâë Ï�Ô�ÒËÏ¹ÕËè^Þ5Ï�Ý�Ü.õjé:ÒâÞWÐÑÐ�Ê�Í~-�ì���4^×Y�,Î'Þ.f>Þ5Ïgá5ã?Ô2ÞWÝûÒXÏgÞ±ì	í
� Þ5Ð�Ð¹ÞWÔ?Õ?Þ5Ü5áWãâë ÏÑÔ2ÒËÏïÕXèXÞWÏ�Ý�ð<� ÒËÏgÞx-0í � ÞWÐÑÐ�Þ5Ô?Õ�Þ4ÜWá5ãâë Ï�Ô�ÒËÏ¹ÕËè^Þ5Ï�ÝS×	Ú¶ÛkÜyñòé:ÒâÞ5Ð�Ð_ÏÑÜ4Ý�èXéËÔ�fWÏúß�ÏSÞ5å5Ý=ç iÓEåèËéËÔ\Ý�Ï�Ô2ÞWÔ\ÝSÛËÐ�Þ3/hå4Ó�Ü4Ý¨Þx;�ñòékã�éXÝ�ÏSÞ�ç:Þ:Ù	ø��³èBõLêBð�ÒËÏgÞ¶Ú¡Ï�Ü.èËéËÔ�Ý�ÏÑÔ0ÓEÏ�Ý iÛXÝ¨Þ5Ô Ï�Ô0��4âù³èkõüÓ�Ô2ÒUÈ^Èâùlèkõ
� ÏgÞgçWÞ�Ü.Ï�Ô�ÒlÎ'ÞWå iÓ0áWè>Ü.Ïgá5ã�Ý�ÏïÕâÝ�;�ÛXÓ?ÜWÙ�-\ÝSÛ^á4Þ��Y;$4����ËÖWê'êX×

W\8:�X�X?BV@WQ?IK\GIE@V@b
=@JL?�|d8�K\?BAQJU?4GBE@A%Ö(?BJLK®=@?BA���MRMRAN?vK\JUO:V´=@?BW_�_AQ=@M zOPAN~�?BAQW y JU?I=@?BAQWN~@JL?BbP?ITUV��:��JU?4TUJL?IFH?BAQV
=`8:�XJLK�bPANE@V'=@TU?IbP?BV@='?>�_AQM:?BV'VRKNV@JUWQWN? zE@S�?BA�=@JU?/Æ z8:E'�@bPM:?IJLK\W�ZP?IAQK\?IJUTLE@V@b¤=@?BA
9<;'?B�XJUWN9<;'?BVÃ�_TL?B�X?BV[K\?3�
Ë�?BAQWN9<;@JL?B=@?IV@?���V'V`8:;@�X?BV zE@S�?BA�=`8:W_Ë�OPANM3OP�X�>?IV>E@V[KN?BANWQ9<;@JU?I=@TUJL9<;@?BA±|�?vK\?BO:ANJLKN?Y?BANb:?BS�?BV�?IJUV@?"ÊY?BJÉ�
;@?
ZPOPV�|�On=@?ITUTLZ:OPANW�K\?ITUTUE'V@bP?BV zE@S1?IA�=@JU?,Ö(E'W\8:�X�>?IV@WN?vK\GIE@V@b�=@?BAY�_AQ=@?>c�ÊYJUV@b y OnO�= x ��ñ[ì3ñ � ¿±OPV'=@JU? x
��ñPò Ä w � 0 t gv�vijiU�2kRq9j
GB?BJLb:KY?BJLVdÓ4?BJUWQ~@JU?ITf�

Ë�?BAQ?BJUV�F�8:9<;[K�JLWQK�=@JL?¤��AQ=@?�E@V[K\?BA�K\?IJUTLK/JUVà?BJLV@?BVÑJUV@V'?BAN?IV¾E'V@= z83E@æP?BAQ?BVß��?IANV x WQO y JU?�|d8:V[K\?IT�E@V@=
�
ANE@W�K\?:�(�®ó'~�?BAQJU�X?BV[K\?ITUT y E@AN='?�FH?BW�K\bP?IWQK\?ITUTaK x =`8:WQW�=@?BA6JUV@V'?BAN? y JU?{=@?BA z8:E@æP?IAN?/�
?IANV�8:E@W��_TU?B�X?BVn�
K\?IV¼�>JaK3�
AQ=@VRE@V@bPWQG³8:;'TU?BVdbPA zOPæ:?BA68:TUW�Ä:Ý>S�?BW�K\?I;@?BV��(7�8:9<; 0 t gv�vijiU�=kRq9j{M3OP�>�X?BV�;@JU?IAQF zE@AYJLVd?BAQWQKN?BA
C.JUV@JL?{�_JLWN?BV�E@V@=¦7"JU9<M3?BTÒJUV�Ï�AN8:bP?3��÷ z83;@AN?IV@=dF zE@AY=@?IV¼JUV@V'?BAN?IV¼�
?BAQV¦½�JU9<;[KN?{E@V'=dWN?IJUWQ�>JLWN9<;@?/Á�?ô�
WN9<; y JUV'=@JUbPM3?BJaK\?BV}S�?BW�K\JL�>��K y E@AQ=@?BV x =@JU?68:E'F�V`8:;@?IGBE}~@E@AQ?BW��_JLWN?BV�WN9<;@TLJU?Bæ:?BV^TU8:WNWQ?BV xRy JUAQ=�F zE@A�=@?BV
z8:E@æP?IAN?IV��
?BAQV>?IJUV�MRTU?IJUV@?IA_��V[K\?IJUT@TL?BJU9<;[KN?BAN?IA���TL?B�X?BV[K\? y JL?�G:�ùÓ��n�'8:E@?IANW�K\O�W x ��JUTLJUGIJUE@�*On=@?BA���9<; y ?v�
FH?BTD8:V'bP?BV@O:�>�X?BV��'½�?BA z8:E'æP?BAQ?���?IANV¤�/E@WQW�Ô zE@WNWQJUb�WN?IJUV x =@8�;'JU?BA±M:?BJLV@?{��9<;@?IA y ?BTUTL?BV¤K\AN8:V@WN�XJLKQK\JL?BAQK
y ?IAN=@?IV��.½�?IA"Ô zE'WNWNJLbP?�Ö(E@W�K<8:V'=¼JUW�K�bPTL?BJL9<;@?BAQ��8:æ:?BV�8:E@9<;¼Ë�OPAN8:E@WNWQ?IKNGBE@V@b^F zE'A�=@JL?��_V[K\W�K\?B;RE@V'b�='?BW
�_AN=@�>8:bPV@?vKNFH?ITU=@?IW"JLV¤=@JU?IWN?BAYÞ�JL?IFH?Xc��
?B8:AN?�Z¤E@V@=¤Ë�JUV'? x ��ñ:ñP� w �

½�?BA±|d8:V[K\?IT�V@JU�X��K�V`8:9<;XË�OPTUE'�>?IVXE'V@=}|d83WNWN?6=@?BV>bPA zO:æ:K\?IV>ÞÒ?BJLT�='?BA4��AQ=@?"?BJUV(�n|d8:V�E'VRKN?BAQWN9<;@?IJa�
=@?IKYG y JUWQ9<;@?BV¤=@?I�ÐOPS�?BAQ?BV}E@V@=¤=@?I�·E'VRKN?BAQ?BV�|d8:V[K\?IT x =@?BA�E@V[KN?BAN;@8:TUS}=@?IAY|d8:V[KN?BT zE'S1?IANb[8:V'bPWNGIOPV@?
JUV �P� Ü�MR� Þ�JU?IFH?YS�?BbPJLV@V[K³�nÖ y ?BJ�bPAQE@V@=@W z83K\GITUJU9<;'?�|d83VRKN?BTL�>On=@?BTLTU? y E'AN=@?IV�ZnJU?BTaF�8:9<;X=@JUWQMnE�K\JU?IAQKB�[��E'F
Ê"JLV@b y O�On=Ñc �³ñ[ì�� w bP?I;[K�=`8:W5f�d3Î\��i�hj��Íf�À�Bkn�viji�GBE@A zE@9<M xÒy OPV`839<;À=@?IA�OPS1?IAN?X|d83VRKN?BT�8:E@W>��TLJLZnJUVÑc � Ü

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



uR�X�P�]� w ê 	 �¼�d� è ê'�  � w�è5� Ä �

�@���������X����� ����  ¡\¢
£
¤�¥ ��¦§��¨$©�ª«�(¬g� ­�®�  ¯�¢
£ �±°²��³´� ¥�µ � £ ��� ¶�¯�  ­�¢
· ¤�¸ �����$� ¥�µ �*· ¸ � ¶�­� º¹»¢
¼���³_½��¾°@�X¼��¿� ­
  �\¢
£ ³_À\ÁÂ�¾ÃÄ�¾°@� £ � ¶�  ®�¢
Å�¤ °�³´� ¥�µ � Å�¤ � ¶� ²¶�¢
Æ ° ¥�µ �±��� ¥�µ � Æ °�� ¶� ²¶�¢
¼ ¤ ¨§¦$� ¥�µ �*¼ ¤ � Ç�  ¡�¢
¤ ��È
��¦$� É�Ç�  ®\¢

� ÛâÎ.Þ5Ð�Ð¹Þ ø?×X4^Ù � Þ5Ð¹ÛXÝ�ÏÑóXÞ ÷ iÛXÓ4þ�ÕËèXÞWÏ�Ý¨ÞWÔ
;SÏ�ÔI|�Þ5ë Ïgá5ã?Ý�Ü¨ß�å�é>f>ÞWÔ\Ý�ê�ÒâÞ5å�á5ãEÞWõYÏ�ÜWá5ãEÞWÔî	Ð�Þ5õ¦Þ5Ô\Ý¨Þ ç)iÓEå ÒËÏSÞ,Õ�Þ4Ü5ÛXõYÝ¨Þ î	å�ÒâÞ:×
;SÔ�Û^áWã�Ù � Ï�Ô?Õ^ëRé:é:Ò ;$4��9Ø»�4ê�Ê Ë éËÔ2ÒËÏgÞ
;$4��
)^ÖWê'ê

Ì wôx ]gZnANO³ó�?BVßcfÄ � Ì w E'V@=ÀÁ�AN8:V`83K/c ��� Ì w S�?BW�K\?I;RKB�.½
8:W=f4h{Í�iU�No:hj��Íf�À�Bkn�vijiÒc�Ó�8:WQW�E@V@=¦�6V@=@?BAQWNOPV x
�³ñPò�� � �6V@=@?IANWNO:V�E@V@=�Ó�8:WQW x ��ñPò:� w WNJL?B;[K�E@V[K\?BAQWN9<;@JL?B=@TLJU9<;@?�Ö(E@WN8:�>�X?BV'WN?IKNGBE@V'bP?BVXF zE@A_ZP?BAQWN9<;@JL?B=@?IV@?
Þ�JL?IFH?IVX='?BW±|d8:V[K\?ITUW%ZPO:AB�R7�839<;>=@JL?BWQ?B� |�On=@?ITUT y JLAN=�=@JL?Y��O:�>~�OPWNJaK\JLOPV�=@?IW�OPS1?IAN?IV^|d83VRKN?BTLW�S'JUW%JLV
Ä:Ä:Ü,MR� Þ�JL?IFH?YS1?IJ�=@?BE'KNTUJL9<;>bP?IANJLV@bP?BAQ?B�Î��TLJLZnJUV��s��V[K\?IJUTnZPOPA�8:TLTU?B�×ZPOPV��
TUJUV'OP~�Z�AQO³ó'?IV�E@V'=^Á
A\8:V@83K x
='?BV�Æ�8:E@~�K\S�?BWQK\8:V@='KN?BJLTU?BV�=@?IW��_MRTUOPb:JLK\W x S�?BW�K\JU�X��KB�
Ö�83;@TUAQ?BJU9<;'?�Æ"O�9<;@='ANE@9<MP���®ó�~�?BANJL�>?IV[K\? x WN?BJLWN�XOPTUO:bPJUWQ9<;@?�Ó4?BOPS`839<;RKNE@V@bP?IV}E@V@=�|�On=@?ITUTUJL?BAQE@V@bP?IV>?ITö8��
W�K\JLWN9<;@?IA�Á
A zO:æP?BV y E@AQ=@?BVÑGBE@A�Ó4? y ?BAQKNE@V@bÀ=@?BA´S�?BJL=@?BVß|�On=@?BTLTU?�;'?BA\83V@bP?BGIOPbP?IV���½�JU?}�_ANb:?BS@V@JLWNWQ?
TU8:WNWQ?BV�Ê"8:E@�·F zE'A�ZP?BAQWN9<;@JL?B=@?IV@?�Õ�V[KN?BAN~'AN?IK\83K\JLOPV@?IV x@y O:S1?IJ.=`8:W�~�ZnANOPTLJLK\JLWN9<;@?,|�O�=@?ITUT[�Q?B=@On9<;�O3FjKY8:TUW
=@8:W´~`8:WQWN?BV'=@?BAQ?d8:V'bP?BWQ?B;@?IV y JUAQ=ác�G3� Ó��_¿±;@OP~�?BTö83W�c ��ñPñ�� w�� ��;@?³83AN?BA´E'V@=ÑÏ®Tö8:V@8:b[8:Vøc ��ñPñPñ w�� Á�8��
;'?BAQKÏZÃ�v� t iaq®c ��ñPñPñ S wNw �@½�EÐWÂZ¤E'V@=��6V@=@?IANWNO:Vàc ��ñ:òPñ w�� Ï�EÇ�QJUW\8 y 8dc ��ñPñPò w S1?vZPOPAQGBE@bP?IV¼=`8:b:?BbP?IV�=`83W
~'JUMRTUOPb:JLK\JLWN9<;@?6|�On=@?ITUT��>JaK�?BJLV@?B� bP?IANJUV'bP?BAQ?BV8��TUJaZnJUV��s��V[K\?IJUT'JL� OPS�?BAN?IV¤|d8:V[KN?BTf�'Ö(;`8}�v� t iaq�c �³ñPñ[ì w
b:?B;@?IVd?IK y 8´ZPOPV � Ü Ì ��TUJaZ�JLV¤8:E@W x Õ�W\8P8:M¦c ��ñPñ Ä w ZPO:VdVRE@A � Ý Ì �
½�?IA,|d8:V[K\?IT�JUWQK�VRE@A�S�?B=@JLV@b:K,8:TLW
;@OP�XOPbP?IVÀ83V@GBE@WQ?B;@?IV�����JLV@GB?ITUV@?�Ó4?BOPS`839<;RKNE@V@bP?IV y E@AQ=@?BV�M:OPVn�
MRAQ?IK"8:E'FDM3OP�X~1OPWQJLKNJUOPV@?ITUTL? z�6V@=@?IANE@V@b:?BV¤GBE@A zE@9<MRbP?IF zE';@AQK�c�G3� Ó6�@��8 y 8:M�83KNWNE¤E@V@=¤7"JUE�c ��ñPñ�� w�� ��JLV@b3�
�>8¼�v� t iaq®c ��ñPñ�� w�� Ï`E��QJUWN8 y 8�c ��ñ:ñPò w�� Z38:V�=@?BA6Æ6JLTUW�K6E'V@=¼�Ñ`8:AN8:WNOPVØc �³ñPñPñ wQw ���
?BTLTUOPbPbd�v� t iaq%c �³ñPñPñ w
F zE';@AN?IVÑ?vK y 8�=@?IV¾Â"V[K\?BAQWN9<;@JL?B=àZPOPVÑÊYJLFjK��Xc�� 24� î w E@V'=ÑÕ�V'WN?BTLS`8:WN8:TLKN?BVác 2�$ î w 83E'F"?BJUV'?}9<;@?B�XJa�
WQ9<;@?�ÞÒAN?IV@VRE@V@b�JU� E'VRKN?BAQ?BV�|�8:V[K\?BT�GIE@A zE@9<M��Ò��TLW�Æ�8:E@~�K\S�?BWQK\8:V@='KN?BJLT�='?BW,E@V[K\?BAQ?BVÃ|d8:V[K\?ITUW y JUAQ=
|�bR��J9�ÓÒQ��]�?IANO�ZnWNMRJLK��XJLK®?BJUV'?B� � Ì JLbP?BV´�6VRKN?BJLT�ZPO:VX�6T Ù �ÓÒ�~�OPWQKNE@TUJL?BAQK�cH÷À?BV[K\GI9BO�ZnJLKN9<;��v� t iaq x ��ñ:ñPò ���8:AQMRJ±�v� t iaq x Ä3ÜPÜ � � �6M�8:OPbPJ4�v� t iaq x Ä:Ü:Ü[Ä w �

½�JL? z8:E@æ:?BANW�K\?���9<;@JL9<;RK,=@?IA,��AQ=@? y JUAQ=�b:?BV@?IAN?BTLT_JUV¦=@JL?6�QE@V@bP? x = zE@V@V'?>OPGI?³8:V'JUWN9<;'?XE'V@=À='JU? z8:TaK\?BAQ? x
='JU9<M:?6M:OPV[KNJUV@?IVRK\8:TU?��
ANE@W�K\?"E@V[K\?BAQWN9<;@JL?B=@?IV x'y ?BTL9<;@?��X?BJUW�K�?BJUV'?BV y ?BWQ?BV[K\TLJU9<;}M3OP�>~'TU?vó�?IAN?BV>��E'FHS@8:E
S�?BWQJLKNGIK³����GB?³83V@JUWQ9<;@?´�
ANE@W�K\?/V'JU�X��K"?IK y 8 ÙÒ ='?BA
�_AN='OPS1?IAQÔ z839<;@?´?BJLV x WQO}8:E@9<;¦JLV¼=@?IA�ÊY?BbPJLOPV¼=@?IW
|�?BWNWQbP?BS'JU?IKNWB���nJU? y JUAN=Ø8:VØ='?BV�OPGI?³8:V@JLWN9<;@?IVàÊ"JaFjK\W¾Z�W�K\?I�>?IVØbP?IS@JUTL=@?IK{E@V@=ÃS�?BW�K\?I;RK´8:E@W{KN;@OPTL?BJUJaK\JÉ�
WQ9<;@?BVdÓ�8:WN8:TLKN?BVØc�8:E@9<;��(�¼h�k 2ÕÔ � t m � h�k�on��î t Ì t i���On=@?BA�� 24� î w c���8\ZØ�v� t iaq x ��ñ[ì Ü w �

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



ÄPÄ �
	��_
� �"!vun���
��� 	xw�ygz±	xw �
���ã���6�
�
l¤ ô� ¢}­
©B¬%¥ ©³¬%¯4°¼­ Ö ©³¬%²´ªX«}¨%©³«¤£¦©I¨Õ×§,¨%­
«

Ó±?BAQ?BJaK\W�83E@W±=@?IA±bPAQOPS�?BV^�_JLVRKN?BJLTUE@V@b,JUV>�
ANE@W�K\? x |d83VRKN?BT1E@V@=}�
?BAQV y JLAN=�='?BA±b:?BWN9<;'JU9<;[K\?vK\?
��E�FHS`8:E
=@?BW��_AQ=@M zOPAN~�?BAQW_=@?BE'KNTUJL9<;��P�n9<;@JU9<;[K\b:AN?BV'GB?BVXM zOPV@V@?IV x WQO:FH?BAQV´WNJL?��>JaKÒ?BJUV'?B�×;@JUV@AQ?BJL9<;@?BV@=´b:ANOPæP?IV/Õ��´�
~1?I=`8:V@GIM:OPV[KNA\8:W�K±?IJUV@;@?IANbP?I;@?BV x �>JaK%WQ?BJUWQ�>O:TUOPbPJLWN9<;@?IV�|�?vK\;@On=@?BV>8:E@9<;�JLV´bPANOPæ:?BV´Þ�JU?vFH?BV´=@?vK\?IMRKNJU?IAQK
y ?IAN=@?IV��@½�JL?�Â"V[K\?BAQWNE@9<;RE@V'b�Z:OPV^�_AQ=@S1?IS1?IV@WNJLbPV`8:TL?BV^JLWQK�=`8:;'?BA4F zE'A4=@JL?6;'?BE'KNJUbP?�|�On=@?BTLTLZPO:ANWQKN?BTLTUE@V��
bP?BV>=@?BW4�_AN=@JLV@V@?IAN?BVXZPOPVX?BV[KNWN9<;@?IJU=@?IV@=@?BA�Ó±?B=@?IE'K\E'V@b/bP? y ?IWN?BV(�'½�JL?YÊ6Ï�|�?vK\;@On=@?"?BJUb:V@?IK�WNJL9<;>Z:OPA
8:TUTL?B� GBE@A"Â"VRKN?BAQWNE@9<;RE@V@b^Z:OPVd��9<;@JU9<;[KNWQK\AQE@M[K\E@AQ?BV¼E'VRKN?BAQ;`8:TUS�=@?IW��_�X~'F z8:V@bP?IANW�S@JLW�JUV¤=@?IV�OPS�?BAQ?BV
Þ�?IJUT.=@?IWYE@V[K\?BAQ?BV¼|d8:V[K\?ITUWB�
��?BJLWN�XJUWQ9<;@?¼½�JLWNM:O:VRKNJUVRE@JaK z83KN?BV y ?IAN=@?IV�V@JU9<;[K^VRE@A>=@E@AQ9<; z��V@='?BANE'V@bP?BV�='?BAX9<;@?B�XJUWQ9<;@?BVáÖ(E@WN8:�´�
�>?IV@WN?vK\GIE@V@bø;@?BA�ZPOPAQbP?BAQE'FH?BV(����S�?BV'WNOøM zOPV@V@?IV*KN;@?BAQ�>JLWN9<;@?Ã�<W1?BM[KN?�O�=@?IA¼�XJUV@?IA\8:TLOPbPJUWQ9<;@?À]�;@8��
WN?IV zE@S�?BANb z8:V@bP?�=@JL?¼Â6AQW\8:9<;'?�WQ?BJLV���½�JL?¼7�8�K\E@A�Z:OPVøWN?IJUWN�XJUWQ9<;@?BVåÁ
AN?IV@GBWQ9<;@JU9<;[K\?IVäJLWQK^b:?BA\83=@?¦JU�
Ö(E@W\83�>�X?BV@;@8:V@b��XJLKY='?BA
|�8:V[K\?BTLM:OPV[Z:?BM[K\JLOPV¦AN?ITU?IZ38:V[K x =@8�M:OP�X~�OPWNJaK\JUO:V@?BTLTU?�Á
AN?IV@GB?IV¼JU�È÷øJL=@?BA��
WN~@AQE@9<;¼GIE�?IJUV@?IA�=@?BV�bP?BWN8:��KN?BVd|d8:V[K\?ITÒE'�XF�8:WQWN?IV@=@?BVd�
OPV[ZP?BM[KNJUOPV�WQKN?B;@?IV��

Í�Î>ÎWÏÑÐ¹ÒËÓEÔ?Õ�ø?×�Ö?Ù0ì	ã�ÛkÜ:Þ5Ô iÓ\Î'ÞWå�Õ iÛËÔ?Õ�Þ�ÒâÞ4Ü.1	Ð�ÏÑóBÏÑÔ0í§-Ëß�Ï�Ô2ÞWÐÑÐ�í$-��BÜ5Ý¨Þ5õ¶Ü	ÏÑÔjÍ�Î4ã iÛËÔ?ÕXÏ¹ÕËè^Þ5Ï�Ý;ókéXÔ�Ú¡å4Ó9áWè>ð
� ÞWõ�ß0Þ5å�ÛXÝ�ÓEå{ÓEÔ�Ò�ØàÓ?ÜWÛËõYõ¦Þ5Ô9Ü:ÞWÝ�f5ÓEÔ?Õ?×NÚ¡ÏSÞlÞ5Ï�Ô?Õ?Þgç)iÓ^ÕâÝ¨Þ�æ£Ï�Ô0ÏgÞäõ�ÛXå'èkÏgÞWå4Ý�ÒËÏSÞ�Ø"Ó�ÜWÛËõYõjÞWÔ9ÜWÞ:Ý�íf5ÓEÔ?ÕäÒâÞ4ÜLñòÛËÔ\Ý¨ÞWÐïéËÐ�Ï�ó>Ï�Ôr;�ÛËÓ�Ü5Ùà÷¶Þ5Ð ÿ�å4Ï�áWãlÓ�Ô2ÒÓ+�Ï�Ô�Û0;$4������Ëê'êX×

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



uR� �'��ê'� 
 ê@� 
 ê�Ù%���ø� 
 ê � � èÚ Ò
�èYwÒ
� ÜÛ	Ý � è Ä3Ý

Ó4?BJ�?IJUV@?I� ]_;`83WN?BV zE@S1?IANb[83V@bÃ�`V@=@?vK}?BJLV@?¦Â"� y 83V@=@TUE'V@bÃ=@?IA}�
ANJUW�K<8:TLTUW�K\ANE'MRKNE@AXOP;@V@?�9<;@?B�XJUWQ9<;@?
Ë�?IA z8:V'=@?BAQE@V@b"WQK<8�KNK³�³½�JU?BWQ?%JUW�K.JUV
='?BADÊY?BbP?IT[8:S@; z83V@bPJUb�Z:OPV�?BJLV@?B�åS1?IWQK\JL�>�{K\?BV�½�AQE@9<MP��ÞÒ?B�X~1?IA\83KNE@A��
Ë�?IAN; z83TLK\V'JUWB�[|�JLK z��V'=@?BAQE@V@b�='?BA�Þ�?I�>~�?BAN83K\E@A_Z:?BANWQ9<;@JU?IS'K�WQJU9<;>WNOP�XJLK x 8:S@; z83V@bPJUb
Z:OPV�=@?IA # i t lRÌvhjl[ÌvÍ
# i tvï ��d�Î\��m`Í 5 ���vhao:lnmno¦c�Þ´ßÞ_à wôx 8:E@9<;à=@JL?^Þ�JU?vFH?^=@?IW�]�;@8:WN?IV zE@S�?BANbP8:V@bPW�c�Ó4JUV`8dE'V@=ÑÆ6?BT*W(AQJU9<; x ��ñPñ�� w �½�JL?�e
g�gBhjiak:l�mnon�vmákRqUpdE@V@=âkRq²ãåäsi�hjmÐÍ�Ì u Z:?BAN8:V@WN9<;@8:E@TUJL9<;@?BV�='JU?BWQ?BV�Ö(E@W\8:�X�X?BV@;`83V@b�8:� Ó±?BJLWN~@JL?BT
='?BW.��TUJaZnJUV��n½�JU?YF zE@A4=@JU?���AQMRT z8:AQE@V@b/WQ?BJUWQ�>O:TUOPbPJLWN9<;@?IA�Ó±?IOPS`8:9<;[KNE@V@bP?IV�JLV^Ï`A\83bP?�M3OP�>�X?BV'=@?BV¤]_;`8��
WQ?BV zE'S1?IANb z8:V'bP?{M3OPV@V[K\?IVdJLV�Æ"O�9<;'=@ANE@9<MP���%ó�~�?BAQJU�X?BV[K\?IV¼E@V[K\?IANWNE'9<;RK y ?IAN=@?IV��
½�?IA zÂ"S1?IANb[83V@b{Z:OPV^?BJLV@?BA��nK\AQE@M[K\E@A4JUVX?BJLV@?�8:V'=@?BAQ?6�`V@='?IK�V'JU9<;[K�83S@ANE@~�K�WQK\83KNK x WNOPV@='?BANV}M�8:V'V�WNJL9<;
zE'S1?IA^?BJLV@?BV��X?B;@AQ?BAQ?¼GB?I;@Vá��JLTUOP�X?IKN?BA�E@��F�8:WNWQ?BV@='?BVáÓ±?BAQ?BJL9<;�?BANW�K\AQ?B9<M:?IV c�e
g�gBhjiak:l�mnoækRqUp wvx =@?IA
WQ?BJLWN�XJUWN9<;�?IJUV@?XÁ
A\8:='JU?BV[KN?BV@WQ9<;@JU9<;[K{=`8:ANW�K\?ITUTLKB�1Ë�?IANWN9<;'JU?B='?BV@?>Ï�8:M[K\OPAQ?BV x(y JL?´?IK y 8�=@8:W
Ë�?BAN; z8:TLKNV@JUW
|�b e Ï`?{On=@?IA�=`8:W"Ë�OPAN;@8:V@=@?IV@WN?IJUVdZ:OPVd÷Ø8:WNWQ?BA�JL�ç��TUJLZnJLV�����ZnW�K\?B� cHG:�ùÓ���÷ØOnO�=Ãc ��ñ:ñ�� w�� Ï`E��QJLW\8 y 8
c ��ñPñPò wNwvx ;`83S1?IV}=`8:S�?BJ1��JLV'Ô`E@WQW�8:E'FD='JU?�½�JL9<M:?6=@?BA zÂ"S1?IANb[83V@bPWNGIOPV@?3�'��S�?BA±8:E@9<;¤Ó±?IWQK\8:V@='KN?BJUTL? x =@JU?
V'JU9<;[KXE@V@�XJLKNKN?BTLS`8:A/83V¾=@?IA�Þ�AN8:V@WQFHO:AN�>83K\JLOPVÃS�?IK\?IJUTLJUb:K�WNJUV'= x M zOPV@V@?IVß=@JL?�| z8:9<;[K\JLbPM:?IJLK�=@?IW�]_;`8��
WQ?BV zE'S1?IANb[8:V'bPW6S�?B?IJUV'Ô@E@WNWQ?BV��
768:9<;'FHOPTLbP?BV'=�WNOPTLT±?BJLV zÂ6S�?BAQS@TUJL9<M zE@S�?BA´='JU?^S�?BM�8:V@V[KN?BV¾½�JUWNM3OPV[K\JLVnE'JLK z8�K\?BVØE@V@=à=@?BAQ?BVà� zOPbPTUJL9<;@?BV
Â"ANWN8:9<;@?BV�JUV�ÊY?BJU;'?BV'FHOPTLbP?�GIE@V@?B;'�>?IV@=@?BA6Þ�JU?vFH?
bP?BbP?IS1?IV y ?BAQ=@?BV(�

è~é_ê~é¾ë ìîí@ïÓð[ñ«òôó
õ
öÓ÷<ðÐòôó
÷ z83;@AN?IV@=¤=@JU?�M3OPV[K\JLV@?BV[K<83TU?
�
ANE'WQK\?
O3FjK\�>8:TUW�M:OP�X~@TL?vó�?,�nK\AQE@M[K\E@AQ?BV�8:E'F y ?BJLWQKYE@V'=}AN?Bb:JUOPV`83T(=@E@AQ9<;
='JU?xø�ùÐú�û(ü�ý�þ�ÿ������ ùÐú�����ú
	�� �
�ü��6JUV �
S�?BA���E@V'=�Â6V[K\?IANMRANE@W�K\?�E@V[K\?IAQKN?BJUTaK�JLWQK�c��
?³8:AQ?»Z�E@V@=¼Ë�JLV@? x ��ñPñP� wvx
y ?BJLWQK
='JU?�O:GB?³83V@JUWQ9<;@?´�
ANE@W�K\?/�X?BJLWQK6M:?IJUV@?/�XJLK �Y) V`839<; y ?BJLWNS`83AN?BV�JUV'V@?BAQ?BV���9<;'JU9<;[K\bPAQ?BV@GI?BVÀ8:E'F��
�n?B=@JL�>?IVRK\8:S@TU8:bP?BAQE@V@bP?IVßM zOPV@V'?BV��Q?I=@O�9<;�W�K<8:AQM:?�OPS1?IAQÔ z839<;@?BV@V@8:;@?¦�
OPV[ZP?IANWQJUOPV@?IV�?BAQGB?BE'bP?BV��±½�JU?
='E@AN9<;@WQ9<;@V@JaKNK\TLJU9<;@?�| z8:9<;[KNJUbPM3?BJLK�=@?IA���AQE@WQKN?YS1?vK\A z83b:K�9³8'�RÝ � MR� JLVXM3OPV[K\JLV@?BV[K<83TU?BVXE@V@=>9³8'� ì MR� JLV
O:GB?³83V@JUWQ9<;@?BV^Á�?IS@JU?vK\?BV(�R½�JU?��5ù���ù�ANE�FjK zE'S@TUJL9<;@?BA y ?IJUWN?"?BJLV@?YWN?I;@A±83E@WNbP?I~@A z83b:K\?"�
OPV[ZP?IANWNJLOPV�;'?BAQZ:OPAB�

è~é_ê~é_ê ���¾ò����Ïñ«ö���ðÐõ
ö��÷<í òôó���� ð[ñ öÓòôó���ð«õ
ö��÷<í òôó��! í ò�ó�"Gò
Õ�V'V@?BAQ;`8:TUS>=@?BA4M:OPV[KNJUV@?IVRK\8:TU?IV^C.JLKN;@OPWQ~@; z8:AQ?6WQJUV@=>AN?Bb:JUOPV`83T`~1OPWQJLKNJLZP?6Á
?BWQ9<; y JLV@=@JLbPM:?IJLK\WQM:OPV[KNA\8:W�K\?�JLV
ò Ü�� � Ü:Ü^Mn�õÞ�JL?IFH?�c$#pü!% &'�Ïþ ÿ�� �
� ù�ú�����ú
	�� ���ü�� w S1?IOPS`8:9<;[K\?vK y OPAN='?BV��ÒÆ�83TU?BW>c ��ñP�Pñ w ?BANMRT z8:AQK,=@JL?BWN?IVÃÁ
?v�
WQ9<; y JUV@=@JLbPM:?IJLKNW\8:V@W�K\JL?Bb�E'VRKN?BA"=@?BV�GB?IV[K\A\83TU?BVdÂ����*�XJLK�?IJUV@?I� zÂ6S�?BAQb[8:V@b�ZPO:V¦��~@JLV@?BTLT�JUV�Á
A\8:V@83KQ�
]Ò?BAQJU=@O:KNJLKB� z�6;@V@TUJL9<;@?�Ó4?BOPS`839<;RKNE@V@bP?IV�JLV�ZP?IANbPTL?BJL9<;nS@8:AN?IA�Þ�JU?vFH? y E@AN='?BV¤G:� S¤JU� ��AN8:S@JUWQ9<;@?BV��n9<;@JUTL=
E'V@=äJL� M�8:V`8:=@JLWN9<;@?IVâ��TU8³ZP?��
A\83KNOPVåb:?B�>8:9<;[K³�YÕ�� ?BAQWQKN?BVâÏ�8:TLT y E@AN='?À?IJUV@?¦Ë�?BA z8:V@=@?IANE@V'bß=@?IA
E'VRKN?BAQ?BVøC.JLKN;@OPWN~'; z8:AN?�=@E@AQ9<;ø|�?vK<8:WQOP��8�K\OPWQ?¼8:TLWX� zOPbPTLJU9<;@?��_ANMRT z8:ANE@V'bÀZPO:ANbP?IWN9<;@TU8:bP?BVâcf�'8:V'='ZPOPT
�v� t iaq x ��ñPñPò wôx:y{z8:;@AQ?BV@=�JUV>�,83V`8:=`8 y ?IbP?BV�=@?BW±8:E'FjK\AQ?IKN?BV@=@?IV^]ÒOPTö8:AQJLK z83K\W y ?I9<;@WN?ITUW±?IJUV@?Y�6V@JUWQO:K\AQOP~1?
�n9<;@JU9<;[K�8:S@bP?ITU?BJaK\?vK y E@AN='?^c�Ó±OPWQKNO�9<M x ��ñ:ñPò w �
½�JL?{M3OPV[K\JLV@?BV[K<83TU?/C.JaK\;@OPWQ~@; z8:AQ?�;`8�K�?IJUV@?{=@E@AN9<;'WN9<;@V@JaKNKNTUJU9<;'?´½�JU9<M3?{ZPO:V �P� Ü>MR� x JLVdMRA\8�K\OPV@JLWN9<;@?IV
Á
?BS'JU?IKN?BV�S@JLW�GBE ��� Ü�MR���³Þ�;�ZnS1O"E@V@=,]�?IAN9<;RE�`9�c ��ñ:ñ[ì w ;`83S1?IV,='JU?_C.JLKN;@OPWQWN~@; z83AN?BVn����W�K\;@?IV@OPWQ~@; z8:AQ?BV��

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ä � �
	��_
� �"!vun���
��� 	xw�ygz±	xw �
���ã���6�
�

Á�AQ?BV@GI?{c�JU� Ï`OPTUb:?BV@=@?IV�8:TUW)(.e�îÀS1?IGB?IJU9<;@V@?vK w JLV´WN?BJLWN�XJUWQ9<;@?BV>½
83K\?IV´JUV´Þ�JL?IFH?BV´Z:OPV ñ Ü�� � Ä:Ü�MR� 8:TLW
WNOPb:?BV`8:V'VRKN?�*P��þ ÿ�� �
��ùÐú�����ú
	�� � �ü���JU='?BV[K\Ja�`GBJL?BAQKB�'½�JL?6V@8:9<;¤E@V[K\?BV¤83V@WN9<;@TLJU?IæP?BV@='?
��WQKN;@?BV'OPWN~@; z8:AN? y JLAN=
?BAQMnT z8:AQK�=@E@AQ9<; � ��Ý Ì ~`8:A�K\JL?BTUTL?BA���9<;@�X?BTLGB? x ;@?BA�ZPOPAQbP?BAQE'FH?BV�=@E'AN9<;�=@JU?{��V@V z8:;@ANE'V@b}=@?BA�JU� |d8:V[K\?IT
ZPOPAQ;@?BAQANWQ9<;@?BV@='?BV�ÞÒ?B�X~1?IA\83KNE@A�8:V�=@JU?´��OPTUJL=@E@W���ÞÒ?B�X~1?IA\83KNE@AB����JU?´JLWQK
bP?IM:?IV@V@GB?IJU9<;@V'?IK/='E@AN9<;�;@?BA��
8:S@bP?IWN?vK\GIKN?/Á
?BWQ9<; y JUV@=@JLbPM:?IJLKN?BV x V@JL?B=@AQJUbP?6Ë�JUWQM:OPWQJLK z83K x ;'OP;@?
?BTL?BM[K\AQJUWQ9<;@?,CD?IJLKQF z8:;@JUb:M:?BJaK�E@V'=�W�K<8:AQM:?
½ z8:�X~'FHE@V@b@�
Õ�VÃOPGI?³8:V@JLWN9<;@?IVàÊ"?IbPJUO:V@?BV�F zE@;@AN?IVÃ; zOP;'?BAN?>Þ�?I�>~�?BAN83K\E'AN?BVØGBEÃ?IJUV@?IA/8:E@WQbP?B~'A z8:b:KN?BV�C.��Ó xÒy ?BTL9<;@?
;@JU?IA�JUVd=@?BA�ÊY?BbP?IT%8:TLW,+-	��.&�ú
/�&�û10�þ ÿ�� �
��ùÐú�����ú
	�� � �ü���S1?IGB?BJL9<;@V@?vK y JUAN=(�1Ë�?BAQWN9<;@JL?B=@?IV@?�WN?IJUWN�XJUWQ9<;@?´Ó±?ô�
OPS`8:9<;[KNE@V@bP?IVác�Ó±On9<M x ��ñ:ñ'� � ÊY?IZP?IV`8:E@b:;�E@V@=à��JL~@MRJUV x �³ñPñ�� � ]�8�ZnTL?BV@M3OÇZ38 x ��ñPñP� � Á,8:;'?BAQKÏZ��v� t iaq x
��ñPñPñ 8 w ?IANb[83S1?IV�| z8:9<;[K\JLbPM:?IJLKN?BV´G y JLWN9<;@?IV � Ü�E@V'= ñ Ü�MR�âF zE@A®O:GB?³83V@JUWQ9<;@?�C.JLKN;@OPWN~'; z8:AN?3�:]_TLOP�>?IANO�Z `8
�v� t iaqDc�Ä:ÜPÜ[Ä w 8:WNWQOPGBJLJU?BAQ?BV¤=@JL?
C.��Ó��>JaK�?IJUV@?I�·÷À?B9<;@WQ?BTD=@?BA��6V@JUWQO:K\AQOP~@JL?�ZPOPV]��S�?BAQÔ z8:9<;@?BV y ?BTLTU?BV
E@V@=�TU?IJLK\?IV¤;@JU?IA\8:E@WYÞ�JL?IFH?BV¤G y JUWN9<;'?BV � Ü´E@V'= ì Ü´MR�ë8:S(�
Á
?B� z8:æ^='?BA
��V'V`8:;@�X? x =`8:WNW
='JU?´C.��Óâ=@E'AN9<;�=@JU?�Þ�?I�>~�?BAN83K\E@A�M:OPV[K\AQOPTUTLJU?IAQK y JLAN= x JUW�K
?BJLV@?�Ë�?BA��
=@JU9<MRE@V'b�=@?IA±C.JLKN;@OPWQ~@; z8:AQ?"�XJLK�GIE@V@?I;@�>?IV@=@?IA��_V[KNFH?BAQVRE@V@b�Z:OP� OPGB?B8:V@JLWN9<;@?IV}Ê zE'9<M:?BV�GBE�?IA y 8:AQKN?BV
c�Ï`OPAQW�ZRK\; x ��ñ[ì�� w �1Á
?BbP?IVRKN?BJLTUJUb:?{Ó4?BOPS`839<;RKNE@V@bP?IV>�Q?B=@On9<;¼TU8:WNWQ?BV�Ö y ?BJaFH?BT�8:Vd=@?IA�AQ?BJUV�K\;@?IAN�XJUWQ9<;@?BV
7�83KNE@A}=@?IA¤Á�E�K\?BVRS�?BAQb3��½�JLWNM:O:VRKNJUVRE@JaK z83K^8:E'FHM:O:�>�X?BV��4Þ®8�K\W z839<;@TUJL9<;á?IANb[83S1?IVøCÒ83S1OPA�ZP?IANWNE'9<;@?À�XJLK
~`8:A�K\JU?ITUTL?BA±��9<;@�X?BTUGI?
JUV}]Ò?BAQJU=@O:KNJLKN?BV}M:?IJUV@?
WQJUbPV'JL�`M�8:V[K\?IV}�gW(?IM[K\?�JUV^='?BV¤OPS�?BV¤8:V@b:?IF zE@;@A�K\?IV�S�?BO:S��
8:9<;[K\?vK\?BVd~@;�Z�WQJUM�8:TLJUWN9<;'?BV���JLbP?BV'WN9<;`83FjKN?BV�=@?BAY�6WQK\;'?BV@OPWQ~@; z8:AQ?:�
��8:A\83KNO�E@V'=32:E@V@b¤c ��ñPñPò w F zE@;@AQ?BV}=`83W±��E�FjK\AN?vK\?IV}=@?BAYÁ
E'KN?BVRS1?IANb3��½�JUWQM:OPV[K\JLVRE@JLK z83K48:E'FDJU� |�8:V[K\?BTÉ�
bP?BW�K\?IJUV�?IV[K\;`8:TaK\?IV@?BW�÷Ã83WNWN?IA4GIE@A zE'9<M���Ó±?IJ�ÞÒ?B�X~�?BA\8�K\E@AQ?BV zE'S1?IA � ÜPÜPÜP�<¿ÑM:OP�X��K�?BW�GBEXFHA\8:M[KNJUOPV`83TU?BA

a) b)
Schmelzanteil Wassergehalt Schmelzanteil Wassergehalt

Í�Î>ÎWÏÑÐ¹ÒËÓEÔ?Õ øâ×�ø?Ù5-�á5ã9Þ5õjÛXÝ�ÏÑÜ5á5ã9ÞrÚhÛXå'Ü5Ý¨Þ5Ð�Ð¥ÓEÔ?Õ ÒâÞ5Ü540éËågÕâÛËÔ?ÕXÜ}ÒâÞ5åzßEÛËå5Ý�ÏgÞWÐÑÐ�Þ5Ô�-�áWãâõ¦Þ5Ð76>Þ7ÛËÔÒâÞ5åb|NÓ9Ý¨Þ5Ô2Î.Þ5ågÕXíSÚ¡Ï�Ü.èËéËÔ\Ý�Ï�Ô0ÓEÏ�Ý98ÛXÝS×YÛ4êrÐïÛËÔ�ÕËÜ5ÛXõjÞWå -�á5ã?õjÞWÐ�6�ß�å�é
6>Þ5Ü'ÜòÓEÔ�Ò
Ð¹ÛËÔ?ÕXÜ5ÛËõ¦ÞzÍ�ÎWÔ�Ûkãâõ¦ÞÒâÞ4Ü � ÛkÜ'Ü:Þ5ågÕ?Þ5ã�ÛËÐïÝ¨Þ4Ü�Î'Þ5Ï�î	å4åbÞ5Ïgá5ãEÞWÔ}ÒâÞ4ÜäÝ�å]é>á5èXÞWÔ2Þ5ÔI-�éËÐ�Ï�ÒXÓ?ÜW×�Î�ê:40éXå]ÛËÔ�Õ?Þ4ã9Þ5Ô�ÒâÞ¡ç4å]ÛËèkÝ�ÏgéËÔ�ÛËÐ�Þ
-�á5ãâõ¦ÞWÐ�6BÞLç 8Ó�ãâå5Ý-65ÓrÞ5Ï�Ô2Þ5åyÛ?Î5å4Ó>ß)Ý¨Þ5Ô54\ÞWå.å4Ï�Ô?Õ?ÞWå.ÓEÔ?ÕzÒâÞ5Ü � ÛkÜ.ÜWÞWå�Õ�Þ4ã�ÛËÐïÝ¨Þ4ÜY;�ÛËÓ�ÜWÙ�/YÛËå�ÛXÝSé�ÓEÔ�Ò
; ÓEÔ?Õ�;$4����
)5ê.êË×

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



uR� �'��ê'� 
 ê@� 
 ê�Ù%���ø� 
 ê � � èÚ Ò
�èYwÒ
� ÜÛ	Ý � è Ä �

�n9<;@�>?ITUGI? x%y ?BTU9<;'?�=@?I� Á�?IWQKN?BJUV�÷Ø8:WNWQ?BAX?BV[K\GIJU?I;RKB��½
8:�XJLK/?IAN; zO:;RK>WNJL9<; y JL?B=@?IANE@� =@JU?���O:TUJU='E@W��
ÞÒ?B�X~�?BA\8�K\E@A x WNO¦=@8:WNW/='?BA���9<;'�>?ITUGB~'ANOPGI?BWNW�VRE@A/TU8:V@bPWN8:�õZPOPAN8:V@WQ9<;@AN?IJLK\?vK³�_½�JL?BWQ?BA´|�?B9<;`8:V'JUWN��E@W
=@8:E@?BA�K_S@JLW%GBE@� �_ANAQ?BJU9<;'?BV�=@?BW%KNANOn9<M:?IV@?BV���OPTLJU=@E@W�8:V x�y O�?IW%=`8:V@V´GIE�~`8:AQKNJU?ITUTU?IA���9<;@�X?BTUGI?�M:O:�>��K
c�e
g�gBhjiak:l�mnoÚkRq(k w ��½�JL?6Þ�JL?IFH?"=@?BA±C.��ÓßJLWQK�;@JU?IANS�?BJ�V@JU9<;[K�8:S@; z8:V'bPJUb�ZPOP� �6TLK\?IA x WNO:V@=@?BAQV^ZPOP� ÷Ø8:W��
WQ?BAQbP?B;`83TLK"E@V@=�=@?B�ÈÏ®TUJL?BæP�X?B9<;`83V@JUWQ�/E@W�=@?IW6|d8:V[K\?ITU�>83K\?IANJö83TUWB�
Á�8:;@?IAQKÏZ��v� t iaq%c ��ñPñPñ 8 w ;`8:S�?BV¼S�?BOPS@8:9<;[K\?IK x =`83WNW�=@JL? y ?BW�K\TLJU9<;@?{~@;@JUTLJU~@~'JUV@JLWN9<;@?,]_Tö83KQK\?,=@JU9<M3?BA6JUWQK
83TUW�='JU? y ?BWQ?BV[K\TLJU9<; z8:TaK\?BAQ?d~`83GBJL�@WN9<;@?�]_Tö8�KNK\?3���nJU?dWQ9<;@Tö83bP?BV�?IJUVø|�On=@?ITUTYZPOPA x JUVß=@?B� =@JU?�Þ�JU?IFH?
='?BA
C.��ÓäZ:OPV¦=@?IA2��E@?BTLTLK\JL?IFH?,=@?BW,|�8:bP�>8:W�8:� OPGI?³8:V'JUWN9<;'?BV�Ê zE'9<M:?BV�S�?BWQKNJU�X��K y JUAN=(�(½�JL?{ZPO:Tö8��
KNJUTL?BVÃÓ4?BWQK\8:V@='KN?BJLTU?�='?BW�|d83VRKN?BTL��83KN?BAQJö8:TLW y´zE'AN=@?IVÑ=@8:V`8:9<;�JLVØ=@JL?}��9<;@�X?BTLGB?^?IJUV[K\AQ?IKN?BV�E@V@=�?IJUV@?
83S@bP?BAQ?BJL9<;RKN?BA�K\? x KNANOn9<M:?IV@?�Ê"?IWNJU='E`8:TUWQ9<;@JU9<;[K�c�Æ�8:AQGBS@E@AQbPJLK w GBE'A zE@9<MRTö83WNWN?IV x =@?IAN?BV¾Â6V[KN?BANb:AN?BV'GB?¤=@JU?
Á
E'KN?BVRS1?IANb3��½�JUWQM:OPV[K\JLVRE@JLK z83K�=`8:AQWQKN?BTUTaK³�

è~é_ê~é§è ���¾ò��Ýò�ö=<Î÷"ó
ó��>�?�´ð�@)��óiñA�¾ó:ï=�_ñB�÷pñ
½�JL?DCE&>�
F3ü[ú�ú\þ�ÿ������ ùÐú�����ú
	�� � �ü��,M3OPV@V[K\?¤�XJLK,ZP?BAQWN9<;@JL?B=@?IV@?BV¾WN?IJUWN�XOPTLOPbPJUWQ9<;@?BV�|�?IKN;@O�='?BV�JUVØÞ�JU?IFH?IV
E'� Ä � Ü¾MR� =@?IKN?BM[K\JL?BA�K y ?BAN='?BV x E@V@MRTö8:A�JUW�KdS'JUWNTU8:V@b¼�Q?B=@On9<; x OPSäWQJU?�bPTUO:S`8:T
?vó�JLWQK\?IV[K¦JUW�K³�"½�JU?
; z8:E'�`bPW�K\?IV*Ó±?BOPS@8:9<;[K\E@V@b:?BV*=@?BA¼CD?I;@�>8:V@V���½�JUWNM3OPV[K\JLVnE'JLK z8�K�W�K<8:�X�X?BVã83E@WdM3OPV[K\JUV'?BV[K<8:TL?BVâOn=@?BA
Õ�V'WN?BTLS1O:bP?BV���Ê"?IbPJUO:V@?BV^c�C.?B;@�>8:V@V x ��ñ��:ñ x ��ñP�'� � ÊY?IZ:?BV`83E@bP;´E@V@=�2:O:AN=`8:V x ��ñ:ñ'� � Ê"O:WQK x Ä:ÜPÜ:Ü � ½�?BE@WQW
E'V@=d÷ÀO�On=@;@OPE'WN? x Ä:ÜPÜPÄ w ���_JUV@?{V@?BE'?BAN?/Â6V[K\?IANWNE'9<;nE'V@b}ZPOPV¦MRE@AQGB~�?BANJLO�='JUWN9<;'?BV¦½
83KN?BV¼TLJU?vFH?BAQK6Æ"JUV��
y ?BJLWN?�8:E'F�?IJUV@?�CD?I;@�>8:V@V���½�JUWNM3OPV[K\JLVnE'JLK z8�K�JUV�?IK y 8�Ä:ÜPÜ¤Mn�ÅE@V[KN?BA/=@?I�ÅV@OPAN= y ?IWQK\TLJU9<;@?IV�]®83GBJL�@M��
�RK<8:AQM:?±MRTL?BJUV'A z8:E@�XJUb:?_Þ�JU?IFH?IV[Z:83ANJö8�K\JUO:V@?BV�M zOPV@V[K\?IV´=@JU?4Â6V'WNJU9<;[KNS`8:ANM3?BJaK%=@?IA®C.?B;'��8:V'V�JUV,Tö83V@bP~�?BANJLO3�
='JUWN9<;'?BV¼½
8�K\?BV¤?IANMRT z8:AQ?BVØc�ÊYOPWQKYE'V@=�÷À?BS�?BA x Ä:ÜPÜ � w �
Ö(E'A4Â"ANWN8:9<;@?�=@?IA±C.?I;@��83V@V>b:JUS'K�?BW�E@V[K\?IANWQ9<;@JU?I=@TUJL9<;@?��6V@WNJL9<;RKN?BV��nÞ�;�ZnS1O/E'V@=^]Ò?BAN9<;RE�`9´c ��ñPñPì w JUV��
KN?BAQ~@AN?vK\JU?IAN?IV�WNJL?"8:TUW_=@JL?YE@V[K\?BAQ?
Á
AN?IV@GB?"=@?BA��6WQK\;'?BV@OPWQ~@; z8:AQ? xny JU?�FHA zE@;'?BA�8:TUTLbP?B�X?BJLV´8:V@b:?BV@OP�X�X?BV��
��8:AN83K\O}c ��ñPñ Ä w ='?BE'KN?IK�WQJU?
8:TLW±�6E@WN=@AQE@9<M�='?BA.��ANJL?BV[K\JL?BAQE@V@bPW z8:V@=@?IANE@V@b´='?BA.��TUJaZnJUV@MRANJLWQK\8:TUTL?�JUV'FHOPTLbP?
Z:?BA z8:V@=@?IAQK\?IA/½�?vFHOPAN�>83K\JLOPV@WQ�>?I9<;`8:V@JLWN�X?BV�� z��;@V'TUJU9<;À8:AQbPE@�X?BV[K\JL?BAN?IVÀÁ,8:;'?BAQKÏZ¾�v� t iaq4c ��ñPñ:ñ 8 wvx =@JU?
?IS1?IV'F�8:TLTUWYZPOPV¼?IJUV@?IA6�X?B9<;@8:V@JUWQ9<;@?BV�Á
AN?IV@GBWQ9<;@JU9<;[K�83E@WNbP?I;@?BV¼Z:?BAQS@E@V@=@?IV¦�>JaK"=@?B�ëË�?BAQWN9<; y JUV'=@?BV
AN8:=@JU8:TU?IA"�6V@JUWQO:K\AQOP~@JL? x E@V@=¦]_TUO:�>?IANO�Z `8��v� t iaq_cfÄ3ÜPÜ[Ä wôx ='JU?�JLVd=@?IA
C.?B;@�>8:V@Vd?BJUV'?BVd÷À?B9<;@WQ?BTHG�?IJUV��
b:?IFHANO:AN?BV'?BAJI³��V@JLWNO:KNANOP~@JL?
E@V@=�8:M[K\E@?ITUTL?BA�WN~@8:V@VRE@V@bPWQS1?I=@JUV'b:K\?IA6�6V@JUWQO:K\AQOP~@JU?�WN?B;'?BV��
�_JLV@JUbP? y ?IV@JUb:?´Ó±?BO:S`8:9<;[K\E@V'bP?BV y ?IJUWQ?BVÀ8:E'F�?BJLV@?/� zOPbPTLJU9<;@? y ?IJLK\?IAN?�Á
AN?IV@GBWQ9<;@JU9<;[K,E@V[K\?IAN;`83TUS¦=@?IA
C.?I;@��83V@V}JUV�Ä � Ü���Ý � Ü{MR�ÐÞ�JL?IFH?�;@JLV x ='JU?
8:TLW�Kpþ�ÿ������ ùÐú�����ú
	�� � �ü��4S�?BGB?IJU9<;@V'?IK y JUAQ=�c�ÊY?IZP?IV`8:E@b:;�E'V@=
2:O:AN=`8:V x ��ñPñ'� � ÊY?IZ:?BV`8:E'bP;�E'V@=���JU~@MRJLV x ��ñ:ñ�� w �nÕ�;@AQ?��%ó�JLWQK\?IV@G�JUW�K��Q?B=@On9<;¤E@�XWQK\AQJLKQK\?BV(�'��TLW�� zOPbPTUJÉ�
9<;'?��_AQMnT z8:ANE'V@b�M z83�>?}?IJUVÑ]_;`8:WN?IV zE@S�?BAQb[8:V@b�=@?BW>��J(� Ù Z:OPV¾¿±O�?IWNJaK�GBEß�nK\JLWN;@O�ZnJLK´JLVÑÏ�AN8:bP? x�y ?BTa�9<;'?BA��Q?I=@O�9<;¦VRE@A6JUV¼|r�
Ê6Ó����
OP�>~�OPWQJLK\JLOPV y 83;@ANWQ9<;@?BJLV@TUJL9<;¼JUW�K³����TLKN?BAQV`83K\JaZ y{z8:AN?{?BJLV@?�ÞÒA\8:V'WNJLKNJUOPV
='?BW"¿�8���8:AN�X?BV}]gZnANO³ó�?BV}Z:OPV]�
A�K\;@On?BV'WQK<8�K\JLK±GBE¤�
TUJLV@On?BV@W�K<83KNJLK�� zO:bPTUJL9<;¦c�½�?IE@WNW±E@V@=^÷ÀO�On=@;@OPE'WN? x
Ä3ÜPÜ[Ä w �

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ä � �
	��_
� �"!vun���
��� 	xw�ygz±	xw �
���ã���6�
�

è.é_êiéML �?�´òON ÷"óiñÐòQP��ï=R=òôíTS�÷"ó�S�ð�"U��óÓò
½�JU?Ñ|d83VRKN?BTaK\A\83V@WNJaK\JUO:V@WNGIOPV@?åc�JL� Ï`OPTUb:?BV@=@?IV 83TUWØ� 0UV S�?BGB?IJU9<;@V'?IK w¼y JUAQ= 83TUW zÂ6S�?BAQb[8:V@bøZPO:�
OPS�?BAN?IVàGBE@� E@V[K\?IAN?BVß|d8:V[KN?BT�8:V'bP?BWQ?B;@?IV�����JL?^JUW�K/bP?IM:?BV'V@GB?IJU9<;@V@?vK�='E@AN9<;à?BJLV@?}ÊY?BJL;@?�ZPO:Và]�;@8��
WN?IV zE@S�?BANb z8:V@bP?IV x`y ?ITU9<;@?,S1?IV`8:V@V[K"WNJLV@=¤V`8:9<;�=@?BA�='E@AN9<;@WQ9<;@V@JaKNK\TLJU9<;@?IVdÞ�JL?IFH? x JUV¤=@?BA�WQJU?�8:E�FjK\AN?vK\?IV��
½�OP�XJUV`8:V[K�WQJUV@=À=`8:S�?BJ�=@JU?X]_;`8:WQ?BV[K\AN8:V@WQJLK\JLOPV@?IVØ=@?IWÚ��TUJaZ�JLV����n~@JUV@?ITUTÉ����ZnWQKN?B�XW x�y ?ITU9<;@?>E@ANW z8:9<;@TLJU9<;
WNJLV@=�F zE'A�=@JU?
=@AQ?BJDS�?BM�8:V@V[K\?IVd½�JLWNM3OPV[K\JUVRE@JaK z83KN?BV¤JUV �@� Ü x � Ä:Ü´E@V'= �P� Ü�MR�ÈÞ�JL?IFH?��
½�JU?XWZYA[�\�þ]�>F^Wºþ ÿ������ ùÐú����²ú
	�� � �ü�� y JLAN=àGBE@A zE@9<MRbP?IF zE';@AQK�8:E'F�=@?BV¾]_;`8:WN?IV zE@S�?BAQb[8:V@bÀ=@?BW0��TUJaZ�JLV�JUV�=@JL?
_ ��]_;`8:WQ? x@y ?BTU9<;'?BA"WNJU9<;�JUV�½�A zE@9<M:?IVdE@� ��� Á�]®8�?BAQ?BJLbPV@?IK��

c�|�b x Ï�? w Ù �nJ9�a` b cf|�b x Ï`? w Ù ��J(��`��TUJLZnJLV�cdc.��]_;`8:WQ? w ÷Ø8:=@WQTU?�Z�JaK{c _ ���n~@JUV@?ITUT w
½�?BA # i tvï ��d�Î\��m`Í 5 iU� ï �X=@JU?IWN?BA}ÞÒA\83V@WNJaK\JUO:V y E@AN=@?¼F zE'A}?BJUV'?¦Þ�?I�>~�?BAN83K\E@A^Z:OPV ��� ÜPÜ��Å�XJLKfe�Ä x ñ
|d]®8 e � S�?BWQKNJU�X��K,c�Ó±JUV`8´E@V'=dÆ"?BTXW1ANJL9<; x ��ñ:ñ�� � C.?BS�?B='?IZÃ�v� t iaq x Ä:ÜPÜ[Ä w �`Ó±?IJ.?IK y 8 ��ò Á�]®8�½�ANE'9<M
M:OP�X��KY?IW6GIE@�ÈV z8:9<;'WQK\?IV¼]_;`8:WQ?BV zE'S1?IANb[8:V'b>ZP?IANS@E'V@=@?BVd�>JaK�=@?BA�WZg
h�\�þ]�>F^Wºþ ÿ������ ùÐú����²ú
	�� � �ü����

c�|�b x Ï`? w Ù �nJ9�a` b cf|�b x Ï`? w Ù ��J9�a`÷Ø8:=@WQTU?�Z�JaK{c _ ���n~@JUV@?ITUT w Ê"JLV@b y O�On=@JaK�cji`����~@JUV'?BTUT w
Ï zE@A/='JU?BWQ?^ÞÒA\8:V@WQJLKNJUOPV y E'AN=@?}JL� CD8:S�OPA{?BJUV # i tvï ��d�Î\��m`Í 5 iU� ï ��G y JLWN9<;@?IVke � E'V@=le � x Ý�|�]®8 e �
?BAQ�>JaKNK\?ITLK/cf¿±;@O:~1?ITö8:W x ��ñPñ�� � Æ"?BTXW1ANJL9<; x Ä3ÜPÜPÜ � ½�?BE@WQW
E@V@=¦÷ÀO�On=@;@OPE'WN? x Ä:ÜPÜ � w �1½�?BV�E@V[K\?IAN?BV��6S��
WN9<;@TLE@WNW�=@?BA�|�Þ"Ö¾S@JLTU=@?vK�=@JU?fWnm�m�\�þ]�>F^Wºþ ÿ������ ùÐú����²ú
	�� � �ü��ô�®½�JL?BWQ?Xb:?B;[K�GIE@A zE'9<MØ8:E�F�=@?IV�Ö(E@WN8:�>�X?BVn�
S@ANE'9<;d=@?IA��n~@JUV@?ITUTÉ���nKNANE@M[K\E'A�S1?IJ.9³8'��Ä3Ý x � Á�]®8Ð�

cf|�b x Ï`? w Ù ��J(��` b cf|�b x Ï`? w ��J(�
Ò e c�|�b x Ï�? w �
Ê"JLV@b y O�On=@JaK�cji`����~@JUV'?BTUT w ]�?IANO�ZnWNMRJLK |d8:bPV@?IWNJLO y zE'WQK\JaK

½�?BA # i tvï ��d3Î\��m`Í 5 iU� ï ��TLJU?Ib:K";@JU?IA6S�?BJÒ?IK y 8>��Ä>|d]®8 e � c�Ó±JUV@8>E@V@=¼Æ6?BT*W(AQJU9<; x ��ñPñ�� � ¿±OPTUTLJU?BA��v� t iaq x
Ä:ÜPÜ � � C.?BS�?B=@?vZÃ�v� t iaq x Ä:Ü:Ü[Ä w �
½�E@AN9<;¾=@?BVß�_JUWN?IV`8:V[K\?IJUT�JL� ��TUJLZnJLVÃ�`V@=@?IVß=@JL? zÂ"S1?IANb z83V@bP?¤bPA\83=@E@?BTLT�JUVà?BJLV@?BAX�
On?vó�JUW�K\?BV'Gv��Ö(O:V@?
WQK\83KNK,cHWNJL?B;@?�e
g�gBhjiak:l�mnoÝkRqUp wvx WNO´=@8:WNW�W�K\AQ?BV@b/b:?BV@OP�X�X?BV^?IJUV # i tvï ��d�Î\��m`Í 5 iU� ï ��V@JL9<;RK±=@?I�@V@JU?IAQK�JLWQKB�
½�JU?�½�JU9<M:?>=@?BW zÂ"S1?IANb[83V@bPWNS�?BAQ?BJL9<;@?BW y JLAN=ØGIE@=@?I� 8:E@9<;ÃZ:OPV�=@?IA/Þ�?I�>~�?BAN83K\E'A�WNO y JL?^=@E@AQ9<;Ñ=@8:W
��E'FjKNAN?vK\?BV�ZPOPVd��~@E'AN?BV'?BTU?I�>?IV[K\?BV�E@V@=¤÷Ã83WNWN?IA6S�?B?IJUV'Ô@E@WNW�K³�
��E@W�MRE@AQGB~�?BAQJUOn=@JUWQ9<;@?BV�½
83KN?BV y E@AQ=@?�?BJUV'?�| z8:9<;[K\JLbPM:?IJLK�='?BA=o �@� Ü�onZPOPV¤?IK y 8 � MR�Ð?BAQ�>JaKNKN?BTLK�c � 8Ç�
��83G³8:MRJ±E'V@=ÑÆ6JUAN8:;`8:AN8 x ��ñPñ�� � Æ6?ITXW1ANJL9<; x Ä:Ü:ÜPÜ wvx E@V@=à8:E'9<;Ñ='JU?Do �P� Ü�o�GB?IJUb:K´?IJUV@?^½�JU9<M:?>ZPOPV y ?v�
V@JUb:?BA
8:TLW � Ü^MR� c�¿�8:WQKNTU?/E@V'=Ã¿±AQ?³8:bP?IA x Ä3ÜPÜPÜ w ��CD8:S�OPAN?ôó'~�?BAQJU�X?BV[K\?�Tö8:WQWN?BV�JLV¦=@?BA�ÊY?BbP?IT%bPA zOPæP?BAQ?
| z8:9<;[K\JLbPM:?IJLKN?BVà?BA y 8:A�K\?IVäcH?IK y 8 ò � �³ñ MR� F zE@A�=`8:W´Ó±?IJUWQ~@JU?IT±=@?IA �@� Ü��sMR����½�JUWNM3OPV[K\JLVnE'JLK z8�K w ��½�JU?BWQ?
½�JUWQMnAQ?B~`83V@G�S`8:WQJU?IAQK4=`8:A\83E'F x =@8:WNW�='JU?"Þ�AN8:V@WQFHO:AN�>83K\JLOPV>V'JU9<;[K�TUJLV@?³83A��XJLK�=@?I�Ð½�AQE@9<M´ZPOPAN8:V@WQ9<;@AN?IJa�
K\?vK³�D½�?BA,Æ68:E@~'KQK\?BJLT%=@?IA{Â"� y 8:V@=@TLE@V@b¤bP?BWQ9<;@JU?I;[K�JLV�?IJUV@?I� AN?ITö83KNJLZ�?BV@b:?BVØÕ�V[KN?BAQZ38:TLT x WNO�=`8:WNW�=@JL?
?»W1?BM[K\JaZP?,Þ�AN8:V@WQJLK\JLOPV@WQ=@JU9<M3?,b:?BANJLV@bP?IA�?BANWQ9<;@?BJLV[K´c��nK\JÉó'AQE@=@? x ��ñPñ[ì w �

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



uR� �'��ê'� 
 ê@� 
 ê�Ù%���ø� 
 ê � � èÚ Ò
�èYwÒ
� ÜÛ	Ý � è Ä ì

Á
TU?IJU9<; y OP;@TÒS1?IJU=@?�½�JUWNM3OPV[K\JLVnE'JLK z8�K\?BVd8:TUW6bPTUO:S`8:TD?vó�JUW�K\?IVRK
8:V@bP?IWN?B;'?BV y ?IAN=@?IV x JLWQK6=@JU?po �@� Ü�o1�X?BJLWQK
y ?BWQ?BV[K\TLJU9<;>WN9<; y ?IAN?IA�V`8:9<;@GIE y ?IJUWN?IV}8:TLW_=@JU? �P� ÜÇ��MR����½�JUWQM:OPV[K\JLVRE@JLK z83K³���_JUV@?"Â"ANW\839<;@?6;'JU?BA�F zE@A_JUW�K�=@JU?
AQ?BbPJLOPV`8:T�WQK\8:ANM�ZPO:AN;`8:V'=@?BV@?}ÞÒOP~�OPbPAN8:~@;@JL?>=@?IA´½�JUWQM:OPV[KNJUVRE@JLK z83K x =@JL?�bP?IA\8:='?^JUVÃTU8:V@bP~�?BAQJUOn=@JUWQ9<;@?BV
½
8�K\?BVÀGBE�?IJUV@?IA{WQ9<;@TU?I9<;RKN?BAQ?BVß��JU9<;[K\S@8:ANM3?BJLK{F zE@;@AQ?BVøc�Ó±JUV`8�E@V@=�Æ"?BT*W(AQJU9<; x ��ñPñ�� � ¿±;@?IZnANO3K��v� t iaq x
�³ñPñPñ � Ê"O:WQK�E@V'=^÷Ø?IS1?IA x Ä3ÜPÜ[Ä w �'½�JL?qo � Ä:Ü�on;@JUV'bP?BbP?IV^JUW�K�VRE@A�Z:?BAN?IJUV@GI?BTaK�MRTö8:A4JU=@?IVRKNJL�`GIJU?IAQK y OPAQ=@?BV(�
��S@b:TU?BJL9<;>?IJUVXbPTUO:S`8:TU?IW_��E'FjKNAN?vK\?BV>=@?BW±]_;`8:WN?IV zE@S�?BAQb[8:V@bP?IW±V`83;@?BTLJU?Bb3K x:y JLAN=�=@8:W�bPTUOPS@8:TU?��6E'FjK\AQ?IK\?IV
?IJUV@?IA�½�JLWNM3OPV[K\JUVRE@JaK z83K,JLV � Ä3Ü�MR�ÅÞ�JU?vFH?>M3OPV[K\ANO�Z:?BANW´='JUWNMRE'KNJU?IAQK�cf¿±E@�X�XJUV@W^�v� t iaq x ��ñ:ñ Ä � Á
OPWNWQTU?BA
E'V@=��
JUV@= x ��ñPñP� � �n;@?³8:AQ?BA x ��ñ:ñP� � Á,83;@?BA�KÏZã�v� t iaq x ��ñPñPñ 8 w ��| zO:bPTUJL9<;@?�Â6ANWN8:9<;@?IV�F zE@A>='JU?¤?BJLV@bP?v�
WQ9<;@A z83V@M[K\?>½�?IK\?IM[K\JU?IANS`83ANM:?IJLK�TLJU?Bb:?BV¦GBE'� ?BJLV@?BV�JUV¦='?BA�½�JU9<M3?�=@?BA _ �ri`����On?vó�JLWQK\?IV@Gv��Ö(OPV@?�Z:OPV�9³8'�
Ý:Ü>MR� c�Á,83;@?BA�KÏZà�v� t iaq x �³ñPñPñ 8 w E@V'=¼GBE@� 8:V@='?BAN?IV¼JUV�=@?BA�Á�A zOPæP?,=@?BW # i tvï ��d3Î\��m`Í 5 iU� ï �<Ì x'y ?BTL9<;@?
W�K<8:AQM:?,Þ�O:~1OPb:A\8:~@;'JU?v���gW(?IMRKN?�;@?BA�ZPOPAQANE'FH?IVdM zOPV@V[K\?3��Ö(E@=@?I�ëS1?IANbP?IV�=@JL?
=@E@AQ9<;d=@JL?�½�?BM:O:VRZ:OPTUE�K\JUO:V
;'?BAQZ:OPANb:?BANE�FH?BV@?IV 5 h�kn�viU�:gv�<Ì�Z:OPV¤M:OPV[ZP?IAQKNJU?BA�K\?IV�]_;`83WN?BV�=@JL?
Á
?IF�8:;@A x F z8:TLWN9<;@TLJU9<;}83TUWao � Ä:Üso'JUV[KN?BAN~'AN?v�
KNJU?IAQKYGBE y ?BAN='?BV�c�Ó±On9<M x �³ñPñ�� w �
½
83V@?BS�?BV�M3OP�>�{K´?BW´JLVÃ=@JU?IWN?I� Þ�JU?vFH?BVRS�?BAN?IJU9<;àGBE�?IJUV@?IA y ?BJLKN?BAQ?BVÑ]_;`8:WN?IV[K\A\83V@WNJaK\JUO:V��%Ó±?IJ.% �³ò
Á�]®8^='JUWNWQOPGBJLJU?IAQK�¿�8P|�bR��J Ù ��tN��]gZnANO³ó�?BV¾c�½�JLOP~@WNJL= w JUV¦?BJLV@?�|�JLWN9<;RE@V@b�8:E'W,��~@JUV'?BTUT x �RK\JUWQ;@O�ZnJLK�E'V@=¿�8P��J9�ÓÒQ��]�?BAQO�Z�WQMRJLK/E'V@=ÃbP?I;RK�S1?IJi% ��ñ Á,]�8 zE@S�?BA{JUV�|�bR��J9�ÓÒQ�sÕ�TU�X?BV@JaK�E@V@=à¿�8P��J9�ÓÒQ��]�?BAQO�Z�WQMRJLK³�
½�JL? # i tvï ��d�Î<��m`Í 5 ���vhao:lnmno�TLJU?Ib:K%G y JUWN9<;'?BV^Ü
E@V'=���Ä
|d]®8 e � c�ÕsK\8�E'V@=>�nK\JÉó'AQE@=@? x ��ñPñ Ä � �
OPJLKNO��v� t iaq x
Ä3ÜPÜPÜ w ��½�E@AN9<;�=@JU?,M:OPV[KNA z8:AQ?BV�Ë�O:ANGB?IJU9<;@?IV¼=@?IA6S�?BJL=@?BV zÂ6S�?BANb z8:V@bP?,M�8:V@Vd?IJUV�TUOPM�8:TL?BA�ÞÒ?B�X~1?IA\83KNE@A��
E'VRKN?BAQWN9<;@JL?B=ÃGIEÀbP?IbP?BV'T z8:E'�@bP?BV�Þ�JU?vFH?BV z8:V'=@?BAQE@V@bP?IVÃE@V@=�WNOP�XJLK�GIEÀ?IJUV@?IA
Ë�?BANS'AN?BJaK\?IANE@V@b�On=@?BA�b[8:A
�6E'FHWN~@8:TLKNE@V@b�=@?BA"½�JLWNM:O:VRKNJUVRE@JaK z83K�F zE';@AN?IV�c�½�?IE@WNWYE@V'=�÷ÀO�On=@;@O:E@WN? x Ä:ÜPÜ � w �
Õ�V�=@?BV^|�JUV@?IA\8:TL?BV>=@?BA±|�Þ"ÖdWNJLV@=�?vK y 8{WN?B9<;'W���8:T`�X?B;'A�÷Ø8:WNWQ?BA4bP?BWQ~1?IJU9<;@?IAQK�83TUW�JUV>=@?BV8��GI?³8:V@?IV
c�|�E@AN8:M�8:�>J.�v� t iaq x Ä3ÜPÜ[Ä w �3Æ Ù ��;`83K%JLV@WNS�?BWQOPV@=@?IAN?Y�_JUV�Ô`E@WNW�83E'F�=@JU?uo �'� Ü�o x =`86=@JU? _ ��]_;`8:WN?±=@?BE'KNTUJL9<;�X?B;'A483E'FHV@?B;'�>?IV�M�8:V@V�8:TUW�=@JL?uc.��]_;`8:WQ?/c�Æ6?ITXW1ANJU9<; x Ä:ÜPÜPÜ � ¿±OPTUTLJU?BA"�v� t iaq x Ä:ÜPÜ � w �R½�JU?Y]_A z8:WN?IV@G6Z:OPV
÷Ø8:WQWN?BA���JUVXÏ`OPAN� Ô`E'JU=@?IA4Æ"O�9<;'=@ANE@9<MR~@;@8:WN?IV}�ÒF zE@;'AQK�GBE>?BJUV'?BA�Ë�?BANAQJUV@b:?BANE'V@b{='?BA zÂ6S�?BANbP8:V@bPW�K\JU?vFH? x
WQO y JU?�GIE�?BJLV@?BA z��V@=@?IANE@V'b¼=@?BA/½�JU9<M:?>=@?BW/��On?vó�JLWQK\?IV@Gv��Ó±?BAQ?BJL9<;@?BWI��÷ z8:;@AQ?BV@=Ã÷ÀOnO�=�c ��ñPñ�� w ?IJUV@?
Ë�?IAN=@JL9<MRE@V@b�?IA y 8:AQKN?IK x 8:ANbPE'�>?IVRKNJU?IAQK6¿±;@?IVà�v� t iaq®c�Ä:ÜPÜ[Ä w F zE@AY?BJUV'?BV¤bP?Bb:?BV[K\?IJUTUJLbP?BV¤�gW1?BM[K³�

7"?BS�?BV^='?BV^=@O:�>JLV@JU?IAN?BV'=@?BV���TUJLZnJLV���]_;`8:WQ?BVXM:OP�X��K�?BW±8:E@9<;^GIE zÂ"S1?IANb z8:V'bP?BV^JL� Á
A\8:V`8�KQ���[Z�W�K\?I���
Õ�VÑe
g�gBhjiak:lnmno kRq²ã¦WNJLV@=Ã=@JL?^]_;`8:WQ?BV zE@S�?BAQb z8:V@b:?}=@?BWÝ��TLJLZnJUV�����~@JLV@?BTLTa���[Z�W�K\?I�>W
=@?IV@?BV�='?BA/AQ?BWNJL=@E`8��
TL?BV�Ó±?IWQK\8:V@='KN?BJUTL?´bP?Bb:?BV zE@S�?BAQbP?BW�K\?ITUTLKB���_JUV y ?BWQ?BV[K\TLJU9<;@?IA{Ó4?BWQK\8:V@='KN?BJLT%=@?BA,|�Þ"ÖàJLWQK,|d8��QOPANJaK x ?IJUV@?
Æ"O�9<;'=@ANE@9<MR~@;@8:WN?/='?BW
Á
A\83V`83K"�>JaK�9³8�� � Ä Ì �XOPT.��TLE@�>JLV@JUE'� x =@JL?�JUV�?IK y 8 �[� Ü�� � ÜPÜ/MR� 8:E@W6]gZ[�
AQO³ó'?IV�cH��TÉ��;`8:TaK\JLbP?B� �_V@W�K<83KNJLK w E'V@=ÃÁ
A\83V`83KXc�]<ZnAQOP~ w ?BV[K\W�K\?I;RK^c�Õ�AQJLFHE@V'?��v� t iaq x ��ñPñP� � �
E@S�O�E'V@=
�6M�8:OPbPJ x Ä:ÜPÜ:Ü w �
|�8Ç�QOPANJaK_K\AN8:V@WQFHO:AN�XJU?BA�K_JUV�Þ�JL?IFH?BV�G y JUWN9<;'?BV^?vK y 8 �'� Ü�� �P� Ü�MR� JLVX='JU?�Õ�TU�X?BV'JLKQ���nK\AQE@M[K\E@A�cf��JL�>�XOPV@W
E'V@=ÀÁ�E@AQANOPTU8 x Ä:ÜPÜPÜ � Ë�8:9<;@?IA��v� t iaq x ��ñ:ñPò w E'V@=�bP?B;[K�JUV ì�� Ü�� ì Ä:Ü>MR� Þ�JU?IFH?´WQ9<;@TUJL?BæPTLJU9<;�JUV�8:TLE@�>JÉ�
V'JUE@�X;`8:TaK\JUb:?BVÀ]�?BAQO�Z�WQMRJLK zE@S�?BAI�%½�JL?BWN?IA zÂ"S1?IANb[8:V'b y JUAQ=�8:TUW{Â6AQW\8:9<;'?}=@?BAwv�h�\�þ��EF.þ ÿ������ ùÐú����²ú
	�� � �ü��
83V@bP?BWQ?B;@?IV��PÓ4?BJR;@OP;@?IV/ÞÒ?B�X~1?IA\83KNE@AN?IV{K\AN8:V@W�FHOPAN�XJU?IAQKÒ=@?BA®|d8Ç�QO:ANJLKÒ=@JLAN?IMRK�JUV{]�?IANO�ZnWNMRJLKYcfe
g�gBhjiak:lnmno

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ä ò �
	��_
� �"!vun���
��� 	xw�ygz±	xw �
���ã���6�
�

Í�Î>ÎWÏÑÐ¹ÒËÓEÔ?ÕÃøâ×±�\ÙYìNã�ÛËÜWÞ5Ô�8Ó0Î.Þ5ågÕB8ÛËÔ�Õ?Þ�ÏÑõ éâÎ.Þ5åbÞ5Ôeñ ÛËÔ\Ý¨ÞWÐï×�x¶Þ>Î'ÞWÔ ÒâÞ5ÔeìNã�ÛËÜWÞ5Ô$ÒâÞ4Üæ1	Ð¥Ï�ó>Ï�Ô0í
-[�kÜ4Ý¨Þ5õ¶ÜÚ;SÐ�ÏÑÔ0è>Ü¨ê{Ü.Ï�Ô�Ò�ë=Þ5Ï�Ý¨Þ5åbÞ 8y Î'ÞWå�ÕQ8ÛËÔ?Õ�Þ¦ÒâÞWå � Þ4Ü5Ý�èËéËõ�ßEéËÔ)Þ5Ô\Ý¨ÞWÔÜ;¨å�Þ'á5ã?Ý�Ü�êmÒ^ÛËågÕ?Þ5Ü4Ý¨Þ5Ð�ÐïÝS×~|�Þ5íß�ÓEÔ9èkÝ¨Þ:Ý¨ÞLæ ÏÑÔ\ÏgÞWÔlÕ�Þ5ÐïÝ¨Þ5Ô¶çA8ÓEå	ß2Ï�èkÐïébÕ^Ï�Ý�ÏÑÜ5áWãEÞ4ð_ÒËÓEå]áWãkÕ?Þz6:ébÕ�Þ5Ô2Þ¦Î$65ëR×àÕ?Þ4Ü5Ý�å.Ïgá5ã9Þ5ÐïÝ¨Þ�æ£Ï�Ô0ÏgÞWÔhçT8ÓEå	ß��Ëíå]éËÐ�Ï�Ý�Ï�ÜWá5ãEÞ3/YéËõ�ßEékÜ4Ï�Ý�ÏgéËÔ�×_éËÐ¹Ù��Éí�1	Ð¥Ï�ó>Ï�Ô9ðàß�ókÙ£ì�ÞWå]éËó>Ü'èkÏ�Ý�ð	õYëRÙ�ñòÛ:ÕXÔ2Þ5Ü.ÏgéËë,8Ó�Ü4Ý�Ï�Ý�ð�ß�{âÙ£ìg�Ëå�é�{?ÞWÔ9ðÕ^ÝSÙ<|Nå�ÛËÔ�ÛXÝ�ð	ÏÑÐ�õjÙàÊ.Ð�õjÞWÔ0Ï�Ý�;�ÛËÓ�Ü5Ù|40Ûâá5ãEÞWå-}�~)�����p;$4�����)5ê'ê

kRq²ã w �:½�JU? # i tvï ��d�Î\��m`Í 5 ���vhao:lnmno±TUJL?Bb:K®;@JU?IA®S�?BJ@?vK y 8 � x Ý�|d]�8 e � x WNO
=@8:WNW_?IJUV@?�KN?B�X~1?IA\83KNE@ANS�?B=@JLV@b:KN?
Þ�JU?vFH?BV z8:V'=@?BAQE@V@b
bP?IbP?BV@T z8:E'�`b6GBE/='?BA®='?BW���~'JUV@?ITUTa����ZnWQKN?B�XW y z83AN?:�:½�?BA®Á�AN8:V`83K\8:V[K\?IJUT[M�8:V@V/WQOP�XJLKÒGBE
�/E@TaK\JU~'TU?BV�½�JLWNM:O:VRKNJUVRE@JaK z83KN?BVdJL�ÈE@V[K\?IAN?IV�Ó±?BAQ?BJU9<;d=@?BA�|�Þ"ÖÀF zE@;@AQ?BVàcH��M�8:OPb:J±�v� t iaq x Ä:ÜPÜ[Ä � �
E@S�O
E@V@=���M�8:OPb:J x Ä:Ü:ÜPÜ � �nJU�X�>OPV'W�E@V@=dÁ�E'ANANO:Tö8 x Ä:ÜPÜPÜ � Ë�8:9<;@?BA/�v� t iaq x ��ñPñPò � �nKNJaó�ANE@='? x ��ñPñPì w �
�_JUV@?¦�6V@AN?IJU9<;@?IANE@V@bàZPO:VãÁ
A\8:V@83K}M�8:V@Vá8:E@9<;á8:E�F�WQE@S1='E@GBJL?BAQKN?BW�|d83KN?BAQJö8:T6GBE@A zE@9<MRbP?B;@?IV��6]<ZnAQO3�
ó�?BV@AQ?BJU9<;'?/OPGB?B8:V@JLWN9<;@?{�
ANE@W�K\?{KNA\8:V'WQFHOPAQ�>JL?BAQKY='?B�XV`8:9<;dJLV�?IJUV�bPA\83V`83K\AQ?BJL9<;@?BW�|d83K\?IANJU8:Tf�`C.JL?Bb:KY=@JL?
Ë�JLWNM:O:WNJLK z83K´=@JL?BWQ?BAXÁ
A\8:V`8�K\JLKNWN9<;@JL9<;[K´G y JLWN9<;@?IV¾9B8'� � Ü:Ù
�,E@V@= � Ü:Ù Ò ]�8�W´M�8:V'V�?BW�8:E'F�Á
ANE@V@=�='?BW
½�JU9<;[K\?IM:OPV[KNA\8:W�K\?BW¤GIE�JU;@AQ?BA��6S@WN9<;'?BANE'V@b¾JLV �P� ÜØMR� Þ�JU?vFH?dM3OP�>�X?BVâcf|d8:��S1OPTL?dE@V'=øÏ®TU?IJLK\O:E'K x
Ä:ÜPÜ[Ä � ��8:A\83KNO x ��ñ:ñ[ì w �

è.é_êié�� �?�´ð�@)� ó ñA��ó.ï=�_ñQ�÷pñÐòôó��
ò�ð ï
ó ñÐòôí òôó�N ÷"óiñÐòQP¾ð
�_JUV@?"WN?IJUWN�XJUWQ9<;@?�½�JLWNM3OPV[K\JUVRE@JaK z83K_Z:?BAQS@E@V@=@?IV}�>JaK�?BJLV@?B� Á
?BWQ9<; y JLV@=@JLbPM:?IJLK\WN8:V@W�K\JU?Ib y E@AQ=@?�JLV^��E'S��
=@E@M[K\JLOPV@WQGBOPV@?IV�JUVd9B8'� ñ Ä:Ü>MR� x JLVd?IJUV@?IA�WN~ z83K\?IAN?BVÀ�nKNE@=@JL?{G y JUWN9<;'?BV ñ ÜPÜ�E'V@= � Ü ò Ü>MR� c$��&E��&J����� þ
O�='?BAaWn��h�\�þ��EFqWºþ ÿ�� �
� ù�ú�����ú
	�� � �ü�� wvx ZP?IANJa�`GBJL?BAQKB�RÞ�AQO:K\G6=@?BA4bPANOPæ:?BV�Þ�JL?IFH?IVRZ38:AQJö83KNJUOPVXTö83WNWN?IV^=@JL?6GIE@bPANE'V��
=@?/TLJU?Bb:?BV@=@?IVdMRE@AQGB~�?BANJLO�='JUWN9<;'?BV�½
83KN?BV¼83E'F�?BJLV@?�bP?IANJLV@bP?{½�JU9<M:?^c§% � Ü>MR� w =@JL?BWQ?BA
Á
AN?IV@GBWQ9<;@JU9<;[K
WN9<;@TLJU?IæP?BV���| zOPbPTUJL9<;@?BA y ?IJUWQ?�W�K\?ITUTLK/WNJU?¤=@JL?¤Â6V[K\?IANWQ?BJLKN?�?IJUV@?IAXÁ�AN8:V`83KNJLKNWN9<;@JL9<;RK�=@8:A x%y ?BTL9<;@?�='E@AN9<;

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



uR�¿un��� 	�èÝ �"! � ! w �d��ê Ä ñ

Â"� y 8:V@=@TLE@V@b¼83E@W�WQE@S1='E@GBJL?BAQKN?BV�OPGI?³8:V'JUWN9<;'?BVà]_Tö83KQK\?IVØ?BV[KNWQK\?I;[K6�Q?B=@On9<;ÃV@JL9<;[K/JUV �P� Ü¤MR� WQ?B~`8Ç�
AQJU?IAQK y OPAN=@?IVdJLWQK{c���8 y 8:M�83K\WQE�E@V'=d7"JUE x �³ñPñ�� � 7"JUE¤E@V@=���8 y 8:M�83KNWNE x �³ñPñ[ì � �6V@=@?IANWNO:V x ��ñPñPò w �
Ë�JUV@V'JUM��v� t iaq�cfÄ3ÜPÜ � w6y ?BJLWN?BV^�Q?B='O�9<;�=`8:AN8:E'F�;@JUV x =`8:WQW,='JU?�o ñ Ä:Ü�o.83E@9<;ÀJLV�8:V@=@?IAN?IV�KN?BM[K\OPV'JUWN9<;'?BV
Á
?BS'JU?IKN?BV>8:TUW��nE@S1='E@M[K\JUO:V@WNGIOPV@?BV>bP?IFHE'V@=@?BV y E@AQ=@?BV x WQO{=`83WNW�8:V@=@?IAN?6Â6AQW\8:9<;@?IV�GIE^Á
ANE@V'=@?YTUJU?IbP?BV
� zE@WQWN?BV(�[Õ�VXJL;@AN?IA��nK\E'=@JU? y E@AQ=@?BVX?BS�?BV�F�8:TUTLW%JUVX��E'S1=@E'MRKNJUOPV'WNbP?IS@JU?vK\?BVX;@?IAN=@V`83;@?"Ê"?vÔ`?BM[K\JLOPV@?IVXE'V@=
�
OPV[Z:?BANWQJUOPV'?BV�E@V[K\?IANWNE'9<;RKB�ÒÆ6JU?IA�M:O:V@V[K\?BV�½�JLWNM:O:VRKNJUVRE@JaK z83KN?BV¼JLV¦9³8'� ò[ì Ü�MR� x � Ü � Ü�MR� x � Ä:ÜPÜ�MR�
E'V@= �Çì ÜPÜ{Mn�·�>JaKD�Q? y ?IJUTLW±bPAQOPæP?BV��n9<; y 8:V@MRE@V'bPWNS�?BAQ?BJU9<;'?BV¼=@?vK\?IMRKNJU?IAQK y ?BAQ=@?BV x@y OPS�?BJ1=@JU?�Á
AN?IV@Gv�
WQ9<;@JU9<;[K6JUV � Ü � Ü�MR�ë83TUW�=@JL?�Ê"?I~1?vKNK\JÉ��½�JLWNM:O:VRKNJUVRE@JaK z83K±S1?IV`8:V@V[K y E@AN='?:�
7"?BS�?BV�=@JU?IWN?IA y ?BAQ=@?BVØ8:E@9<;�=@JU?�W�[�h�\�\�þ��EFqWºþ ÿ�� �
��ùÐú�����ú
	�� � �ü��6E@V@=�=@JU?�W�[�v�\�\�þ��EFqWºþ ÿ�� �
��ùÐú�����ú
	�� � �ü���8:TUW
b:TUOPS`83TU?4Á�AQ?BV@GIWN9<;@JL9<;[K\?BV�JLVRKN?BAQ~@AN?vK\JU?IAQK x ='JU?D�Q?I=@On9<;/WNO y OP;@T'JLV�JL;@AN?IA�Þ�JL?IFH? y JL?4JLV�JL;@AN?IA%½�?BE�K\TUJL9<;@M:?IJLK
W�K<8:AQM�Z:?BA z83V@=@?BAQTUJL9<;�WQJUV@=(�.½�JU?{TU?IKNGIKN?BAN?´JLWQK y ?Bb:?BV�JU;@AQ?BA�bPAQOPæP?IV�Þ�JL?IFH?/�XJLK�=@?BA
;'JU?BA6ZP?BA y ?IV@=@?vK\?BV
|�?IK\;'O�=@?�V@JL9<;[K{GIEÀE'VRKN?BAQWNE@9<;@?IV��ÒÕ�;@AN?XÂ6AQW\8:9<;'?>JLWQK
� zOPbPTLJU9<;@?IA y ?BJUWQ?´?BJLV�W�K\AQE@M[K\E@AQ?BTUTL?BA zÂ"S1?IANb[8:V'b
='?BW�÷ zE@WQKNJLK6c�Ï`?\� w Z:OPV>='?BA�7�8[¿±TÉ�ÒJUV�=@JL?Y76JU�6W����nK\AQE@M[K\E@A6cf|�8:O^�v� t iaq x ��ñ:ñP� � Ë�JUV@V@JLM��v� t iaq x Ä:ÜPÜ � w �
½
83W���E�FjK\AN?vK\?IV�Z:OPV�½�JUWQM:OPV[KNJUVRE@JLK z83K\?IV¼JUV ñ Ä:Ü�MR� E@V@= � Ä:Ü:Ü>MR� Þ�JL?IFH?�M�8:V'V�8:E@9<;¦=@E@AQ9<;�Ï®TUE@JL=��
KNA\8:V'WN~�OPAQK4JUV>8:S'K\8:E@9<;@?IV@=@?BV��nTö8:S@W�?BAQMRT z8:A�K y ?BAQ=@?BV x�y ?BTU9<;'?�JUV>=@?BA�;@JL?BA48:E'FjK\AQ?IKN?BV@=@?IV}½�?B;�Zn=@AN83K<8��
KNJUOPV'W���Ö(O:V@?ÀZ:OPANM3OP�>�X?BVâE'V@=â=`8:W�|�b�� e ��J9� Ù �fË�?BAQ; z8:TLKNV@JUW¤ZP?IA z8:V'=@?BAQV M zOPV@V'?BV·c§��;[K<8:V'J��v� t iaq xÄ3ÜPÜ � w �_�_JUV@?}�6V@AN?IJU9<;@?IANE@V@b�ZPO:V���J(� Ù y 8:A�S�?BAN?IJLKNW�Z:OPV¾��JLV@bP�>8Ñ�v� t iaq6c ��ñPñ�� w ~1OPW�K\E@TLJU?IAQK y OPA��='?BV x E@� =@JL?�½�JUWNM3OPV[K\JLVnE'JLK z8�K¤JUV � Ä:ÜPÜ�MR� Þ�JU?vFH?Ø8:TLW zÂ6S�?BAQb[8:V@bàZPOPVâ�nK\JLWN;@O�ZnJLK¤JLVå=@JL?À¿�8[¿±T Ù ��RK\ANE'MRKNE@A"GBEd?IANMRT z83AN?BV(�1½�JL?BWQ?BA"]_;`8:WN?IV zE@S�?BAQb[8:V@b�F zE';@AQK6GBE�?BJUV'?B� 8:S@AQE@~'KN?BVd�6V@WQKNJU?Ib>=@?IA�]®�±S@G y �
�[�s÷À?BTUTL?BV@b:?BWN9<; y JLV@=@JUb:M:?BJaK\?IVXE'� Ä:Ü�S@G y � � Ü Ì x WNO�=`83WNW�WN9<;@O:V>?IJUVX��J(� Ù ��Á
?B;`8:TaK®Z:OPV�?IK y 8�Ä Ì JU�E'VRKN?BAQ?BV}|�8:V[K\?BT`?IJUV@?�='?BE'KNTUJU9<;�WQJU9<;[K\S`83AN?"½�JUWQM:OPV[K\JLVRE@JLK z83K%JLVX='JU?BWQ?BA_Þ�JL?IFH?�?BAQGB?IE@bP?BV>� zE'WNWQKN?{c���8:ANMRJ
�v� t iaq x ��ñ:ñ[ì x Ä:Ü:Ü � w �

l¤  l » §�«}¨®­=�³¹X�³£¦¥ ­�¬

Ë�E'TUM�8:V@JLWN�/E@W�JLWQK�?BJLV^]_; z8:V@O:�>?IV x =`8:W zE@S@TUJL9<;@?BA y ?IJUWQ?��XJLK�8:M[K\JaZP?IV^]_Tö83KQK\?IV@A z8:V'=@?BAQV x 8:TUWQO{?IVRK y ?B='?BA
�nE@S1='E@M[K\JUO:V@W��ÒOn=@?BA%Ê"JaFjK\GBO:V@?BV x ZP?IANMRV zE@~'FjK�JLWQK³�!�{���jÌ ï �����sË�E@TLM383V@JUWQ�/E@W®;'JUV@bP?IbP?BV´M�8:V'VXE'V`8:S@; z83V@bPJUb
Z:OPV}]_Tö8�KNK\?IV@bPAQ?BV@GI?BV¤8:E'FjKNAN?vK\?BV�E@V@=^E@V[KN?BANWQ9<;@?BJL=@?IKYWQJU9<;^GIE@=@?I�·=@E'AN9<;^WQ?BJUV'?�E@AQWN~@A zE@V@bPTLJU9<;@? x V@JL9<;[K
83V}JUV@M3OP�>~@83K\JLS@TU?IV^�_TU?I�>?IVRKN?BV�8:S@b:?BAN?IJU9<;@?IAQKN?,Ö(E@W\8:�X�X?BV@WQ?IK\GIE@V@b�c�Õ�V'WN?BTLS`8:WN8:TLKN? w Z:OPV¤=@?BV}K\;'OPTU?IJa�
JaK\JLWN9<;@?IVdÊYJLFjKNS`8:W\83TLK\?IV��
�6E'FD÷øJUTLWNOPV¼c ��ñP� Ý w E@V'=�|�OPANbP8:V�c ��ñPì�� w bP?B;[KY=@JL?�;@?IE'K\?�b zE@TLKNJUbP?"Þ�;@?BO:ANJU?�GBE@A zE@9<M x V`8:9<;}=@?IAu�{����Í
Ì ï ���jÌY=@E'AN9<;¦8:E�FHWQK\?IJUbP?IV@=@?IW�;@?BJLæP?BW�|d83KN?BAQJö8:T�Z:?BANE'ANW\839<;RK y ?BAQ=@?BV x =`8:W�8:E@W"bPANO:æP?BA"Þ�JU?vFH?�8:E�FHWQK\?IJUb:K
E'V@=¤?BV[K\WQ~@AN?I9<;@?BV@=d=@?BA�]_TU83KNKN?BVRS1? y ?IbPE@V@bX?BJLV@?
ÊY?BJL;@?�ZPO:V¤Ë�E'TUM�8:V@JLV@WN?ITUV^GIE@A zE@9<MRT z8:WNW�K³��½
8:W�Ï�TUJU?Iæ3�
Z:?BAQ;`8:TLKN?BV>JUWQK�=`83S1?IJ�8:S@; z8:V'bPJUb
ZPO:V�=@?IA±Ê"8\Z�TL?BJLbP;���Ö�83;@T'=@?IW�|�83K\?IANJö83TUW_E@V@=>WNOP�XJLK®ZPOPV>=@?BA�Þ�?I�>~�?v�
AN83K\E'A/cj÷Ø?I?BA\83A\83KNV@?{E'V@=�|d8:V'b[8 x ��ñPñPò w ��|d8:V[KN?BTU~'TUE@�X?BW�ZP?IANE@AQW\8:9<;'?BV�?BJLV@?�ÊY?BJL;@?�S1?IOPS`8:9<;[KNS`8:AN?IA
�gW1?BM[K\? x�y JL?4G3� Ó6�3=@JL?���V[KNWQK\?I;RE@V@b�ZPO:V���9<; y ?ITUTL?BV/=@E'AN9<;/�6E'FjK\AQJU?BS x �6E@WN= zE@V@VRE@V@b�='?BA%C.JaK\;@OPWQ~@; z8:AQ? x

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



ÝPÜ �
	��_
� �"!vun���
��� 	xw�ygz±	xw �
���ã���6�
�

��83bP��8�K\JUWQ9<;@?BW + m�kn�vÎ ï i t ��hjmno�O�=@?IA�=`8:W,��E'FHS@AQ?B9<;@?IVÃM:O:VRKNJUV@?IV[K<8:TL?BA{CDJaK\;@O:WN~@; z83AN?�cf��?IJU=@TL?BA^�v� t iaq x
��ñPñPñ � �_ANV@W�K�E@V'=dÓ±E'9<;`8:V x Ä:Ü:Ü[Ä w �
��E@Wd|�On=@?BTLTUAQ?B9<;@VRE@V@b:?BVäE'V@=äCD8:S�OPAQ?vó�~1?IANJL�>?IVRKN?BVáTU?IJLK\?vK¤WNJL9<;å=`83W��6E@WNWQ?B;@?IVãWNO:TU9<;@?IAd|�8:V[K\?BTÉ�
~@TUE'�>?IW�8:S(��½
8:V`8:9<;�S1?IWQK\?I;@?BVdWNJU?{8:E@W"?BJLV@?B� 83E@WNbP?I=@?B;'VRKN?BV¦~@JLTUGvF zOPAN�XJUbP?IV}]_TUE@�X?BM3OP~'F_�XJLKY�X?B;n�
AN?IAN?BV};RE@V'=@?BA�KY�
JUTUO:�>?vK\?BAQV�Ê"8:=@JLE@W�E@V@=}?BJLV@?B� Z:?BANb:TU?BJL9<;@W y ?BJLWN?
WQ9<;@��83TU?BV�]_TUE@�X?BWQ9<;@Tö8:E'9<;�c # ��m`Í
k:l�hj� w �XJLK4?BJUV'?B�ÈÊ"8:=@JLE@W±Z:OPV y ?IV@JUbP?IA�8:TLW � ÜPÜ/MR�õc�Ó±?BAQ9BO�ZnJU9IJ�E@V@=¤�
?BTLTXZ x ��ñ:ñ[ì � �RK\?BJLVRS1?IANbP?IA�E@V@=
��o ¿±OPV'V@?BT x ��ñPñPò w ��e
g�gBhjiak:lnmno�kRq��
Z:?BAQ=@?BE'KNTUJL9<;RK"=@JL?BWYWN9<;'?B�>83K\JLWN9<;��
��V}=@?IAY�_AN=@OPS�?BA�Ô z8:9<;@? y ?BAQ=@?BV�ÊY?BbPJLOPV@?BV��>JaK±�>8:WNWQJLZ:?BV¤�_ANE@~�K\JUO:V@?BV^Z:OPV�Ï®TUE'KNS`8:WN8:TLKN?BV��XJLK4=@?I�
��E'FjKNAN?�W(?IV�?BJLV@?BW�]_TUE@�X?BM3OP~'FH?IW�83WNWNO:GBJUJL?BA�K x³y{z8:;@AQ?BV@={=@?BAD= zE'V@V@?BAQ?�]_TUE'�>?IWN9<;@TU8:E@9<; y ?IbP?BV/='?BAÒ]_Tö83K��
K\?IVnS�? y ?Bb:E@V@bØ?IJUV@?¤�
?vKNK\?}Z:OPV�Ë�E@TUM�8:V@?IVà~@ANOPb:AN?BWQWNJaZP?BVÑ��TaK\?IANW x =@?BVÑWNOPb:?BV`8:V'VRKN?BV f4i�ls���vÍ���Î t Ô Í x
GBE@A zE@9<MRT z8:WQWQK/cf�nKN?BJLVnS�?BAQbP?BA x Ä:ÜPÜPÜ � �_ANV@W�K6E'V@=¼Ó±E'9<;`8:V x Ä:Ü:Ü[Ä � ÊYJLKNWN?B�>8/E@V@=���TLTU?IV x Ä:ÜPÜ:Ý w �
|d83VRKN?BTL=@Jö8:~'JUAN?�?BV[K\W�K\?B;'?BV�8:E'W{Õ�V@W�K<8:S'JUTUJaK z83KN?BV¦?IJUV@?IA
;@?BJLæP?BV�K\;@?IAN�XJUWQ9<;@?BVØÁ�AQ?BV@GIWN9<;@JL9<;[K�ZPO:VÀbP?ô�
ANJLV@bP?BAQ?BA%Ë�JUWNM3OPWNJaK z83K%E@V@=X½�JU9<;[K\?Y83TUW%=@JL? zE@S�?BANTU8:bP?IANV@=@?���9<;@JU9<;[KB�R��JLV@?�WNO:TU9<;@?6Á
AN?BV'GBWN9<;'JU9<;[K�JUWQK%G:�ùÓ��
=@JU?/½�II����9<;'JU9<;[K
8:V¦='?BA
�
?BAQV���|�8:V[K\?BTÉ��Á
AN?IV@GB?^c # ��Î\��� t m`��iU�,î���lnm�k t Î�d x ¿�|dÓ w JLV¼9³8'��Ä ñ ÜPÜXMR�
Þ�JU?vFH? x ='JU?�TU8:V@bP?{8:TLW�?BJLV@GBJLbP?��
E'?BTUTLAN?IbPJUOPV¤ZPO:V�|d8:V[K\?ITU~@TLE@�>?IW�b[83TLK³��Ï zE'A�=@JL?BWN?{Þ�;@?BWQ?´WN~@AQJU9<;[K
=@JL?
Ö(E@W\83�>�X?BV@WQ?IKNGBE@V@b�=@?IA/Õ�V@WQ?BTUS@8:W\8:TaK\? x =@JL?^8:E'F"=@JL?^�®ó�JUW�K\?BV'G}?BJUV'?BW/~@AQJU�XJLKNJLZP?IV�|d83VRKN?BTLAN?BWQ?BA�ZPOPJLANW
WN9<;@TLJU?IæP?BV>T z8:WQWQK x =@8:W4V'JU9<;[K±='E@AN9<;���O:VRZ:?BM[K\JLOPV@WQWQK\A zOP�X?6=@E'AN9<;@�XJUWQ9<;RK y E@AN='?/c�Ó±?BAQ9BO�ZnJU9BJ�E@V'=^�
?BTLTXZ x
��ñPñ[ì � ��?BJL=@TU?IA��v� t iaq x ��ñPñPñ � �nK\?IJUVRS1?IANbP?IA x Ä:Ü:ÜPÜ w �

���������������������������������������������������������������������������������������������������������
���������������������������������������������������������������������������������������������������������

410-km-Diskontinuität

660-km-Diskontinuität

therm. Grenzschicht

Í�Î>ÎWÏÑÐ¹ÒËÓEÔ?Õ ø?×X�^Ù�-2á5ãEÞWõ�Û^Ý�Ï�ÜWá5ãEÞeÚ¶ÛËå.Ü4Ý¨ÞWÐÑÐ�ÓEÔ?ÕüÞ5Ï�Ô2Þ4Ü�ñ ÛËÔ�Ý¨Þ5Ð ß�Ð¥ÓEõ¦Þ4Ü�Î.Þ4Ü4Ý¨Þ5ãEÞ5Ô2Ò ÛËÓ�Ü ÒâÞWõì	Ð�Ó�õ¦Þ5èËé.ßBçmÓEÔ�Òôí¨ÜWá5ãâÐ¹ÛËÓ0á5ã�×Læ£Ï�Ô9è>ÜWÙ�î_ÏÑÔ ÛËÔ�ÒâÞWåäÚ��.í§-�áWãâÏ�áWã?Ý�Þ5Ô\Ý�Ü5Ý¨Þ4ãEÞWÔ�ÒâÞ5å³ì	Ð�ÓEõ¦Þ�ÒËÓEå]áWãâíÒËå.Ï�Ô?ÕâÝ©ÒËÏSÞ	ñ ÛËÔ\Ý¨ÞWÐ�Ý�å�ÛËÔ9Ü4Ï�Ý�ÏgéËÔ9Ü.6:éËÔ)Þ:× � ÞbáWã?Ý�Ü5Ù�+�ÞWÏ�Ü¨ß�ÏgÞWÐ�Þ5Ï�Ô2Þ4Ü=ñzÏ�ÝgÝ�õjÛËÔ\Ý¨ÞWÐ ß2Ð¥ÓEõ¦Þ4Ü.ð2Õ?Þ5ÜSß9ÞWÏ�Ü5Ý©ÛËÓ�ÜÞ5Ï�Ô2Þ5å�Ý�ãEÞWå.õYÏÑÜ5áWãEÞ5ÔÑ|NåbÞ5Ô�65Ü5áWãâÏ�áWã?ÝNÓEÔ\Ý¨Þ5å.ã�ÛËÐ�Î�ÒâÞWåLñ � Ø©×

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



uR�¿un��� 	�èÝ �"! � ! w �d��ê Ý �

�_JLV@? y ?IJLKN?BAN?
KN;@?BAQ�>JLWN9<;@?,Á
AN?IV@GBWQ9<;@JU9<;[K6?vó�JUW�K\JU?IAQK®�Q?I=@O�9<;¤E@V[KN?BAN;@8:TUS�=@?BA �:� Ü���MR�´��½�JLWNM:O:VRKNJUVRE@JaK z83K x
y ?BTL9<;@? y ?Bb:?BV¦JU;'AN?BW"?BV'=@O:K\;'?BAN�X?BV¦¿±;`8:A\83MRKN?BAQW�=`8:W6½�E@AQ9<;@=@ANJLV@bP?IVd=@?IW�8:E'FHW�K\?IJUbP?IV@=@?BV¦|d83K\?IANJU8:TUW
S�?B;'JUV@=@?IAQKB��½�JU?IW>M�8:V'V�JUVß?IJUV@GI?BTLV@?BVøÏ z83TUTU?IV¾GIE@A^M3OP�>~'TU?IKQK\?IVø�nK<83bPV`83KNJUOPV¾?BJUV'?BW�Z:OPV�=@?BA}¿�|dÓ
83E'FHWQKN?BJUb:?BV@=@?IVø½�Jö8:~'JUANW�F zE@;@AQ?BV x4y 8:W y JU?B='?BANE'� JUVß=@JU?d��V[KNWQK\?I;RE@V@bÑ?BJUV'?BW^WQ?BMRE@V@= z83AN?BVå]_TUE@�X?BW
� zE@V@='?BV�M383V@VÃc�|d8:Az�nE@8:AQK"E@V@=d��9<;@�X?BTLJUV@b x Ä:ÜPÜ:Ü w �
½�JL?_ÊY?BWNJLWQKN?BV@G�bP?Bb:?BV�=@JU?�½�E'AN9<;@=@AQJUV@b:E@V@b"8:E'FHW�K\?BJLbP?BV'=@?BV�|d83KN?BANJU8:TUW y JUAN=�G y 8:AD=@E'AN9<;,=@?BV,?vó�O:KN;@?BA��
�X?BV�|d8Ç�QO:ANJLK���]Ò?BANO�ZnWNMRJaKQ� zÂ"S1?IANb[83V@b{b:?B�XJUV@=@?IAQK6cH��M�8:OPbPJ'E@V@=�ÕsKNO x ��ñPñ:ñ � Æ6JLANOPWQ? x Ä:Ü:Ü[Ä wvx M383V@V^8:S�?BA
='?BV@V@On9<;ØGIEÀ?IJUV@?IA
V@JU?I=@?BA�ZnJUWNM3OPWN?IV�Ö(OPV'?XE'VRKN?BAQ;`8:TUS�=@?IA{|�Þ"ÖàF zE@;'AN?BV x =@JU? y JU?I=@?BAQE@�õ8:TLW>��E@?BTLTa�
AQ?BbPJLOPV¼F zE@A,|�JaKNKN��8:V[KN?BTU~'TUE@�X?BW�JLV�Ï`A\8:bP?´M3OP�X��KXc�ÊYJUV'b y OnOn= x ��ñ:ñ�� � ¿±WQ?BAQ?B~�?BW�E'V@= � E'?BV x Ä:Ü:ÜPÜ �
¿±WQ?BAQ?B~�?BW{�v� t iaq x Ä:Ü:ÜPÜP8 � Ö(;@8:O x Ä:ÜPÜ � w �[Õ�V@WQS1?IWNOPV@='?BAN?�8:E@9<;^=@JL?Y��V@TU8:bP?BAQE@V@b,?BJLV@?BA±Á�AN8:V`83KNJLKNWN9<;@JL9<;RK
JL� E@V[K\?IAN?IV^Þ�?IJUT`=@?IA4|�Þ"Ö y�zE@AQ=@?�=@JL?"��V[KNWQK\?I;RE@V@b/?IJUV@?IA�KN;@?BAQ�>JLWN9<;@?IV}Á
AN?IV@GBWQ9<;@JU9<;[K�S�?Bb zE@V@WQKNJUbP?IV
c���8:A\83KNO x ��ñPñ[ì w ��Ë�?BAQbPTU?IJU9<;@?IV@=@?�Â6V[K\?IANWNE'9<;nE'V@bP?BVàZPO:V�]_TUE@�X?BW,TUJL?IFH?BAQV�K\83K\W z8:9<;@TLJU9<;ØVRE@A,F zE@A�?IJUV@?
MRTL?BJUV'?"�6V@G³83;@T@ZPOPV�Æ6O:KNWN~�O:K\W�W�K\JU9<;';`8:TLKNJUbP?�Æ6JUV y ?BJLWN?YF zE@A�=@JU?"¿�|dÓ¾8:TUW���E@?ITUTLAN?Bb:JUOPV�c�Ê"JaK\WN?I��8�E'V@=
�6TUTL?BV x Ä:ÜPÜPÝ � ¿±TUO:E`8:AN=ØE@V@=ÑÓ±OPV@V'?IZnJUTLTU? x Ä:ÜPÜ � w �DË�JL?BTLF�839<;�TUJU?IbP?BVØ=@JU?>S1?IOPS`8:9<;[K\?vK\?IV¾Þ�JL?IFH?BV z8:V@=@?ô�
AQE@V@bP?IV¦=@?BA
|d8:V[K\?ITU=@JLWNM:O:VRKNJUVRE@JaK z83KN?BV¼JLV@V@?BAQ;`8:TLS¼=@?BW�V@OPAN�>8:TL?BV¼bPTLOPS`8:TL?BVd��9<; y 83V@MRE@V@bPWQS1?IAN?BJL9<;@?BW
c�C.J±�v� t iaq x Ä3ÜPÜPÝ w �

Æ"O:K\WQ~1O3K\W y ?BAN='?BVÃ83TUW�~@AQJUV@GIJU~@JL?BTLTÒO:AQK\W�FH?BW�K{AQ?BTU83K\JaZ�GIE@A�]_Tö83KQK\?IVnS�? y ?Bb:E@V@b�8:V@bP?IV@OP�X�>?IV���Ó±?IJ%=@?IA
�_V[K\W�K\?I;nE'V@b
?BJLV@?BW�]_TUE@�X?BWÒ8:V{?BJUV'?BA.K\;@?IAN�XJUWQ9<;@?BV�Á
AN?IV@GBWQ9<;@JU9<;[K y JUAN=,=@E@AQ9<;�ZnJUWQM:OPWQ?��
OP~@~@TLE@V@b"?BJLV
= zE@V@V@?IA®Ï®JLTU��ZPO:V´|d83KN?BAQJö8:T3=@?BA zE@S�?BAQTö8:bP?IANV@='?BV���9<;@JU9<;[K��>JaK\bP?IANJLWNWN?IV��³½�JL?�]_TUE@�X?B~�OPWNJaK\JLOPV�JU�ã|d8:V��
KN?BTL��83KN?BAQJö8:T y JLAN=¼=`83=@E@AN9<;¼Z:?BAN8:V@M:?IAQK x bPANO:æPA z8:E'�>JLbP?,��O:VRZ:?BM[K\JLOPV@WQWQK\A zOP�X?´8:TUTL?BAQ=@JUV@b:W"M zOPV'V@?BV¦=`83W
b:?BW\83��K\?���ZnWQKN?B� S1? y ?IbP?BV�c G Ô`JL?BæP?IV@=@?�Ë�?BA\83V@M:?IANE@V@b�I w �1½�JU?
=`83=@E@AN9<;�ZP?BAQE@ANWN8:9<;[K\?´½�AQJLFjKYS�?IKNA z8:b:K
?vK y 8 � ��ÄX�X� e 8 x WNO^=`83WNW�=@JL?/�_JUb:?BVRS1? y ?IbPE@V@b¤bP?IbP?BV zE@S1?IA�=@?IA
]_Tö83KQK\?BVRS�? y ?BbPE'V@b}ZP?BAQV`8:9<;@T z8:WNWQJUb3�
S@8:A�bP?IANJUV'b^JUW�K�c�½
8³Z38:JLTUTU?^�v� t iaq x Ä:ÜPÜ[Ä w ��Á
?BAN8:=@?/=@8:W�Ó±?BJLWN~@JL?BT�Æ�8 y 8:JUJ�WN9<;@?IJUV[K,8:S�?BA�V`839<;�?IJUV@JLbP?BV
Â"V[K\?BAQWNE@9<;RE@V'bP?BV�=@JU?IWN?I� ]_AQJUV@GIJU~�GBE y JL=@?BAQWN~@AQ?B9<;@?IV¦E@V@=¼?IJUV@? y ?IJLK\8:E@W�b:A zOPæP?IAN?{�_JUbP?IVnS�? y ?Bb:E@V@b
83E'FHGBE y ?BJUWQ?BVÃc�76O:AQK\O:V x ��ñPñ�� � �nKNOPTUT�E'V@=dC.?vZP?BV x Ä3ÜPÜPÝ w �
÷Ø8:V@b¦E'V@=�÷Ã8:V'bÑcfÄ:ÜPÜ � w ~�OPWQKNE@TUJL?BAQ?BV x =`8:WNW´='JU?}�_JUb:?BVRS1? y ?IbPE@V@b�?IJUV@?IW�]�TLE@�X?BW/=@JLAN?IMRK´8:E'F"=@JU?
Æ"OPANJLGBOPV[K\8:TUM3OP�>~�OPV@?IV[K\?{Z:OPV�Ï®TUJL?BæPS�? y ?Bb:E@V@bP?IV¼JU� E@V[K\?IAN?BVÀ|d83VRKN?BT%WQ9<;@TUJL?BæP?IV¦T z8:WQWQKB�(Õ�� Á�?IbP?BV��
WN83K\G�=`8:GBE¤WQJU?B;[K"�RK\?BJLVRS1?IANbP?IA�cfÄ:Ü:ÜPÜ w M:?BJLV@?
��E'W y JUAQMRE@V@b´=@?IW�E@V[K\?BAQ?BV�|d8:V[KN?BTUW�8:E'FÒ=@JU?�Ó±? y ?Bb:E@V@b
Z:OPV^Æ"O:K\WQ~1O3K\W x WQOPV@=@?IANV^JLV[K\?BAQ~@AN?vK\JL?BAQK�WQJU?"8:TLW��6E@WN='ANE@9<M´ZPO:V}�nKNA zOP�/E'V@bP?BVX=@?IW4�XJLKQK\TU?IAN?IVX|d8:V[K\?ITUWB�
Á
ANE'V@=@W z8�K\GBTLJU9<;àS�?B?BJLV'Ô`E@WQWN?IV��nKNA zOP�/E'V@bP?BVàJLV@V@?BAQ;`8:TLS�=@?BW>|d8:V[KN?BTUW�=@JL?}CD8:bP?}=@?IW�]_TLE@�>?IWN9<;@TU8:E��
9<;'?BWB�_�6S@; z8:V'bPJUbdZ:OPV�=@?IA/Ë�JUWQM:OPWQJLK z83K/M�8:V@V�='JU?}Ï®TLJU?IæPS1? y ?IbPE@V@bd=@?BWX|d83VRKN?BTLW/GBE�?IJUV@?IA´76?IJUbPE@V'b
On=@?IAXbP8:A´GBE¾?BJUV'?BA>�nK zO:ANE@V@b�=@?IW�]_TLE@�>?IWN9<;@TU8:E@9<;@?IW>F zE@;'AN?BV(�_Õ�V@WNS�?BWQOPV@=@?IAN?�KNJU?vFH?�]_TLE@�>?IW y ?IJUWN?IV
O3FjK�?BJLV@?�7"?BJLbPE@V@b´83E'F�cf�RK\?BJLVRS1?IANbP?IA�E@V@= ��o ¿±OPV@V@?IT x ��ñPñPò � �nKN?BJLVnS�?BAQbP?BA x Ä:Ü:ÜPÜ w ����9<;'?BANW�K\A zOP�/E@V@b:?BV
E'VRKN?BAQ;`8:TUS}='?BA�C.JLKN;@OPWQ~@; z8:AQ?�M zOPV@V@?IV¤G:�ùÓ��@8:E'9<;�GIE@�ÐÖ(?BANAQ?BJLæP?BV^='?BWY]_TUE@�X?BWQ9<;@Tö83E@9<;@?BW�JLV^?BJLV@GB?ITUV@?
½�JU8:~@JLAN?�F zE@;@AQ?BV xRy ?BTU9<;'?�=`8:V'V�bP?vK\AN?IV@V[K�8:E�FHWQK\?IJUbP?IV@=�E'V@=^WN?I~`8:AN83K\?"Ë�E@TUM�8:V@?�FHOPAQ�>?IV¦c�¿±O�ó x ��ñPñPñ w �

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ý[Ä �
	��_
� �"!vun���
��� 	xw�ygz±	xw �
���ã���6�
�

��E'F�Á�AQE@V@=�=@?BA"AN?B8:TUJaK\JLZ>MRTU?IJUV@A z8:E@�XJUbP?IV}��E@WQ=@?B;@VRE@V'b}?BJUV'?BW6|d8:V[K\?ITU~@TLE@�X?BWYJUW�K6='?BWNWQ?BV¦768:9<; y ?IJUW
�>JaK%bPTLOPS`8:TL?BAÒÞ�O:�>OPb:A\8:~@;'JU? y ?IbP?BV�=@?IW_�>?IJUWQK®WN?I;@A_bPANO:æP?BVX�nK\83K\JLOPV@WN8:S@WQK\8:V@=@?IW_E@V@bP?I?BJLbPV@?IKB�PC.OPM�8:TL?
Þ�O:�>OPb:A\8:~@;'JU? y JU?I=@?BAQE@�ÅJUWQK{bP?IA\8:=@?>JUVÀOPGB?B8:V@JUWQ9<;@?BVÃÂ6V[K\?IANWNE'9<;nE'V@bPWNb:?BS@JL?IK\?IV y ?Bb:?BV�=@?IA�?BJLV@bP?ô�
WN9<;@A z8:V@M[K\?IVå�nK<8:V'=@OPAQK\8:E@W y 8:;'T6O:FjK>JUV'WNE��XGBJL?BV[K³��½�JL? � � Ô �vhj�:�vÎ ) l�m Ô ��hf��m�|�?vK\;@On=@?�;@JUV@b:?BbP?IV�JUW�K
bP?B?IJUbPV'?IK x JLV@=@JLAN?BM[K"8:E�F®=@JL?�]�OPWQJLKNJUOPV¤?BJLV@?BW"]_TUE'�>?IW�;@JUV@GIE y ?IJUWN?IV��
½�E@AN9<;d=@JU? zE@S�?BAN; zOP;[K\?/ÞÒ?B�X~1?IA\83KNE@A�;@83K�?IJUV¼|d8:V[K\?ITU~@TLE@�>?,=@JLAN?BM[KN?BV¦�_JUV�Ô`E@WNW�8:E'F�=@JL?{Þ�JL?IFH?IV@Tö8:b:?
=@?BA�]_;`83WN?BV zE@S1?IANb z83V@bP?YE@V@=�WNO:�>JaK_8:E'F�?IJUV@?�ÊY?BJL;@?�=@?IA�½�JUWQM:OPV[K\JLVRE@JLK z83K\?IV/WN~�?BGIJU?BTLT'=@?IA_Þ�AN8:V@WQJLK\JLOPV@W��
GBOPV'?:�@½�JL?6E'VRKN?BAQWN9<;@JL?B=@TLJU9<;@?IV^Ë�OPANGI?BJU9<;'?BV^=@?IAY¿±Tö83~1?�Z�AQOPV����nK\?IJUbPE@V'bP?BV>=@?BA4S1?IJU=@?IV^=@OP�XJUV@JL?BAQ?BV@=@?IV
|d8:V[K\?ITU=@JLWNM3OPV[K\JUVRE@JaK z83KN?BVÑJUV �@� Ü¦E@V'= �P� Ü¦MR� Þ�JU?vFH?^F zE@;@AQ?BVßGIE¾?IJUV@?IA���S@; z83V@bPJUb:M:?BJaK�=@?BA>½�JU9<M3?
=@?BA´|�Þ"ÖßZPOPVÃ='?BA/ÞÒ?B�X~1?IA\83KNE@AB�®��O¼M3OPV@V[K\?}GIE@� Ó±?BJLWN~@JL?BT48:V@;`8:V'=ØZPOPVÑ�'�R�sË�OPAQT z8:E�FH?BANVÀbP?BGI?BJLb:K
y ?IAN=@?IV x =`8:WNW�=@JL?�|�Þ"Ö�E@V[K\?IAN;`83TUSX=@?BA�;@?BJLæP?BAQ?BVXOPGB?B8:V@JLWN9<;@?IV}Á
?BS@JL?IK\?Y?vK y 8 ñ MR� = zE@V'V@?BA x JLV�=@?BV
M zE@;@TU?IAN?IV^M:OPV[KNJUV@?IVRK\8:TU?IV^ÊY?BbPJLOPV@?IV
�Q?I=@O�9<;�?IK y 8 � MR� =@JL9<M:?BA�JUW�K�83TUW�JU� b:TUOPS`83TU?BV>|�JaKNKN?BTÒcfÁ
OPWQWNTU?IA
E@V@=��
JUV@= x ��ñPñP� w �
½�E@AN9<;Ø=@JU?XÓ±?IWQK\JL�>��E@V@b¤ZPOPV�½�J*W(?IAN?IV@GBTU8:E'FHGB?IJLKN?BV�S1?IJ � � Ô �vhj�:�vÎ ) lnm Ô ��hf��m'Ì�M�8:V@VØ=@JUAQ?BM[K/83E'F�=@JL?
½�JU9<M3?"='?BA4|�Þ"Ö�b:?BWN9<;'TUOPWQWN?BV y ?IAN=@?IV��n��JLV@? z��V'=@?BAQE@V@b�='?BA�½�JXW1?BAQ?BV@G�E@� � W�S�?B=@?IE'K\?vK±=@8:S1?IJ`?BJLV@?
Þ�JU?vFH?BV z8:V'=@?BAQE@V@b}ZPOPV�?vK y 8 � Ü^MR� x�y 8:W
?IJUV@?IA�Þ�?I�>~�?BAN83K\E'AQZ38:ANJU83K\JLOPV¤ZPOPV ì ÜX� � ÜPÜP�\¿â?IV[K\WN~'ANJU9<;[K
c�C.J®�v� t iaq x Ä:ÜPÜPÝ w �[Á
?BWQ9<; y JUV@=@JLbPM:?IJLKNWQZ38:ANJU83K\JLOPV@?IVXJLV@V@?IAN;`8:TLS´=@?BW�OPS�?BAQ?BV�|d8:V[K\?ITUW y JUAQM:?IV>WQJU9<;�G y 8:A
8:E'F4=@JU?´�6V@MRE@V'FjKNWNGB?IJLKN?BV�=@?BA�M:O:VRZ:?BA�K\JU?IAQKN?BVÃ]_;`83WN?BV x V@JU9<;[K{8:S�?BA�8:E'F�=@?IAN?IVØ½�J*W(?IAN?BV'G�8:E@W>cf¿±;@?ô�
ZnANO:K
�v� t iaq x �³ñPñPñ w �[½�JU?��6E@WN='?B;@VRE@V@b�=@?BW48:E@WQbP?B= zE'V@V[K\?BV^Ó±?BAQ?BJU9<;'?BW y JL?B=@?IANE@� T z8:WQWQK4Ê zE'9<MnWQ9<;@T zE'WNWN?
8:E'F4=@JU?/Â6ANWQ~@ANE'V@bPWQKNJU?vFH?X='?BW�]_TUE@�X?BW
GIE x(y JL?´?BS�?BV'F�8:TLTUW6JUV�e
g�gBhjiak:lnmno]kRq��/GBE�WN?I;@?BVÀJUW�K\���_JLV¼ZPOPV
=@?BAX¿�|�Ó 8:E'FHWQKN?BJLbP?BV@='?BA�]_TUE@�X? y JLANM[K�8:E�FY?BJUV'?BV�WN9<;'��8:TL?BAQ?BVÑÊ683=@JUE@W{?BJLV�8:TUW�?BJUV'?�K\;@?IAN�XJUWQ9<;@?
Á�AQ?BV@GIWN9<;@JL9<;[K x =@JU?
WQJU9<;�E@V@�XJLKNKN?BTLS`8:A±E'VRKN?BAQ;`8:TUS�=@?IA�|�Þ"Ö�S@JLTU=@?vK{cf��;@?IVà�v� t iaq x ��ñ:ñPò w �

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



A BDC EGFIHKJ �

M B�� �   FIHON¡� Q ¢¤£ Q   ¥¦�§¥çHOS E�HâF

¡¼ 
m Ö ­
¸©¨ §aªÐ§/©³©ôº«¨ ª�¨%¬%¹Øª´¨

½�JL?"Æ�8 y 83JUJa�sÕ�V@WN?ITUVXS1?v�`V@=@?IV}WNJL9<;�JU� GI?BV[K\AN8:TU?IV�V zO:AN=@TLJU9<;@?IV^]®83GBJL�@M xRy OPS1?IJ1='JU?YbPA zO:æ:K\?"E@V@=,� zE'V@bPW��
KN?�Õ�V@WN?IT,V@8:�>?IV@WNb:?BS�?BV@=áF zE@A¤=@?BVáb[8:V@GI?BVå��AN9<;'JU~�?BT
JUW�K³��½
83GBEábP?B; zO:AN?BVáE@V[K\?IAd83V@=@?BAQ?B� �X�XJLK
GIE@V@?I;@�>?IV@=@?I� ��TaK\?BAY��=@JL?�Õ�V@WQ?BTLV�|d8:E@J x CD8:V`83J x |�OPTLOPM�8:J x �
8:;RE¼E@V@=���8:E`83Jf��½�JU?,S1?IM�8:V@V[K\?´Õ�V��
WQ?BTLbPANE@~'~1?/cfe
g�gBhjiak:lnmnon�vmÚã�q9j´lnm�k
ã�q�� w W�K\?ITUTLK��Q?I=@O�9<;�TU?B='JUbPTLJU9<;�=`8:W4W zE@= zO:WQK\TLJU9<;@?"E@V@=�� zE@V@bPW�K\?��_V@='?
='?BA¬� t í t hjhjÍ ! � ï �vÎ\��ÎôÍ§s´�v������=`8:AI�[�_W�;@8:V@=@?ITLK�WNJL9<;�=`8:S�?BJ`E@� ?BJUV'?�Ë�JU?ITUGB8:;@T�Z:OPV�Ë�E@TUM�8:V@?IV x:y ?BTL9<;@?
b:A zOPæ:KN?BV[K\?IJUTLW�E@V[K\?BAQ;`8:TLS�='?BW�|�?B?IANWNWQ~@JU?IbP?BTLW6TLJU?IbP?BV�c�¿±O�ó x ��ñPñ:ñ w �
½�?IA±bP?IA\8:=@TLJUV@JLbP?YË�?BANTU8:E'FD=@?IA�Õ�V@WQ?BTUM3?IKQK\?�GBE@WN8:�X�>?IV^�>JaK±='?B�ÐGIE@V@?I;@�>?IV@=@?I�È��TaK\?BA4=@?BW�Ë�E'TUM�8:V��
b:?BWQKN?BJLV@W�F zE@;@A�K\?/÷øJUTLWNOPVÑc ��ñP� Ý w E@V@=À|�O:ANb[8:V¾c ��ñ[ì�� w 8:E'F�=@JL?/S@JUW
;'?BE'KN?´b zE@TLKNJUbP?{Þ�;@?BO:ANJU?/KNJU?vF�JU�
|�8:V[K\?BTY?IVRKNWQKN?B;@?IV@=@?BV�W�K<83KNJUOPV z8:AN?IVß½�JU8:~@JUAQ?:�Ò÷ z8:;@AN?IV@=Ñ=@JU?¤~`8:GIJL�`WQ9<;@?�]�TU83KNKN?¤WNJU9<;ÑAN?ITö83KNJLZØGBE@�
=@8:ANE@V[KN?BA^TLJU?Bb:?BV@=@?IV�|d83VRKN?BTL��83KN?BAQJö8:T�S�? y ?Bb:K x S@TL?BJLS'K�='JU?��
E'?BTUTL?�='?BW�Ë�E@TLM�8:V@JUWQ�/E@W>8:V@V z83;@?BAQV@=
O:AQK\W�FH?BW�K
E@V@=dF zE';@AQK�WNO^GIE¼?BJLV@?BA���~@E@A�Z:OPVdË�E@TLM�8:V@?BV(�(½�?IA�� zE@V@b:WQK\?,Ë�E@TUM�8:V�=@?BA�Æ�8 y 83JUJa���
?IKNKN?�JUWQK
='?BA"C.OPJU;@J.��?³8:�XOPE@V[KB�`�_A"?IV[K\WQKN?B;[K�?vK y 8XÝPÜ´MR�ÈZPOPAY=@?IAYW zE@= zO:WQK\TLJU9<;@?IVd� zE@W�K\?�=@?IA6Æ68:E@~'KNJUV@WQ?BT��
�6TUW>Â6AQWN~@AQE@V@bPWQAN?Bb:JUOPV�=`83W^Æ�8 y 8:JUJÉ��]_TUE'�>?IW y JLAN=¾=@JU?d¿�|dÓ x AN?BWQ~1?IM[K\JLZ:?¼=@JL?d½qIB����9<;@JL9<;RK x 83V@bP?v�
V'OP�>�X?BV¼c�G3� Ó��s2:J�E@V@=}7683K<8�F�c ��ñ:ñPò wNw �[Þ�O:�>OPb:A\8:~@;'JUWN9<;'?�|�On=@?ITUTU?YE@V'=}Â6V[K\?IANWQE@9<;RE@V@bP?IV�=@?IA±�6V@Ja�
WQO:K\AQOP~@JL?{TLJU?IFH?IANVdÆ6JUV y ?BJLWN?/83E'F_K\JL?IFHAN?IJU9<;@?IV@=@?/Á�?IWN9<; y JUV@='JUbPM3?BJLKNW\8:V'OP��83TUJU?IV�����JL?{WQJUV@= y ?Bb:?BV¦JU;'AN?BA
b:?BANJLV@bP?IV}��E'Ô zO:WNE@V@b�JLV@WNS�?BWQOPV@=@?IAN?
�XJLK�GIE@V@?I;@�>?IV@=@?IA"Þ�JL?IFH?��Q?I=@On9<;�VRE@A±S1?I=@JUV@b3KY8:E@WQW\8:bP?IMRA z83FjKNJUb@�
½�?IA�bP?IM:OP~@~�?BTaK\?��6V@WQKNJU?Ib´=@?BA�Õ�WQO:K\O:~1?IVRZ:?BAQ; z8:TLKNV@JUWQWN?�Z:OPV �M­ t �
W e �M­�­ ��W�WNO y JL? �M­.® ��W e �M­�­ ��W�JUW�K�8:S�?BA
?IJUV�Ö(?BJL9<;@?BV�8:E'F_|d83KN?BANJU8:TU?IJUV[K\AN8:b´8:E'W"='?B� z8:E'æP?BAQ?BV���?IANVØc�Ó±AN8:V@=@O:Và�v� t iaq x ��ñPñ:ò w �
Â"V@WNJL9<;@?BAQ;@?BJaK\?IV}S1?IG zE@bPTLJU9<;^='?BW�Â"ANWQ~@ANE@V'bPWNOPA�K\?IW�=@?BW�]_TLE@�>?IW±S�?BW�K\?B;'?BV}WNO:�>JaK y ?BV@JLbP?BA4JUV>=@?BA4Þ�JU?v�
FH?X8:TLW�ZnJU?BTL�>?I;@A
JUV�=@?IA{TU83K\?IA\8:TL?BV�]ÒOPWNJaK\JUO:V��.Ï`OPE@9<;��v� t iaq4cfÄ:Ü:Ü � w TU?IJLKN?BV�8:E@W�=@?IA,�6V@JUWQO:K\AQOP~@JL?´JU�
E'VRKN?BAQWQK\?IV¦|d83VRKN?BT.?IJUV@?>��E@?ITUTUAQ?BbPJLOPV�='JUAN?IM[KYE@V[K\?BAQ;`8:TLS�='?BW"Æ6O:KNWN~�O:K\W�E'V@=¤WNOP�XJLK�?IJUV@?IV¤WN?BV'MnAQ?B9<;[K
83E'FHWQKN?BJUb:?BV@=@?IVØ]_TLE@�>?�83S��Q2:J_E@V@=À7�83K\83F�c ��ñPñ:ò w ~1O:WQK\E'TUJU?IAN?IV¦?BS�?BV'F�8:TLTUW
?IJUV@?IVÀV`83;@?BGIEØWN?IV@MRAN?I9<;��
KN?BVà��E�FHWQK\JL?Bb¦=@?IWX]�TLE@�X?BW x WN?I;@?BVÑ=@JU? ��E@?ITUTLAN?Bb:JUOPV}�Q?B=@On9<;à?IK y 8:W�V@OPAN= y ?IWQK\TLJU9<;à=@?IA�Æ�8:E@~�K\JUV'WN?BT
Æ68 y 8:JLJf�`�_JLV@? y ?IJLKN?BAN?�K\O:�>OPb:A\8:~@;'JUWN9<;'?�Â6V[K\?IANWNE'9<;nE'V@b^?BAQb[8:S¤V@JL?B=@AQJUbP?IAN?,Á
?BWN9<; y JLV@=@JUb:M:?BJaK\?IVdE@V��

Ý:Ý

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ý � �
	��_
� �"!k¯n��� 	 ê w�èÝ ���6ê w Ù%� w�è�� ê � � z±
 �  

Í�Î>ÎWÏÑÐ¹ÒËÓEÔ?Õ
�\×{4^Ù î	Ï�Ô\Ý¨ÞWÏÑÐ�ÓEÔ?Õ³ÒâÞWå�49Ó�Ð¥èËÛXÔ2ÞjÒâÞWå¦Î'Þ4èXÛËÔ0Ô\Ý¨ÞWÔ±°u²9³Q²9´1´¶µSÊz·
¸�¹�º»·3´1·½¼E¹�·±¾À¿�²9µ �!Á ¹�·s¼
Â ·�¼�¼>¹�·=³Ã¹�´ÅÄM¹ Á · 8¿ Á ¼�º»´ÅÆ�Ç�È9¹ Á ºÉ² Â�Ê ¹�·s¼E¹�·Õ/=¹.²9µ �
Á ¹�·�¼
;d² Â ¸�Ë,ËU¿�{
;§4�Ì�Ì�Ì�Í$Í9Î
Ï�¹ ÁÑÐ ²'Ç Â�Ò ¿9·s²i-�¹$²9µ
Ó ¿ Â ·sÄ Ê 8Â º1º»ÄB¹�´1·�¹-¾,8Â Æ Ò ¹Ô´ Ó ¾À¿�²�µ �!Á ¹�·s¼�ÎTÏ�´�¹�¸�¹ Á 4 Â º Ò ²9·w´¶¸]ÄÑ´1·�¸�¹�´¶·�¹ ÁHÕ ·ÖÄÅ³U´�Æ Ò º Â ·>×�¿rØ¬¹�·�Ù$² Á
´ Ó�Ú Á 8²9¸�Æ�Ç>´¶ºÉ¼9µ§-ÖÄj²�¼9´ Â�Ó ¸�ÄM¹]Ç�¹�·�×>¹
Ù�ºn´j¹
Ùz¹�·r;�|H² Á Æ�´�²�}�~)���j�ÜÛÃÝ�Ì�ÌEÞzÍ�Î

ß�àJá]âTã�ä¶åçæ�è�é Æ ã9ê�ã�ë1ë-åAë¶ì^ë¶éîí Ü:ÜPÜ3ï!ðÅÞ ë1à
ñjà�òQóAë1à ðõôè�ö�ä1ë¶÷�âAà'á$ê�àJë1ìzà ð ë¶ß,àJë1éAàJá,êÔà'ë�ß�à'á^é ôè�ázóAä1ë¶÷�âçö�à�ø
ä1àJö�à'éAàJé§ùaéAè ð ã�ä¶ë1à,åAë1ì�úJûAá=ü I ø.ýs÷�âAë¶÷�â!ßaæ�à'á ï é ôûAþ�ñ�ß,ë1ì$ß�ÿ��«âAã�èAòUí��������
	��Hë1é�àwã�éAóAàJá]à�ý�
]ûAóAë¶à�à'ázö
ã�å
ì�
�ã�á ï àpùuéAë1ìzè�
�ázè�þAë1àwó�ûAá]÷�â ý�
�á ôè ð ûAéAö�à'éçã�éçó�à'á��=à'á]éÖø��õã�é�
]à'ä�ø���ázà'éAúJà�ë1é���ë¶÷�â�
�ûAéAö3óAàJì��Hä1û ð à�ø
ì]÷�âAä1ã�ûA÷�âAàJì�	Öü�à'ìzì]àJé��çûAázú'à'ä�å�à �TéAóAà 
-ì]ë1÷�â�óAà ð éAã�÷�â�ì ôûAó ôè�ì�
�ä¶ë1÷�â�æ�è�é"!aã9ê¬ã>ë1ëUÿ#��û�ì]ì]àJä%$ &%'�(*)1ò��,+�+�-�� 	

L3é¾ë�é�ë . ï0/.@g÷"ó=�´ðA< ïÓð
ü�ë1à1�Hé�
�ê|ë1÷ ï ä1û�éAöçàJë1éAàJì"!uè�
]ì]þ è�
zø�2-ûAä ï ã�éAì�æ�à'ázä ôã�û�ñ3
�éAã�÷�âkàJë1éAà ð à'ë¶é�ñMã�÷�âAàJé ýÖ÷�âAà ð ã å à'ö�ë1éAéAàJéAó
ð ë*
aó�à ð ì]ûAå ð ã�ázë1éAàJé4� ã>÷�âAì�
]û ð åAë¶ìaúJû ð �Házá]à'ë¶÷�âAà'éXó�à'ì��½àJà'á]àJì]ìzþAë1àJö�à'ä¶ì�	65�å à'á]âAã�ä1å½ì]à7
]ú7
�ìzë1÷�â
óTã�ì0�:ã�÷�âAì�
]û ð êÔà'ë*
�à'á�ñjè�á�
�ûAéAó§àJì,àJé�
�ì�
]à'âAàJé98�éAìzà'ä¶éÑòÑóAë¶à ð àJë1ì�
=ã�ûAì ð à'âAázà'á]àJéçýs÷�âAë1ä¶ó�æÖûAä ï ã�é�à'é
ã�û�ñjö�àJåTã�û�
,êÔà'á]ó�à'é:	%�Hé;
zñjà'ázé;
qì]ë¶÷�â:óAàJá�2-ûAä ï ã�éçìz÷�âAä1ë¶à�<�ä¶ë1÷�â§ì]è�êÔà'ë*
qæ�è ð !uè�
]ì]þ è�
9òBóTã�ìzì^àJá^ó�ûAá]÷�â
ë1âAéféAë¶÷�â�
 ð à'â�á�ö�à'ì]þ à'ë¶ì�
 êÔà'ázóAà'é ï ã�é�éÑòTà'ázä1ë1ìz÷�â�
|óAà'á=2-ûAä ï ã>é:	
�:à 
>
]à'á]àJë1é�? ôûAì]ìzà�û�éAó�óTã�ì@�Hë1é
ê|ë¶á ï àJé�óAà'á@AÔá�ã�éAó�ûAéAö=å à'ö�ë¶éAéAà'éwå à'ázà'ë*
�ì ê ôã�â�á]à'é�ó�ó�à'á-ã ï 
�ë�æ�àJé��-âAãEø
ì]à>òÃóTã>ì�æÖûAä ï ã�éAë1ìz÷�âAàB�õã�
�àJá]ë1ã�ä ê|ë1àJóAà'á,ã�åAúJû�
�á]ã�ö�àJé:	%��ä¶à'ë1÷�â�ú'à'ë*
�ë¶ö±ñ ôûAâAá�
,óAë¶à�ùaû�?Àã>ì�
^óAà'ìC2-ûAä ï ã�éÖø

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



¯;DX��DFE0GIHKJMLONPLMQ>Q�R�J�SUTWV�XOS�T Y�Z

ð ã�ìzì]ë¶æÖì ï è ð åAë¶éAë1àJá�
 ð ë[
ÃóAàJáI��è�é;
]á�ã ï 
]ë1è�é�ó�ûAá]÷�â�ùaûAì ïBôûAâAä1û�éAö�ú'û ð ùaåAìzë1é ï à'é�óAà'áI\Uë*
�âAè�ìzþAâ ôã�ázà'ésø
þ�äÅã�
�
�à ÿ�]_^�` a b#c�$ d�ef� 	g� ë1ázó ï àJë1éõêÔà'ë*
�àJá]à'ìh�õã�ö ð ãpö�àJñ ôè�ázóAà'á�
9òÀæ�à'ázì]ë¶é ï 
=óAë1à�8�éAìzà'äÃê|ë¶à'óAàJáaë ð �½à'àJá
û�éAópå�ë1ä1ó�à7
 ìz÷�âAä1ë¶à�<�ä¶ë1÷�âwàJë1éAàJé"i ë¶àJñjìzà'à'å à'ázöpÿ�]:$>' �Bj ^�dg&k�
	��:àJë1ì�
Hà'ë¶é�ìzè�ä1÷�â�à'á@i ë1à
ñjì]àJà'å à'á]ö,à'ë¶éAà óAûAáz÷�â
ùuåAá�ã>ì]ë1è�éDà'é�
�ì�
�ã�é�óAà'éAà�àJå�àJéAà�!uèÖ÷�â�? ôã�÷�â�à�ã�û�ñ.òÀê|ë1á]óXàJá�ã�ä¶ìmln^�o j & å�àJú'à'ë¶÷�âAéAà 
p	Uü�ë¶àqùaåsñjè�ä1ö�à,óAàJá
�Hé�
�ê|ë1÷ ï ä¶ûAéAö�ìzì�
�ã>óAë1àJé±ûAéAópóAà'á-æÖûAä ï ã�éAè�ä1è�ö�ë¶ì]÷�âAàJé±ý;
�ã�óAë¶à'é�ë1ì�
Ôë¶émq0`,`�b3(*c�^�d�rhst)vuaìz÷�âAà ð ã�
�ë¶ì]÷�âpóTã�á$ø
ö�à'ì�
]à'ä¶ä[
p	

�Qà7
]á]è�ä¶è�ö�ë1ìz÷�âkê|ë¶á]ó óAàJám!uã�ê�ã�ë¶ë�øw2-û�ä ï ã�éAë¶ì ð ûAìwë¶ékæÖë1àJá±ý;
�ã�óAë¶à'é û�é;
]à'á�
�à'ë¶ä[
Dÿx�|ë1å àfûAéAózy�âAázë1ì�
]à'ésø
ìzà'éÑò@�p+�+�+�{:iÃã�ö
ã ð ë|$ &}'�(*)1òUí���� Y ��ò�êÔè�å à'ë-ã�ä¶ä1à'ázóAë1é�ö�ìaéAë¶÷�â�
=~zàJóAà'áh2-û�ä ï ã�é§ì ôã ð 
�ä1ë¶÷�âAàqæÖë1àJá,ý�
�ã>óAë1àJé
ó�ûAá]÷�âAä ôã�û�ñ3
�	��HâTã�ìzàh8-ë1ì�
�óAë¶à}8�éAë*
�ë¶ë1à'ázûAéAö,óAà'ì�2-ûAä ï ã�éAë¶ì ð û�ìÔë ð������'�a,�f��b3(*c��w]_&�'�c�b3^ � ò
êÔà'ä1÷�â�à'ì óAûAáz÷�â
ùuä ï ã�ä¶ë1åTã�ì]ã�ä[
]àu÷�âAã�á�ã ï 
]à'á]ë¶ì]ë¶à'á�
|ë¶ì�
'ò�
�àJë1ä�ê�àJë1ì]à�æ�à'á ð ë¶ì]÷�â�
 ð ë*
�
�â�è�ä1àJë1ë[
]ë1ìz÷�âAà'é1\Bã9æ�àJé:	g8�éfóAë1àJì]à'áO�HâTãEø
ìzà�êÔà'ázóAà'éç÷9ã�	@�
ø Y�� óAà'ì,ì]þ ôã�
�à'ázà'é���àJì�ã ð 
zæ�è�ä¶û ð à'éAì=óAàJì�2-û�ä ï ã�éAì�ã�û�ì]ö�à
ê�è�á$ñjà'é:	68 ð �Há ôã�ì]÷�âAë¶ä1ósø
ý;
�ã�óAë¶û ð å à7�AéAóAà7
uì]ë¶÷�â½ó�à'á]úJà'ë*
uó�à'áO\Uè�ë1âAëÑýsà9ã ð è�û�é;
�	
8�é��HâTã�ì]à48>8�àJé;
]ì�
]à'â�
�óAàJá"
]âAè�ä1àJë1ë*
�ë1ìz÷�âAà3ýs÷�âAë¶ä1ó:	)ü=ã�ì1]:�f��b3(*c�a &�'�c�b3^ � ë1ì�
 ö�à ï àJéAéAú'àJë1÷�âAé�à7
fóAûAáz÷�â
æ�è�ä1û ð ë¶é ôè�ì]à|�HázûAþ�
�ë¶è�éAàJéÑò
óAë1à ä¶à7
]ú7
�ä¶ë1÷�â�+ Z ø�+�- � óAà'ì@2-ûAä ï ã�é ð ã�ì]ìzë¶æÖìHñjè�á ð à'é:	��½ë[
Hñjè�á�
�ìz÷�âAá]àJë[
�àJéAóAàJá
�Hé�
]ñjàJá]é!ûAéAö�æ�è ð !uè�
]ì]þ è�
)ê�àJá]óAàJé�óAë1àO\Bã9æ�à'éfã>ä ï ã�ä1ë¶ì]÷�âAàJá�	!ü�àJá�ýÖ÷�âAë1ä¶óTã�û�ñjåTã>û à'é�óAà7
�ë1é��-âAã�ì]àh8�8>8�ò
ó�à ð��|j a &�a,�f��b3(*c��w]_&�'�c�b3^ � ò ð ë*
uó�à ð ùaû�ìzê|ûAá$ñHæ�è�éDùuä ï ã�ä¶ë1åTã�ì]ã�ä[
]à'éÑòsóAë1à�÷'ã�	6� � óAà'ìh��àJì�ã ð 
]æ�è�ä1ûsø
ð à'é�ìuã>ûAì ð ã�÷�âAàJé:	
ü=ã>éTã�÷�â�
�ázë[
>
 à'ë¶éAà|�HâTã�ì]à,ÿ#��ò»í Z åAë1ìHísò����½ë¶èC��ã�âAázà,�ÃæÖûAä ï ã>éAë1ìz÷�âAà'áI�|ûAâAà àJë1éÑò>óAà'áHìz÷�âAä1ë¶à�<�ä¶ë1÷�â��HâTã�ìzà
8w2¤ñjè�ä1ö�
�	,8�éwóAë1àJì]à ð��gj a &�$ ��j a b3dt'�(v$ d�èÖóAà'á���$ ���:�^�d�r�&�$ d�]_&�'�c�b3^ � êÔà'ázóAà'éwûAé�
]à'á ï ë¶à'ì]àJä[
]à�ò�ì�
�ã�á ï ã>ä ï ã�ä1ë ø
ìz÷�âAà0\Bã9æ�àJé�ö�àJñ ôè�ázóAà'á�
9òÖóAë1à���� � óAàJì=�=à'ì�ã ð 
]æ�è�ä1û ð à'é�ì�ã�û�ì ð ã�÷�âAà'é�	��|à'ú'àJé�
�à'ém2-û�ä ï ã�éAë¶ì ð ûAì)óAàJì
æ�à'á3~ ôûAéAö�
]à'éfý�
�ã�óAë¶û ð ì@�Té�óAà7
 ð ã�é�ã ð !uã�ä1à'ã ï ã�äÅãsò;5�ì�
zø��õã�ûAëÃÿ32)ã�ä1åAá]ã�÷�â�
0$ &I'�(*)1òg�,+�+���{;A�à'ázö ð ã>éAë1ì
$ &�'�(*)1òÀí�������{�iÃã�ö
ã ð ë�$ &�'�(*)1òÀí���� Y � 	

�Hë¶éXó��ÖéTã ð ë1ì]÷�â�à'ìU�½èÖóAà'ä¶ä óAàJìU!uã9ê¬ã�ë¶ë�ø�2-ûAä ï ã�éAë¶ì ð û�ì�æ�è�é���ë¶å�à�û�éAó�y�âAá]ë¶ì�
�àJéAì]àJé ÿ��,+�+�+��|à'á ï ä ôã�á�

ó�ë1à'ìzà'é3ùaåAä1ã�û�ñ���8 ð �-ä¶û ð à'ì]÷�â�äÅã�ûA÷�â3ã�ûsñjì�
�àJë1ö�àJéAóAàJìuâAàJëv<�àJìO�õã�
]à'á]ë1ã�ä«ê|ë¶á]ó3ã�û�ñ���ázûAéAó�æ�è�éõü�ázûA÷ ï ø
àJé�
�äÅã>ì�
�û�éAö�ã�û�ñjö�à'ì]÷�â ð è�ä¶ú'àJé:	«ü�ë¶à'ìzàqà'ázì�
]àwýs÷�â ð à'ä¶ú'úJè�éAà�àJá]ì�
]á]àJ÷ ï 
�ìzë1÷�âõæ�è�éD÷'ã�	%�p��� ï!ð æ�è�áuóAà ð
�Hä¶û ð àaåAë1ìÔà7
�ê�ãF�,+�� ï!ð âAë¶é;
]à'á¬ó�à ð �Hä¶û ð àwÿdã�û�ñBó�à'á ùa÷�â�ì]à�ë1é AÔàJêÔà'ö�ûAé�ö�ì]ázë1÷�â�
�ûAé�ö óAàJá=�HäÅã�
�
�à,�
û�éAówì]þ à'ë¶ì�
HóAë¶à ý�
�ã�óAë¶à'éP8BåAë¶ìW8>8�8f	�ü=ã�â�ë1é�
�àJá å àJêÔà'ö�
Hìzë1÷�âwóTã>ìI�õã�
]à'á]ë1ã�äÖóAûAá]÷�â�óAë¶à=�õã>é;
]à'ä¶ì�
�á ôè ð ûAé�ö

]ë1à
ñjà'áHûAéAópóAà'áÔýs÷�â ð àJä1ú'þ�á]è�úJà'ì]ì)à'é�óAà7
�	�8 ð A�à'ázà'ë1÷�â Y í��=åAë¶ì Z í�� ï!ð âAë1é�
�àJáHóAà ð �Hä¶û ð à ì�
�àJë1ö�
-óTã>ì
�½ã�
�àJá]ëÅã>äQàJá]éAàJû�
=ã>û�ñ�	 ü�ë1à'ì ñ ôûAâ�á�
uú'ûDàJë1éAàJáuú
ê�àJë[
�àJé§ýs÷�â ð à'ä¶ú'úJè�éAà�ò óAë¶à^ûAázì ôã�÷�â�ä1ë1÷�â½ë1ì�
uñ ôûAá�óTã�ìO8w2P	
ý;
�ã�óAë¶û ð ó�à'ì|2-ûAä ï ã�éAë¶ì ð û�ì�	

�Házö�à'åAé�ë1ì]ìzà¡ã�ûAìXóAà ð �I�I\6�¢¡M�@i�ø��W£sþ�àJá]ë ð à'é�
§úJà'ë1ö�à'é à'ë¶éAà¤¡uë¶à'óAázë1ö�ö�à'ì]÷�â
ê|ë¶éAóAë1ö ï à'ë*
�ì]ã�éAè ð ã�ä1ë¶à
ú
ê|ë1ìz÷�âAà'é¥�½ã�ûAë|ûAéAó��½è�ä¶è ï ã�ë ò ó�ë1à3ã�éAâTã>éAókó�ë1à'ìzà'ìB�½èÖóAà'ä¶ä1ì�ã�ä¶ìB¦�ûAàJä1ä¶à�óAà'ì�æ�àJá�~ ôûAéAö�
�à'é§2-ûAä ï ãEø
é�ë1ì ð ûAì|à'á ï ä ôã�á�
 ê|ë¶á]óçÿ��çè�ä¶ñjà"$ &='�(*)1òÀí����
í�� 	

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Y � ¨ LhX@Q�T%GI©k¯�DFEOLhV«ª%¬�T%GIHMV�ª�­�JBª%¬�®MV:®|GI¯�Q�G}T

°|Ù
Ù�´¶ºÉ¼ Â ·>×�±ÖÎ*²>Ë´³µ Ù$¹ Á ¸]´ÅÆ�Ç>Ä ³Â Ù$¹ Á ¼�´�¹ Õ ·ÖÄÅ³U´�Æ Ò º Â ·>×D¹�´1·�¹]¸�°�¿�Ä1¸�¶�¿�ÄÅµ,· Â º Ò ²9·
¸�Î Õ Á º ³² Â ÄM¹ Á Â ·>×�¹�·
¸z´j¹]Ç�¹P¸�¹�¹�ÄjÎIºd² Â ¸�Ë�°�² »�ºÉ¹�Ä�Ä Â ·s¼=°|¼9·s¼ Ó ²9·½º�²�Þ�Þ�ÞzÍzÍ9Î

¾}¿�À¢¿�Á ÂKÃ�ÄÆÅ;ÇhÈ�Ä /�É ÄËÊ�Ê�Ä

ü�ë1à=2-ûAä ï ã>éAàuó�à'á�!aã9ê¬ã>ë1ë�ø��=à7
>
]à|ä1ë1àJö�à'é�éAë¶÷�â�
¬ã�ûsñUà'ë¶éAà'á)à'ë¶éAú'àJä1éAàJém\Uë1éAë¶à�ò�ìzè�éAóAàJá]é±å�ë1ä1ó�à'é�à'ë1é�àuùuåsø
ñjè�ä1ö�àaæ�è�é3ä1ë¶éAà9ã>á]à'é3ýÖà'ö ð à'é�
�àJéÑòTóAë¶à�ã�û�ñÃú7� ï ä1ë1ìz÷�âAà=æÖûAä ï ã�éAë¶ì]÷�âAàC�Qà'ázë1èÖóAà'é3âAë1é�óAà'û�
]à'é:	Àü�ë¶àI~zûAé�ö�à'é
!aã9ê�ã�ë1ë ø�8�éAìzà'ä1éXêÔà'ázóAà'é æ�è�éçúJêÔà'ë)ã�éAé ôã>âAà'ázéAó:þTã>á�ã�ä¶ä1à'äQæ�àJá]äÅã>û�ñjà'éAó�à'éîýÖà'ö ð à'é�
�àJé:ã>û�ñjö�à'åAã�û�
9òÑê|ë¶à

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



¯;D[Ì�DFE0GIHKJMLONPLMQ>Q�R�J�SUTWV�XOS�T Y�Í

q0`,`�b3(*c�^�d�rOst)3Î¬úJà'ë1ö�
p	>ü�à'á ì ôûAóAä1ë¶÷�âAàMÏ j '��pÐ � $ dtc�ázà'ë1÷�â�
 æ�è ð \Uè�ë¶âAë�ýsà9ã ð è�ûAé�
Hå�ë1ì úJû ð �=èÖè�äÅã�û±ÿ�5=ãEø
â!û_��ò�ê ôã�âAázà'éAófóAàJá¬é ôè�ázóAä1ë¶÷�âAà'ázà�Ñ�$>'��pÐ � $ dtc�óAë1à}2-û�ä ï ã�éAà�æ�è ð ��ë¶äÅã�û�à9ã±ÿ#!aã9ê�ã�ë1ëk�-åAë¶ì|5�ì�
$ø��½è�ä¶è ï ã�ë
û ð ñMã�ìzì�
�	
AÔà'ë1ó�à�ýsà'ö ð àJé;
]à=ûAé�
�àJá]ì]÷�â�à'ë1ó�à'é3ì]ë1÷�âfö�àJá]ë¶éAö�ñ ôûAö�ë¶öqë¶é±óAà'é18�ìzè�
�è�þ à'é
æ�à'á]â ôã�ä[
]éAë1ìzì]à'é3ú�	�A}	�ó�à'ìO5�ì ð ë�ø
û ð ûAéAó�óAà'ì¢¡�à'èÖó�� ð 	
ü�ë¶à=\Bã9æ�à'épóAà'ì¢�=à9ã�ø�iQá]à'é�óAì-é ôã�âAàJá]é�ì]ë1÷�â�óTã�å à'ëg�Ò50�MA)ø�
��ÖþAë1ìz÷�âAà'é"�:àJá�
�àJé
ã>é�ÿ�q0`,`�b3(*c�^�d�r�st)kÓ�� 	�ü�ë¶à'ì ï ôè�éAé�
�àÔóAûAáz÷�â�ë ð þ à'ázë1þAâ�à'á]àJéPA�àJá]àJë1÷�âqó�à'ì��Hä¶û ð àJì]÷�âAä1ã�ûA÷�âAàJì ð ë[
]ö�àJñ ôûAâ�á$ø

]à'ìP�õã�
�àJá]ë1ã�ä)ã�ûAìqó�à'áqùuì�
]âAà'éAè�ì]þAâ ôã>á]à�âAàJázæ�è�á]ö�àJá]û�ñjàJé ê�àJá]óAàJé:	 ü�ë¶à��Qà'ázë1þAâAàJá]ë¶à ì]þ à'ë¶ì�
qúJê�ã�áqóAàJé
�=à'ãEø�iQá]àJéAóÑòÀéAë1÷�â�
uã�å à'á|óAàJéÒ\Uè
ãEøwiÃázà'éAó:ÿx!uã�ûAá]ëdò:�,+�+���� 	_�½ã�
�àJá]ëÅã>äÑë1é4�Ò50�MA-ø��«ûAì]ã ðpð à'é�ì]à7
]ú'ûAé�ö
ï ã�é�éU~zà'óAèÖ÷�â ðDôè�ö�ä1ë1÷�â�à'ázêÔà'ë¶ì]àaã�ûA÷�âfë1é�ö�àJá]ë¶éAö�à'á�i ë1à
ñjàaê ôã�âAázà'éAófóAàJá|ü�ë[Ô�à'á]àJé�
�ëÅã�
�ë1è�éAì]þAâAã�ì]àuë1é±óTã>ì
�½ã�ö ð ãçà'ë¶éAö�à 
�á�ã>ö�à'é¤êÔà'ázóAà'éOÿ3� ã�é�öÕ$ &�'�(*)1ò�í���� Y � 	@2)ã�ä1å�á�ã�÷�â�
�$ &�'�(*)=ÿ��,+�+�����úJë1àJâAà'é ã>ûA÷�â óAë1à
�W£së1ì�
�àJéAú^àJë1éAàJá âAà7
]à'ázè�ö�à'é�à'éÒ�Hä¶û ð à7Ö!ûAà'ä¶ä1à=ë1éFA�à 
�á]ã�÷�â�
p	

ü=ã>ìqùaûsñ3
�á]à 
�àJéló�ûTã�ä1àJáU2-ûAä ï ã�é ï à 
>
]à'é¡ë1ì�
�éTã�÷�âîàJë1éAà ð �3èsóAàJä1ä-æ�è�é×!�ë1à'ázè�é�� ð ûAì�ûAé�ó«A�à'áz÷'è�æÖë1÷'ë
ÿ��,+�+�+���óAë¶àqéTã�
 ôûAá]ä¶ë1÷�âAàP��è�éAì]à7ÖÖû�à'éAú�ã�ûAìaóAà'áh2-àJá]äÅã>ö�à'ázûAéAö æÖûAä ï ã>éAë1ìz÷�âAà'á�ùuû�?Àã�ì�
,ã�û�ñ-óAë¶à�?Tà
£�ë¶åAä1à
\Uë*
�âAè�ìzþAâ ôã�ázà ã�åAìzà'ë*
�ìHóAàJáI!uè�
]ì]þ è�
zørùa÷�âAìzà�	!ü�ë1àJì ö�àJì]÷�âAë¶à'â�
)à7
�ê�ã,å à'ësà'ë¶éAà'áI�|ë1÷�â�
�û�éAö�ì ôã>éAóAà'ázûAéAö�óAàJá
�Hä1ã�
>
]à'é!å�à
ê�àJö�ûAéAö�	Ø5=åXâ�ë1à'ázå�àJë àJë1éAà�AÔë¶ñjûAá ï ã�
�ë1è�éDã�ûAìzö�à'ä ôè�ì�
aê|ë1á]ó«ò�â ôã>éAö�
�æ�è ð ��ã�óAë¶ûAì�óAàJáC�õã�ö>ø
ð ã�Ö!ûAàJä1ä1à¬ã�åÑò
óAàJá-ñ ôû�á�!uã9ê¬ã�ë¶ë ð ë*
Há¢ÙÆ���p� ï!ð ã>éAö�à'ö�à'å à'épê|ë¶á]ó:	�ü=ã�\Uè
ã�øQûAéAó���à'ãEø�iQá]àJéAó�á]à'ä1ã�
�ë�æ
~zû�éAö§ì]ë1é�óÑò ð û�ì]ì�à'é�
�ìzþAá]àJ÷�âAà'é�ókñ ôûAáwë¶âAá]à �Hé�
�ì�
�àJâÖû�éAö:àJë1éAà �|ë1÷�â�
]ûAéAö�ì ôã�éAóAàJá]ûAéAö óAàJá��-ä1ã�
>
]à æ�è�á
÷'ã�	 Y �½ë1è�	���ã�âAázà'éDæ�à'á�ã>é;
�êÔè�á�
�ä1ë¶÷�âXì]àJë1élÿx!�ë1àJá]è�é�� ð ûAì�û�éAó½A�à'áz÷'è�æÖë1÷Jë òØ�,+�+�+��
	«ü�àJáh��Ô�à ï 
=ê ôûAá]ó�à
àJå�àJé�ñMã�ä¶ä1ì�ã�û�ñ3
]á]à 
�à'é«òÑê�àJéAé:ìzë1÷�â ì�
�ã�
>
,óAà'á��HäÅã�
>
�àJé!å�à
ê�àJö�ûAéAö½ë1é§ö�ä1àJë1÷�âAàJáh�:àJë1ìzà�ó�ë1à��Hë1ö�àJé!å�à
ê�à�ø
ö�ûAéAö�óAà'ìO�Hä1û ð à'ì¬æ�à'á ôã�éAóAàJá�
p	

ü�ë¶àC8�éAì]àJä ï à 
>
]à�à'ázì�
�ázà'÷ ï 
=ìzë1÷�âõæ�è�éÚ!aã9ê�ã�ë1ëQã�û�ì]ö�àJâAà'éAóXà 
�ê¬ã Y�Y ��� ï!ð êÔà'ë*
�ûAé�
]à'áaàJë1éAà ð ùaúJë ð û�

æ�è�é�÷9ã�	 Y ����ÛHéTã�÷�â�¡uè�ázó�êÔà'ì�
]à'éDÿx!aã9ê�ã�ë1ë ø�� ôûA÷ ï àJé_�
ò>ê�è,ì]ë¶à¬û ð ÷'ã�	�����ÛHéTã>÷�âB¡�è�á]óAàJé�âAë1é�ã�å ï éAë¶÷ ï 

ÿ#� ð þ à'ázè�á$ø�� ôûA÷ ï à'é_�
	Ü8�é½óAà'áM�|à'ö�ë¶è�é3æ�è�éÒ��ã ð ì]÷�âAã�
 ï ãpàJéAóAà 
�óAë¶à�8�é�ì]à'ä ï à 
>
�à�ã ð ùaä ôà'û�
]à'éAö�á�ã�å à'éÑò
êÔè�ì]ë1à ð ë[
�óAà'á|þTã�úJë[�Tìz÷�âAà'é4�HäÅã�
�
�à=ì]û�å�óAû�ú'ë1àJá�
�ê|ë1ázó:	
ùuûAì]ö�à'âAàJéAówæ�è�éwóAàJá ùuéAéTã�â ð à¬àJë1éAàJìWÖ!ûTã�ìzë�è�á�
�ìzñjàJì�
]à'é��õã�é�
�àJä1þAä¶û ð à'ìQóAà'û�
]à7
Hó�ë1àn�|ë1÷�â�
]ûAéAö�ì ôã�éAóAà�ø
ázûAéAö^óAà'á¢8�éAì]àJä ï à7
>
]à�ã�ûsñÑà'ë¶éAà ôùaéAó�à'á]û�éAö�óAàJá��Hä1ã�
>
]à'é!å�à
ê�àJö�ûAéAö^æ�è�á)÷9ã�	;Ý Y �½ë¶è�	;��ã�âAázà'épâAë1éõÿMú�	�A}	
�çà'ìzì]àJä�ûAéAó9�=á]èÖà'é ï àXÿ��p+�+�-���� 	6� ã>ä ôã�è ð ã�ö�é�à7
�ë¶ì]÷�âAà�Þué�
]à'á]ìzûA÷�â!ûAéAö�àJélã ð ü�à7
]á]è�ë*
^ýsà9ã ð è�ûAé�
qã�ä1ì
iQà'ë¶ä-óAà'áU8 ð þ à'á]ã�
�è�á.ø��=à7
�
�à�à'ázö
ã�å à'é óTã>ö�à'ö�àJé à'ë¶éAà�� ã�é�óAà'ázûAéAöDóAàJì�!uè�
�ì]þ è�
]ìqû ð ÷9ã�	¢�p����� ï!ð
ÿ�i ã>á]óAûAé�èuûAé�ó�y�è�
>
�ázà'ä¶ä ò��p+�+ Í {9ý�
�è�ä¶ä�ûAéAó�\UàJæ�à'éÑò>í���� Y � 	9ü�à ð éTã�÷�â�ä1ë¶à'ö�
«óAà ð ùuå ï éAë1÷ ï à'é^óAà'á68�éAìzà'ä�ø
ï à7
�
�à�àJë1éAà ôùaéAóAàJá]ûAé�öwóAà'á��-ë¶ö�à'é!å àJêÔà'ö�û�éAö�óAà'ì�!aã9ê¬ã>ë1ë�ø��Hä1û ð à'ì-ú'ûF�=á]û�éAóAà�	��=à'ì�
 ôû�
�ú 
¬ê|ë1ázó óAë¶à'ìzà
ùuéAéTã�â ð àuóAûAá]÷�â óTã�ìnßTàJâAä1àJépæ�è�éfý�
�ázû ï 
�ûAázà'é�ë ð ú'ë1á ï û ð þAã�ú'ë*�Tì]÷�âAàJé ��ã�û ð ò
óAë1àuã�û�ñUàJë1é"
�à ï 
]è�éAë�ø
ìz÷�âAà'ì��Há]àJë1ö�éAë¶ìÃæ�è�á@Ý Y �½ë¶è�	���ã�â�á]à'é�âAë¶é
ê�àJë1ì]àJé:	;�Hë1éwìzè�ä1÷�âAàJì-ã�å à'áHâ ôã�
�
�à¬àJë1éAàJáI��ë¶÷�â�
�ûAéAö�ì ôã�éAó�à'á]û�éAö
ó�à'áO�HäÅã�
�
�à'é!å àJêÔà'ö�û�éAö ë¶é3ó�ë1à'ìzà'áM�=á ôè�<�àJéAè�ázóAé!ûAéAöwæ�è�á]ã�ûAìzö�à'âAàJé ð ôûAì]ìzà'é:ÿx¡uè�á�
�è�éÑò:�,+�+ Z � 	
�Hë¶éAàDéAàJûAà'ázä1ë1÷�â�àÚ��ë¶÷�â�
�ûAéAö�ì ôã�éAó�à'á]û�éAöîë1é ó�à'á !uã�ê�ã�ë¶ë�ø��=à 
>
�à½âTã�
 ðDôè�ö�ä1ë1÷�â�à'ázêÔà'ë¶ì]à3æ�è�áfí�ø Y �3ë1è�	
��ã>âAá]àJéõì�
�ã�
>
]ö�àJñjû�éAóAà'é ÿ��çà'ìzì]à'äQûAéAóà�=á]èÖà'é ï à�òØ�,+�+ Í {_y�èp£«ò6�,+�+�+�� 	Aü=ã�ìW~ ôûAéAö�ì�
�àqýsà'ö ð à'é�
�óAàJáM8�ésø

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Y - ¨ LhX@Q�T%GI©k¯�DFEOLhV«ª%¬�T%GIHMV�ª�­�JBª%¬�®MV:®|GI¯�Q�G}T

ì]àJä ï à 
>
]à�ÿx\Uè�ë¶âAëUåAë¶ì�à 
�ê¬ãm�½è�ä1è ï ã>ë3á�5=ã�â!û_�)êÔà'ë¶ì�
uà'ë¶éAà'é½ùaú'ë ð û�
|æ�è�éõà7
�ê�ã Y í Z Û ã>û�ñ�	t��ê¬ã>á�ê|ûAázóAà
à'ë¶éAà ôùaé�óAà'ázûAéAöwóAàJá=�HäÅã�
�
�à'é!å àJêÔà'ö�û�éAö�ë ð ö�ä¶è�åTã�ä¶à'ém��ã�â ð à'é éAë1÷�â�
 àJá ð ë[
>
]à'ä*
9ò7~zà'ó�ès÷�â ï ã�éAé�ó�ë1à'ìzà
ôûAå à'á ó�à'é�ö�àJá]ë¶éAö�à'éP�«à'ë*
�á�ã>û ð ã�éAâAã�éAó�óAàJáÃúJûAö�ázûAéAóAà¬ä¶ë1àJö�à'éAó�à'é�ü=ã�
�à'é^éAë1÷�â�
Ãú'û�æ�à'ázä ôã�ìzì]ë1ö�ã�û�ñjö�àJä ôè�ì�

ê�àJá]óAàJé¡ÿ��=á]ë¶þAþ�ûAéAó4�=è�á]óAè�éÑòÀí�����í�� 	

°|Ù
Ù�´¶ºÉ¼ Â ·>×@±ÖÎ[âEË µ ·sÄM¹ Á ¸�Æ�Ç>´�¹$¼E¹H´1·^¼E¹�·}ã$¸�¿�Äj¿�¶
¹�·ÖÈ9¹ Á Ç ³²9ºÜÄÅ·!´¶¸$¸�¹�·�¼E¹]¸=ä ¸ Ó ´ Â�Ó¤Â ·s¼�¼E¹]¸6åu¹$¿�¼p¼ Ó Î
·Ö¹ Á ×�º»´ÅÆ�Ç�¹�· Ó ´ÅÄH¼E¹�·«æp¹ Á ÄM¹�·f¼E¹]¸|¾À¿�²9µ
¸ Á ¹�·s¼'¸�º Ú Â · Ò ÄM¹ Í�º»´�¹M×>¹�·3¼9´�¹ æp¹ Á ÄM¹�¼E¹]¸=ç=¹.²9µ
¸ Á ¹�·�¼'¸
ºvç Á ¹�´¶¸�¹ Í�´1·f²9º1ºÉ¹�·�è ³²9º1º ¹�·�· ³²'Ç
¹ Á ²�·3¼E¹�· Ð äØé¢ê-µrÄk¼�¶s´¶¸�Æ�Ç
¹�·¤æp¹ Á ÄM¹�·Úºkç ³²'¸]ÄjÆ�Ç�¹�·�Í�Î Õ ´¶· Õ ´1·!µ
Ä Á ²�×qÈ9¿9· Ð ²9·sÄM¹�º Ó ²�ÄM¹ Á ´Å²9º«´¶¸]Ä ¼�²'Ç�¹ Á ³Q²'Ç Á ¸�Æ�Ç�¹�´1·!º»´ÅÆ�Çàºd² Â ¸�Ë °u² Â Á ´Iº Ý�Ì�Ì�ëzÍzÍ9Î

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



¯;D[Ì�DFE0GIHKJMLONPLMQ>Q�R�J�SUTWV�XOS�T Y +

¾M¿�À�¿�ì ÂíÃ�Äïî�ðËñ�ðIÃ�Ã�È�òÜónñ9Ä /�/ Ä

ü�àJá ì ôûAó ôè�ì�
]ä1ë1÷�â�à�iQà'ë¶äUóAà'ìM!aã9ê�ã�ë1ë ø�� ôûA÷ ï àJéAì|ë1ì�
|û ð ö�à'å à'éfæ�è�é3óAà'á|þTã>á�ã�ä¶ä1à'ä�ú'ûAá|8�éAìzà'ä ï à7
�
�à,ö�à'ázë1÷�âsø

]à7
]à'élì]è�ö�àJéTã�éAé�
]à'é§!aã9ê¬ã>ë1ë1ìz÷�â
ê�àJä1ä1à>òHà'ë¶éAà ð�ð àJâAá]àJá]à�â!ûAéAóAàJá�
B�=ë1ä1è ð à 
�à'á^åAá]àJë[
]à ð �=à'å�ë1à7
'ò óTã>ì
àJë1éAàJékû ð à7
�ê�ã§� Z ��� ð ?Tã�÷�âAà'ázà'éô�½à'àJá]à'ìzå�èÖóAàJé ã�û�ñ�êÔà'ë1ì�
9ò-ã�ä¶ì�ë1é¡óAà'á��|à'ö�ë¶è�é ôûAåAä1ë¶÷�â¡ë1ì�
�	-ü�ë1à

]è�þ è�ö�á�ã>þAâAë1ìz÷�âAàfùaéAâ�à'åAûAé�ö:ö�àJâ;
�àJë1éAâAàJá ð ë*
�à'ë1é�à ð �=à'è�ë¶ósø�!�ès÷�â«òÃê|ë1ààq0`,`�b3(*c�^�d�ràst)�s óAà'û�
]ä1ë¶÷�â
ð ã�÷�â�
p	
ßTá ôûAâAà'ázà �½èÖóAàJä1ä1à�ö�ë¶éAö�à'é æ�è�éîàJë1éAà ð ùaû�ñjì�
�ë1àJöDå à'óAë¶éAö�
^óAûAá]÷�âîàJë1é�ñMã>÷�âAà�
]âAà'á ð ë¶ì]÷�âAàB��£sþTã>éAì]ë¶è�é
ã>ûAì�	��-é�
]äÅã�éAöqóAà'ì}õ0'�ö¢'�b3b#'�dF]_ö�$ (3(�ë1ì�
�
�ã�
]ì ôã�÷�â�ä1ë1÷�â à'ë1é à'á]â ôè�â�
�à'án� ôã>á ð à7?TûAìzì�ñjà'ì�
�ì�
�à'ä¶ä1åTã>á'òp~zà'óAèÖ÷�â

°|Ù
Ù�´¶ºÉ¼ Â ·>×}±ÖÎ÷±ÖË:ø ³Â ¼ ³¿9¸]ÄÅº»´ÅÆ�Ç�¹ Á ° Â ¸z¸�Æ�ÇE·!´ÅÄ�Ä ¼E¹ Á °�²�³Q²9´¶´1µ Õ Ó ¶
¹ Á ¿ Á µ3ç=¹�Ä�ÄM¹�ËÃ²]ÍB¸Ö¿>¶�¿.× Á ²�¶ÖÇ>´�¸�Æ�Ç�¹�¸
é-¹�º»´j¹ Ê ¼E¹]¸ Ð ¹z¹ Á ¹]¸�Ù.¿�¼E¹�·
¸^Ù ÍCé-¹]¸]´Å¼ Â ²9º ¹]¸"ù-¹$¿9´Å¼�·s²�Æ�Ç�°|Ù�» Â ×�¼E¹�¸ Á ¹j×�´Å¿�·s²9º ¹�·¤ù-¹.¿9´�¼'¸�Înº ² Â ¸�Ë
æp¹]¸z¸�¹�ºØºdÝ�ÌEÌ,â�Í$Í�Î

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ý�� ¨ LhX@Q�T%GI©§ú�DFEOLhV«ª%¬�T%GIHMV�ª�­�JBª%¬�®MV:®|GI¯�Q�G}T

é!ûAá�ë¶é ð èsó�à'á�ã�
�à ð ùuûAì ð ã�<,ûAéAó ð ë[
-ö�á]è�<�àJémÞ�éAá]àJö�à'ä ðDôã�<�ë1ö ï à'ë[
]à'é½ÿ��3èsè�ázà�$ &@'�(*)1òg�,+�+�-��
	��«ûAóAà ð
�TéAóAà 
 óAàJá¬ùaû�ñjì�
�ë¶à'ö�óAàJá|ýs÷�â
êÔà'ä1ä¶à�ë1épà'ë¶éAà ð ö�à'è�ä1è�ö�ë¶ì]÷�âpì]à'â�á ï ûAá]úJà ð �«àJë[
]á�ã�û ð ì�
�ã�
�
9òsì]è�óTã>ì]ì¬àJë1é
á]àJë1é1
�à'á ð ë¶ì]÷�âAàJìM�½èsó�à'ä1äUúJûAáO�Há ï ä ôã�ázûAéAö�éAë¶÷�â;
uã�û�ì]á]àJë1÷�â�
p	t�Hë1é3ú'û�ì ôã�
]ú'ä1ë¶÷�âAà'áO��Ô�à ï 
aàJé�
�ì�
]à'â�
aã�ä1ä¶à'á$ø
óAë1é�ö�ìaóAû�á]÷�âXóTã�ì�ã�û�ñ�ê ôã�á�
�ì]ì�
�á ôè ð àJéAóAà��-ä¶û ð à ð ã�
�àJá]ëÅã>ä ò�êÔà'ä¶÷�âAà'ì=àJë1é¤c�o�dt'�û�bva,�f�g$fa4ü � (ýb þ
&Qà'ázú'àJûAö�

ÿ��çà'ìzì]à'ädò6�,+�+ Y {gy�ì]à'ázà'þ à'ì�$ &n'�(*)1ò í�������å_�
	
ü=ã�ì ùuû�ñ3
�ázà7
�àJé�óAà'ì-ó��ÖéTã ð ë1ìz÷�âAà'é"Þ�þAä1ë�ñ3
�ìBê|ë1á]ówë¶éAóAë¶á]à ï 
Hó�ûAá]÷�â�à'ë¶é�ã�éAóAàJá]àJìI�-â ôã�éAè ð à'é�å à'ì�
 ôã�
�ë¶ö�
p�
ü�ë1àC8�éAìzà'ä%\Qã>éTã�ëUì�
]à'ë¶ö�
�~ ôã�âAá]ä¶ë1÷�âfû ð à 
�ê¬ã�í ð�ð ã�û�ñ�	_�Hë1éAàU�Há ï ä ôã>á]ûAéAö�ä1ë¶àJñjàJá�
|óAë¶àUßÃä1à £sûAá|óAàJá}\Uë ø

�âAè�ì]þAâ ôã>á]àõå à'ó�ë1éAö�
�óAû�á]÷�â ýÖûAåAì]ë¶óAà'é�ú�ò-ê�àJä1÷�âAà½óAûAá]÷�â¤óAë1à�æÖûAä ï ã�é�ë1ì]÷�â�à½ùuû�?Àã�ì�
pæ�è�ézÿ|b*r��fa (*'�dtc
æ�àJá]ûAázì�ã�÷�â�
,ê|ë1á]ó�	«ü�ë¶à'ì]àJá}2-è�ázö
ã�éAöpà'á ï ä ôã�á�
�~zàJóAèÖ÷�âXéÖû�á�à'ë¶éÒ2�ë1àJá�
]à'äQóAà'ì=å à'è�åAã�÷�â�
�à7
]à'é ùaû�ñjì�
�ë¶à'ö�ìJò
ì]è½óTã�ì]ìqã�ûA÷�âçâAë1àJá,àJë1é ú'ûAì ôã�
�úJä1ë¶÷�âAà'ì��-ë¶é
ê|ë1á ï à'éçóAûAá]÷�â ã�û�ñjì�
]á ôè ð à'é�óAà'ì��õã�
]à'á]ë1ã�äHà'á$ñjè�á]ó�à'á]ä¶ë1÷�â ë1ì�

ÿ��«âAè�éAö�ûAéAó1� ã�
�
�ìJò í����
í��
	
ùaû�Ô ôã�ä¶ä1ë1öpë1ì�
=à'ë¶éAà�ùaì�� ðpð à7
]á]ë1à^óAà'áC!uã9ê¬ã�ë¶ë1ìz÷�â!êÔà'ä¶ä1à��Uü�ë1à^é ôè�á]ó�ä1ë1÷�â�à�ß äÅã>é ï à�ë¶ì�
=â ôè�âAà'áaûAéAó ã�ûA÷�â
åAá]àJë[
]à'á�	�ü�ë¶à'ìUë ð þAä¶ë1úJë1à'á�
9ò�óTã�ìzìØ� ôã>á ð à'à'é�à'á]ö�ë1à æ�è ð �Hä1û ð àHéAè�ázó�ê ôã�á�
]ìBë1é�óAà'éqã�åAìzà'ë[
]ìUóAà'á%!uè�
�ì]þ è�
$ø
ùa÷�âAìzà ö�à'ä¶à'ö�àJéAà'é"�½ã�é�
�à'äsö�àJñ ôû�âAá�
 ê|û�á]óAàÔøÑà'é�
�êÔà'óAàJá)ó�ûAá]÷�â"�õã>é;
]à'ä¶ì�
�á ôè ð ûAé�ö�à'éwèÖóAà'áÃóAûAáz÷�â��|ë1÷�âÖø

�ûAé�ö�ì ôã�é�óAà'ázûAéAö�	_� ôã�á ð à7?AûAì]ì ð àJì]ì]û�éAö�à'éõå�àJì�
 ôã�
�ë1ö�à'é3â ôè�âAàJá]àC�:àJá�
�à^ã�é3óAà'áM¡uè�á]ó�?Àã>é ï à ÿ��çà'ìzì]à'ädò
�,+�+ Y {�y�èp£�ò��,+�+�+�� 	Ãü�ë1àJì]àBA�à'è�åAã�÷�â�
�ûAéAö§ë¶ì�
 ï è�éAìzë1ì�
�à'é�
 ð ë[
^óAà'éîè�å�àJéîã�éAö�à
ñ ôûAâAá�
�à'é×�3èsóAàJä1ä�æ�è�á.ø
ì�
]à'ä1ä¶ûAéAö�àJé3ã��Ôú'û�áM�Hé�
�ì�
�àJâÖû�éAö óAàJá óAûTã�ä¶à'é 2-ûAä ï ã>é ï à 
>
�àJéfóAà'ìO\Uè
ãEø-û�éAóF��à'ãEø�iQá]àJéAóAì|ûAéAó3å_��úJûAá
�Há ï ä ôã�ázûAéAö�óAàJá¢8�ìzè�
�è�þ�àJé!æ�à'ázâ ôã�ä[
]éAë1ìzì]à�óAà'ì¢�=à9ã�ø�iQá]à'é�óAì-óAûAá]÷�âm�õã�
]à'á]ë1ã�ä1àJë1é�
�á]ã�ö�ë ð þ à'ázë1þAâAàJá]àJéBA�à�ø
á]àJë1÷�â3óAà'ìM�Hä1û ð à'ì7	

����� �	��

����� ��

���������

A�à'ó�ë1éAö�
QóAû�á]÷�â�óAë¶àHö�à'è�ö�á�ã�þ�âAë1ìz÷�âAà�\Bã�ö�à)ìzë1éAó,ì]àJë1ì ð è�ä¶è�ö�ë¶ì]÷�âAàIÞ�é;
]à'ázì]ûA÷�â!ûAéAö�à'é�ã�û�ñ�óAà'éU8�éAì]àJä1é�æ�è�é
!aã9ê�ã�ë1ë ð ë[
uýs÷�â
ê|ë1àJá]ë¶ö ï àJë[
�àJéõå à'âTãEñ3
�à7
�	 ü�ë1à'ì|å à7
]á]ë[Ôt
�ú'û ð AÔà'ë1ìzþAë1àJäBóAë1à02-à'á�
�àJë1ä1û�éAöpó�à'á}�½à'ìzì]ì�
�ãEø

�ë¶è�éAà'é�	�Þ�é;
]à'áÃóAà ð ùaìzþ�à ï 
HóAà'á ôÞuå à'ázóAà'÷ ï ûAéAö�ë¶ì�
ÃóAë1àÔã�ûAìzì]÷�âAä¶ë1à�<�ä1ë1÷�â,äÅã>éAóAö�àJåAûAéAóAàJéAà|ý�
�ã�
�ë¶è�éAì$æ�à'á.ø

�àJë1ä1û�éAö ûAé�ö ôûAéAì�
�ë1ö�ò�óTãpóAà'á}Þué�
�àJá]ö�ázûAéAó§ã�û�ñ-ó�ë1à'ìzàU�çà'ë¶ì]à�é!ûAáuä ôûA÷ ï à'éAâTãEñ3
=óAûAáz÷�âAä1àJûA÷�â�
�à7
=êÔà'ázóAà'é
ï ã�éAé:	|ü�àJá �Hë1éAì]ã�
�úDæ�è�éK�3à'à'ázà'ìzå�èÖóAà'éÖø$ýsàJë1ì ð è ð à7
]à'á]é ÿ��M�f$>'�d´ÿ j &#& j û ]:$ bva û j ûB$ &�$ � ��ë1ì�
 ð ë[

ö�á]è�<�à ð 
�àJ÷�âAéAë1ìz÷�âAà'é3ûAéAó �TéAã�éAú'ë¶à'ä¶ä1à'épùaû�ñ�ê�ã�éAó�æ�à'á]å�ûAéAóAàJé½ûAé�ó3ó�ë1àM�:ã�âAä�óAà'á ý�
�ã�é�óAè�á�
]à�ì]è ð ë*

à'ë¶éAö�à'ìz÷�âAá ôã>é ï 
p	
ßTà'á]é�à'á-ë1ì�
Hú'û�à'á$ê¬ã�á�
�àJéÑò
óTã�ìzì)ó�à'áI� ã>ú'ë[� ï ì�
 ôè�á]àJéAó ã>û�ñ óAë1à�ýsë¶ö�éTã�ä[Ö!ûTã�ä1ë*
 ôã�
QàJë1é
ê|ë1á ï 
��;�=à'ú'àJë[
]à'é�ûAéAó
A�á�ã>éAóAûAéAö�ìzë1éAóDêÔà'ìzà'é�
�ä¶ë1÷�âAà"¦�ûAàJä1ä¶à'éõñ ôûAáaè�ú'à'ã�éAë1ìz÷�âXë1éAó�ûAú'ë¶à'á�
]à��½ë ï ázè�ì]àJë1ì ð ë ï òÀóAàJá]àJé�ßTázà�Ö!ûAà'é�ú
ø
ö�à'âAã�ä[
�
��sþ�ë1ì]÷�â�à'ázêÔà'ë¶ì]à=àJë1é1�õã�£�ë ð û ð úJê|ë¶ì]÷�âAàJéF��ò[� Z øI�sòÜí�!�úaàJá]á]àJë1÷�â�
,ÿ#\Qãp�pûAéAóB�:ã�ä¶äÅã�÷Jà�ò_�,+�+ Z �
ûAéAó�ìzè ð ë*
�ë¶éAéAàJá]âTã�ä¶å óAàJì|¡uû�
]ú'ìzë1ö�éTã>ä1ì)ä1ë1àJö�
p	Öü=ã�ì¬ýsë1ö�éTã�ä�ø��uã>ûAì]÷�âsø�2-à'ázâ ôã�ä[
]éAë1ì-ë¶ì�
ÔóTã�âAàJá¬ä1àJë1óAàJáÔö�à�ø
éAà'ázà'ä¶äUéAë1àJóAá]ë¶ö�	

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



ú;D���DFE|L}T%G¢¬��àL}T%GIHOQ�L}© Ý��

¾M¿wÁ=¿�À ÂÕð@È�î�ðËñ�ðIÃ�Ã��! /#"�$ Ä%�! '&)(+*�Ä É Ê

ü=ã>ì��Há]è�~zà ï 
Hë1ì�
 àJë1éAà���èÖè�þ à'á]ã�
�ë¶è�é^ó�à'ì-,C^�`�(ýb3d�� d�a &#b3&x^�&�$�þ j�� qOc���'�d��f$>c0]_&#^�c�b�$fa/.0,1��q0]32Eò�óAàJì0lM$ j �
4Øj�� a,�f��^�d�r�a>e�$ dg& � ^�û�a/.fl 465 2Eò;�Ãè�
]ì]óTã ð ûAéAó�óAà'á�üØdgb3��$ � a b3&#o j þ=õ0'�ö¢'�b3bØ'�&87Ú'�d j '�ò;!uè�éAè�ä1ûAä¶û:	�8 ð
��ã�â ð à'é½óAë1àJì]àJìh�Há]è�~zà ï 
�à'ì�ê|û�á]óAà^à'ë1éF
�à ð þ è�á ôã>á]à'ì}�½àJì]ì]é�à7
�ú�ã>ûAì ð è�åAë¶ä1à'éFA�ázà'ë*
�åTã�é�óAì]àJë1ì ð è ð à
ø

]à'ázé±ã�û�ñÑóAà'é æÖë¶à'á)ö�á ôè�<�
�à'é�óAàJán!aã9ê�ã�ë1ë ø�8�éAìzà'ä¶é ã�ûsñjö�à'åTã>û�
p	Öü�ë1à|ö�àJè�ö�á]ã�þAâAë¶ì]÷�âAàJém�=èsè�á]óAë¶éTã�
�àJépû�éAó
ó�à'áW~zàJêÔà'ë¶ä1ë1öwàJá]ázà'ë1÷�â�
]àqü=ã�
]à'é!û ð ñMã�éAöwìzë1éAó3ë ð ùaéAâTã>éAö�ú'ûAì]ã ðpð à'é�ö�àJñMã�ìzì�
�	

ü�ë¶àh�3à'ì]ìzþ�àJá]ë¶èsóAàaóAà'ì�
]à ð þ�è�á ôã�ázà'ém¡�à7
]ú'à'ì�å�àJö
ã�éAé �HéAó�àC��ûAéAëØ�,+�+�+ ð ë*
)óAà ð ùaû�ñjåAã�û±óAàJá�à'ázì�
]à'é
ñ ôû�é�ñUýÖà'ë1ì ð è ð à 
�à'á-ã>û�ñ�5�ã>âÖû�åAú
êC	;A�ë1ö08�ìzäÅã�éAó�	��«à'ë[
]ö�ä1àJë1÷�âqê|û�á]óAà�ã�û�ñ:�õã�û�ëTà'ë1é�à ì]à ð ë1þ à'á ð ã>éAà'é�
�à
ý;
�ã�
]ë1è�é�óAà'ì=��àJè�ßTè�á]ìz÷�âÖû�éAö�ì$ø�¡uà 
�ú'àJì,ÿ��C�¢5CßØ50¡h�HóAàJì=�Cß@�½ë1é�A�à 
�á]ë¶à'å±ö�à'éAè ð�ð à'é:	Öü�ë1à|ùuû�ñjåTã�ûsø
þ�âTã�ì]à�ê|ûAázóAà�ë ð ¡�è�æ�à ð å�àJáU�,+�+�+wã�åAö�àJì]÷�âAä¶è�ì]ìzà'é:	
�Hì±âAã�éAóAàJä[
�à3ì]ë¶÷�â óTã�å à'ë�û ð l �^ � '�( �:9 7�ln�3s%;_Ð¥A�á]àJë[
]åTã�éAóAìzà'ë¶ì ð è ð à 
�àJápë¶é��=è ð å�ë1éTã�
]ë1è�é ð ë[

< ' � &3��c�'�&w'=,U'�&�$ dg��Ï j r,r�$ � d�û�éAóõà
£�
]à'ázéAà'éÒ���)ý!ø�� ð þ�ñ ôã�é�ö�à'ázé:	Tü�ë1à,ý;
�ã�
]ë1è�éà�½ù|ÞO8�ë1ì�
uã�ûAì]ö�à'ì�
�ã�
zø

160˚W

160˚W

159˚W

159˚W

158˚W

158˚W

157˚W

157˚W

156˚W

156˚W

155˚W

155˚W

154˚W

154˚W

19˚N 19˚N

20˚N 20˚N

21˚N 21˚N

22˚N 22˚N

23˚N 23˚N

160˚W

160˚W

159˚W

159˚W

158˚W

158˚W

157˚W

157˚W

156˚W

156˚W

155˚W

155˚W

154˚W

154˚W

19˚N 19˚N

20˚N 20˚N

21˚N 21˚N

22˚N 22˚N

23˚N 23˚N

0 50 100

km>
?A@B?DC

E ?GFH@

IJ?A@KC

LM?ANO?DCPC
QSR6TVU1WYX[ZV\�]D^`_

a=bdcebgfdhdi

j�hgk[hdi

l8ieinmohgp

qDhdmrbdbdcnhdsut

KILA

KALAKEKA

KAPU

LAHA

HANA

KAHU

LAUP

PUNA

ORAN

LANI

POHA

KIPKIP

STCKHU UXL

MAUI

HIBSNDIAS

GEOFON

IRIS/GEOSCOPE

HIBSN

USGSUSGS

Midway
Hawaii

°wvxvry{z}|[~3�!�}±�����Ë|·��r���Y�ry{z�~3�!��|G�o��¶��o�������D�o���Y�r��~3�B|��Y�o��¶3�[� ³�[�g�o�����oy{����y��r�o�3�r�mø�������yP�[�D�o���[~ Ê
|G�o���1�[�8�[y�y{��ã������oz�������y���|G�o�h»o~`� ³���*»rznyP�o���o� µ ø�ùWø��xøB������y�������y�|��8�p¼àº� �zS�oy��D�o�Mç����o�Y�o�����Gv#�r�
�d�#�o�!���0¡[�

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ý�¢ ¨ LhX@Q�T%GI©§ú�DFEOLhV«ª%¬�T%GIHMV�ª�­�JBª%¬�®MV:®|GI¯�Q�G}T

£o¤x£�¥=¦{£§¤�¦{¨A¤�¥�]_& � $f�r©�$ bva,$ dÒ]@ÐË]_��uPA«ª�¤�¦�£o¬)­`¨D®A¯�¤�¦�¯�¥=°3¥=¤�£�¤�ªw±`°3¥�¬A¦�¨A¦{¤�ª#£w¥M¦�£1¤�¦�¨A¤�ª�²O$�þ�Ðt$r©=ù1³A³u¤�ø
ªo­!£�´Aª�µ%¶�¤�ª�ù1¬A¬)­`´·®A¤�ª�¥M°`¬A¦�¸{¤�¨�¹�£r­!£�¦�°3¨A¤�¨�¤�ª#º�°3¸�»`£�¤�¨)­>÷r¼'¤�¦�¨A¤�ªC�½¤�¯�¯�®A­`´A¤�ª�¾`°3¨'­`¨A®A¤�ª�£o¼A­`¸�¬�¬A¦{¯
¿�À ¤�¦%�3­`¼Aª�¤�¨½ù�¨DºY­`¨D»B�½­`¦8¢`Á3ÁDÂ`µ
q0`,`�b3(*c�^�d�r4st)PÃ ¿ ¤�¦{»`£M®A¦�¤12�¤�ª#£o¤�¦{¸�´A¨D»Ä®A¤�ªÅ¯�¤�¦�¯�¥M¦{¯]÷r¼A¤�¨Æ¹�£r­G£o¦�°`¨A¤�¨ÈÇ´A¬u¤�ªM®A­`¯ �½¤�¯�¯�»3¤�¬A¦{¤�£�É À °3¬u¤�¦
­`´A÷r¼�¹�£r­!£�¦�°3¨D¤�¨�®A¤�¯FüË]Øl�]Ê´A¨D®½®A¤�¯}¡§¤�£ ¿�À ¤�ª�±!¤�¯��r²��
]3Ë%lM$ j a,� jf� $-¬Ì¤�ª Ç´�÷r±�¯�¦1÷r¼�£o¦{»`£§¯�¦{¨A®KµÌÍ%´A¯ Ç­!£ ¿ ¸�¦�ø
÷r¼A¤�¶�­G£o¤�¨ À ´Aª�®A¤�¨M¾3°3¨M¤�¦�¨D¤�ª"ü6]Øl�]�øg¹�£r­G£o¦�°`¨M­!´Dº%®D¤�ª¢8d¨A¯�¤�¸���¦�® À ­p�M¬Ì¤�¨�´D£ ¿ £�µ�8d¨D¯�»3¤�¯o­`¥�£ À ´Aª�®A¤�¨
Â,+=¹�£r­G£o¦�°`¨A¤�¨�¾3¤�ª À ¤�¨A®D¤�£[µ

20

40

60

80

100

Hawaii

°wvxvry{z}|[~3�!�U±��vë�ËOù��g�#���d��¶��Gy{�o�r�3��·B�o�o�Y�oy�zn~3�!�Ê|G�r��ÎÜ¶Dyý»��o�����g�o�¤º���������y���~�|G��ÏÐ���dÑ�¡ÓÒ�����Ô`~3��y
Õ×Ö×Ö×Ö vry��-����y6²`Ø×Ø Õ y����D�r�#�3�[z}v/|G���w��~��*»�vg�[�g�o�MÎ6��� Ê �r����~`�`�[�rv��o�g�oyP�o�3�o�o�

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



ú�Ù��DÙ�ÚwÛ�ÜÞÝ¢¬��½Û�ÜÞÝIH§ßdÛ}© Ý3à

¾M¿wÁ=¿wÁ ÂÕðWÊ�ÄØÇhð " È�ñ9ðIó�á

ß1Ç´Aª/®A¦�¤Å²wâf�râxã3�`â ��4%äBå �xæYã jGå�ç ¤�£o¼D°B®A¤=¦�¯#£/¤�¦{¨éè6¨�£�º�¤�ª�¨�´A¨A»`¯�¬Ì¤�ª�¤�¦1÷r¼ê¾`°3¨Äë�Ùìà�í�Û/´A¨A®éë Ùìî�í�Û
¨�´D£ ¿ ¬)­!ª�É À ¦�¤ï¦�¨�q�ðxñ,�f� å ãPæYæ:u�òvu�ò3Î�¤�ª�¸�Ç­`´D£�¤�ª�£ À ´Aª�®A¤`µ`ó�­ À ­!¦�¦�¸�¦{¤�»`£ô¦{¨A¥M¦�£�£�¤�¨�®A¤�¯Þ³)­ ¿ ¦�õ)¯]÷r¼D¤�¨=ö ¿ ¤�­`¨A¯�É
´D¥M»3¤�¬u¤�¨÷¾3°3¥È¯�°`»3¤�¨)­!¨A¨�£o¤�¨ ¿ ¦{ª�±�´A¥=³)­ ¿ ¦{õ)¯z÷r¼A¤�¨ 4 â ä â �
� ã å r`ÉG¤�¦�¨D¤�¥ø¾B´D¸�±G­`¨A¦{¯]÷r¼ù´A¨A®ù¯�¤�¦{¯�¥=°3¸�°3»`¦�¯]÷r¼
¼D°s÷r¼Å­`±�£o¦{¾`¤�¨Êú Ç´Aª#£o¤�¸û¾`°3¨�¹B´D¬u®A´D±�£�¦�°3¨D¯ ¿ °`¨A¤�¨KÉ�®A¦{¤§¦{¨A¨A¤�ª�¼)­`¸{¬M®D¤�¯ï»3¤�º�°3ª�®A¤�ª#£o¤�¨�è6¨�£�º�¤�ª�¨�´D¨A»3¯�¬Ì¤�ª�¤�¦ ø
÷r¼D¤�¯§¸�¦�¤�»3¤�¨%µ
¶�¦{¤nq�ð�ð�ãPü�ý ä�å r�â å sÌòYþ ä�å ýOsÌò�ÿ+¾3¤�ªo­`¨D¯]÷r¼)­`´D¸�¦1÷r¼D¤�¨Ó®A¦�¤���¤�ª#£o¤�¦{¸�´A¨D»�®A¤�ª+è6³A¦ ¿ ¤�¨�£oª�¤�¨Ó®A¤�ª À Ç­`¼Aª�¤�¨A®ù®A¤�ª
ç ¤�¯�¯�³A¼)­`¯�¤�¾3°`¥ �`´A¨A¦ôÂ�î3î3î/¬A¦{¯ ¿ ´A¥ ç ­`¦u¢`Á`ÁDÂ§­`´Dº�»3¤ ¿ ¤�¦¶÷r¼A¨A¤x£o¤�¨Êè�ª�®A¬Ì¤�¬Ì¤�¨KµB¶�­`ª�»`¤�¯�£�¤�¸{¸{£�¯�¦{¨A®=¨�´Dª
è6ª�¤�¦�»`¨A¦�¯�¯�¤�¥M¦�£Ó¤�¦�¨D¤�ª ç ­`»3¨A¦�£o´A®D¤�¥���� íBÉ Í ¦�¨A¨A¤�ª�¼)­!¸�¬ ®A¤�¯=»3¤�¤�¦�»3¨D¤�£o¤�¨ è6¨�£�º�¤�ª�¨�´A¨A»3¯�¬u¤�ª�¤�¦1÷r¼A¤�¯�µ
¹Ö÷r¼ À Ç­>÷r¼A¤�ª�¤��«¤�¬u¤�¨ À ´Aª�®A¤�¨ À ¤�»`¤�¨ ®A¤�¯Ó¯#£r­`ª�±`¤�¨ ó§¦�¨�£o¤�ª�»3ª�´A¨A®Aª�­`´A¯]÷r¼D¤�¨A¯=¨A¦1÷r¼�£ù¦{¨ ®A¦�¤mÞ1¨�£o¤�ª�¯�´Öø
÷r¼�´A¨D» ¥=¦{£Å¤�¦�¨�¬Ì¤ ¿ °3»3¤�¨%µ¬ù�¨Æ®A¤�ª��
	��#¹!øg¹�£r­G£o¦�°`¨ÕÑ�� � ­`´Dº�ö�­`¼�´Æ¯�£r­!¨A®A¤�¨ ¶�­!£�¤�¨J¤�¦{¨A¤�¯ À ¤�¦�£r­`´D¯
¸�Ç­`¨A»3¤�ª�¤�¨ÊÍ%¤�¦{£oª�­`´A¥=¤�¯ ¿ ´Dª���¤�ª�º�Ç´A»3´D¨A»Aµ�ó1¦{¤�ª À ´Aª�®D¤�¨ ¿ ´A¯�Ç­!£ ¿ ¸{¦1÷r¼Êè6ª�¤�¦�»`¨A¦�¯�¯�¤O¾3°3¨�ö�±�£�°3¬u¤�ªwÂ�î
�
�/¬A¦�¯
�`´D¨A¦6Â�î3î3îù¥=¦{£O¤�¦�¨A¤�ª ç ­`»3¨D¦{£o´D®A¤�¾3°3¨�¥���� �DÉ�í÷¬u¤�ª!Ç´A÷r±�¯�¦1÷r¼�£o¦{»`£[µ

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

A
nz

ah
l

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360

BAZ [ ]o

°wvxvry{z}|[~3�!�U±��0Ñ
Ë8� ³�[~��u�[ ×�oy�����Ò[�r���Y�ry{z�~3�!�Å|G�o�Mé ³~��r [� »ry{��~��Y��º æùy��� ��rzt»o�Hy{�o�o���o�Få§����|[��yP�o�!��~3�!�
~3�B|÷|G�o�Ðv#�g�!vg�×�r�!�Y�r�Y�r�ÅÎÜ¶By »x�r������~`�«¡ |G�r�wy���°§vxvoy�z}|[~3�!�}±��vë�|×�����`�����Y�rz{z �Y�o�MÎ6�d�ry �×��y{�#�r�x�

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



Ý�Ý ¨ Û��6ß�ÜÞÝI©§ú�Ù�Ú§Û��«ª%¬ÓÜÞÝIH���ª�­��Bª%¬�®��:®wÝI¯«ßgÝ�Ü

¶�¤�ª½»3ª�Ç°
�!£o¤:ù1¨�£o¤�¦{¸�®A¤�ª�è6³A¦ ¿ ¤�¨�£�ª�¤�¨ø¸{¦�¤�»!£½¦{¨ ®A¤�¨�	§¤�»3¦�°3¨D¤�¨�ß+¦ ~�¦�ø��Þ°3¨D»�­DÉw¹D­!¸�°3¥=°3¨A¤�¨KÉ��+­`³A´A­Eø
¡1¤�´A»3´A¦{¨A¤[­�¯�° À ¦{¤Ê®A¤�¨��6¼A¦{¸�¸{¦�³A³A¦{¨A¤�¨%ÉH­`¸�¯�°�¦�¨Ä¯`Ç´A® À ¤�¯#£o¸{¦1÷r¼A¤�¨ ´A¨D® À ¤�¯�£o¸{¦1÷r¼A¤�¨¡ù ¿ ¦{¥÷´D£�¬u¤�ª�¤�¦¶÷r¼A¤�¨%µ
ù�¥ ¯]÷r¼ À Ç­�÷r¼D¯�£o¤�¨�­!¬A»3¤�®D¤'÷r±�£w¦�¯#£-®D¤�ªO¹8Ç´A®A°3¯#£o¤�¨��gÂ�Á3Á�ÛHø�Â[î3Á�Û ��ù�Í"!xÉ À °÷¨�´Aª-¾`¤�ª�¤�¦�¨ ¿ ¤�¸�£o¤�è6ª�¤�¦�»`¨A¦�¯.ø
¯�¤�­`´DºP£�ª�¤x£o¤�¨%µû¶�¦�¤�¯«¬u¤�¤�¦�¨�£�ª Ç­�÷r¼�£o¦{»`£w®A¦{¤=ù�´$# Ç°`¯�´A¨A»=»3¤�ªo­`®A¤�¦{¥%�«¤�ª�¤�¦1÷r¼�®A¤�¯wª�¤ ¿ ¤�¨�£�¤�¨&��´A¸�±G­`¨A¦{¯�¥÷´D¯
¯ Ç´A® Ç°3¯�£�¸�¦1÷r¼�¾`°3¨��-¦�»'�d¯�¸�­`¨A®%µ)¶�¦�¤/ÍK­!¼A¸%®A¤�ª§­`¨�®A¤�¨P~�¤ À ¤�¦{¸�¦{»3¤�¨�¹�£o­!£o¦{°3¨A¤�¨Ê£r­!£�¯ Ç­�÷r¼A¸{¦1÷r¼ ¿ ´Aª|ù�´A¯ À ¤�ª$ø
£o´A¨D»=¾`¤�ª À ¤�¨D®A¤�£�¤�¨·è6¦�¨ ¿ ¤�¸{¯�³A´Aª�¤�¨�¦�¯#£§­`´A¯w®A¤�¥ ù1¨A¼)­`¨D»=¤�ª�¯�¦1÷r¼�£o¸{¦1÷r¼Kµ

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



( )+* ,"-/.10 2

3 4 576 .98�- 4 : ; 4 : < =7: -/.98>* 8?.@-A)B->,DC :

E��GF HJILK�MONQP�RTSVUWRTI7X�PDMONYX�M�Z7IT[\P�P]M

�d¨ ®A¦�¤�¯�¤�¥ ^�­!³A¦{£�¤�¸ À ¤�ª�®A¤�¨ ®D¦�¤·»3¤ À °3¨A¨D¤�¨A¤�¨ø¶�­!£o¤�¨ ®)­!ª�»3¤�¯�£o¤�¸�¸�£�´A¨A® ­!´A¯�»3¤ À ¤�ª�£�¤�£[µ1¶�¦�¤�¨A­�÷r¼
_ ðxñG`ba å ãPæYæYc�òvu ¿ ´Ê¤�ª À ­!ª�£o¤�¨A®A¤�¨½¶�¦{¯�±!°3¨�£o¦�¨�´A¦�£×Ç­!£�¤�¨=¯�°3¸{¸�¤�¨Å®)­`¬Ì¤�¦Ì¦�¨M®A¤�ªd	§¤�¦�¼A¤�¨Dº�°3¸{»3¤ ¿ ´A¨A¤�¼A¥=¤�¨A®A¤�ª
�O¦{¤�º�¤�¾3¤�ª�¦{õ ¿ ¦�¤�ª�£8´A¨A® ´A¨�£o¤�ª�¯�´�÷r¼�£ À ¤�ª�®A¤�¨Kµe��°`¨�¬Ì¤�¯�°`¨A®A¤�ª�¤�¥��d¨�£o¤�ª�¤�¯�¯�¤�¯�¦�¨A®�®)­`¬Ì¤�¦f��¤�ª�Ç­`¨A®D¤�ª�´D¨A»3¤�¨%É
®D¦�¤Ê­!´Dºw®)­`¯�è�¦{¨ À ¦�ª�±!¤�¨ ®A¤�¯ ç ­`¨�£o¤�¸�³A¸{´A¥=¤�¯ ¿ ´Aª!Ç´A÷r±�»3¤�ºrÇ´A¼Dª�£ À ¤�ª�®A¤�¨ ±%Ç°`¨A¨A¤�¨%É+´A¨A®g	ÓÇ´A÷r±�¯]÷r¼D¸�Ç´A¯�¯�¤
Ç´D¬u¤�ªï®D¤�¯�¯�¤�¨��8°3¯�¦�£o¦{°3¨ù¦�¥ ç ­`¨�£o¤�¸ ¿ ´A¸�­!¯�¯�¤�¨Kµ�¶�¤�ª�¶�­!£�¤�¨A¯�­!£ ¿OÀ ¦{ª�®Ó®)­`ª Ç´A¬u¤�ª�¼A¦�¨)­!´A¯ï­`´Dº ¿ ´A¯ Ç­!£ ¿ ¸�¦1÷r¼D¤
±!°3¨�¾3¤�ª�£o¦{¤�ª#£o¤h��¼A­`¯�¤�¨ ¼A¦{¨ ´A¨�£o¤�ª�¯�´�÷r¼�£�µ«è6¯ À ¦�ª�® ®A¦�¯�±�´D£o¦{¤�ª�£�É
°3¬ ®A¦{¤�¯�¤W�-¤�°3¬)­>÷r¼�£�´A¨A»3¤�¨ ¥=¦{£�®A¤�¥
�6¸{´A¥M¤�¦{¨½Í%´A¯o­`¥=¥=¤�¨A¼)­!¨A»ù»3¤�¬Dªo­�÷r¼�£1´A¨A®�¤�ª�±�¸�Ç­`ª�£ À ¤�ª�®A¤�¨½±%Ç°`¨A¨A¤�¨%µ

¶�¦{¤�ikj�ðxâxüPü�â�Ã�òml�ºY­`¯�¯�£ ¿ ´A¨ôÇ­�÷r¼A¯#£�®A¦{¤�£�¼A¤�°3ª�¤�£�¦�¯]÷r¼D¤�¨§ù�¨A±�´A¨BºP£o¯ ¿ ¤�¦�£o¤�¨�®D¤�ª À ¦¶÷r¼�£o¦�»`¯�£o¤�¨n�6¼)­`¯�¤�¨ ¿ ´sø
¯�­`¥=¥M¤�¨Kµ
Í%´Dªo�«¤�ª�¤'÷r¼A¨�´A¨D»é®A¤�ªÓÍ%¤�¦�£o¤�¨ À ¦�ª�®Ä®)­`¯qp _Orts u l
øgè6ª�®A¥M°�®A¤�¸�¸��v^�¤�¨D¨A¤�£�£Ó´A¨A® è6¨A»3®)­!¼A¸ É
Â[î3îDÂw!�¬Ì¤�¨�´D£ ¿ £[µ8¶�­�®A¦{¤�¯�¤�¯ ç °B®A¤�¸�¸yx�¤�®A°Ö÷r¼é¾3°`¨é±!°3¨�£o¦�¨D¤�¨�£r­`¸{¤�ªz^�ª�´A¯#£o¤=¥M¦�£�¤�¦{¨A¤�ª ç °`¼A°`£o¦{¤�º�¤÷¾`°3¨
à3í�±�¥ ­`´D¯�»3¤�¼�£�É�¦�¯#£�®A¤�¯�¯�¤�¨���¤�ª À ¤�¨D®A¬)­`ª�±`¤�¦�£ ¿ ´Å³Aª!Ç´Dº�¤�¨%µ�è�¯�¯�°3¸�¸A®A­`¼A¤�ª ¿ ´A¨ôÇ­�÷r¼A¯#£�¤�¦�¨Ó¥M°�®A¦�õ ¿ ¦{¤�ª�£�¤�¯
ç °B®A¤�¸�¸K¤�ª�¯#£o¤�¸{¸{£ À ¤�ª�®A¤�¨%É)®)­`¯�¯w®A¤�ª1ú/¤�¯]÷r¼ À ¦�¨A®D¦�»3±!¤�¦{£�¯�¯#£oª�´D±�£�´Aªw´A¨�£o¤�ª§®D¤�¨½ó�­ À ­!¦�¦�ø��d¨A¯�¤�¸�¨�¦{¨�¤�ª�¯#£o¤�ª
{ Ç­`¼A¤�ª�´A¨A»=»3¤�ª�¤'÷r¼�£ À ¦�ª�®Kµ
¶�¦{¤·»3ª�Ç°
�!£o¤�¨5ù�¬ À ¤�¦1÷r¼�´A¨D»3¤�¨ ¾3°`¥ ¹�£r­`¨A®A­`ª�®sødè6ª�®A¥=°B®D¤�¸�¸ À ¤�ª�®A¤�¨ ®D´Aª]÷r¼ ®D¦�¤'¯�£r­!ª�±Æ¼A¤�£�¤�ª�°3»3¤�¨D¤
^�ª�´A¯�£�¤M¾3¤�ª�´Aª�¯o­�÷r¼�£&�m| Ç°3¸�¬Ì¤�ª�¨KÉ6Â�î3î`îf!xÉH¤�¦�¨ À ¤�¦{£o¤�ª�¤�ª�è6¦�¨}#)´A¯�¯ ¦�¯#£ ®D´Aª]÷r¼ê®D¦�¤Ó¼ Ç°3¼A¤�ª�¤��Þ¤�¥M³Ì¤�ª�­!£o´Aª
®D¤�¯÷°3¬Ì¤�ª�¯�£�¤�¨ ° ¿ ¤[­`¨A¦{¯]÷r¼A¤�¨ ç ­`¨�£o¤�¸�¯ ¿ ´ ¤�ª À ­!ª�£o¤�¨Kµ
¶�­!¯�ó1­ À ­`¦{¦�ø ç °B®A¤�¸�¸ À ¦{ª�®Ä®D¤�¯�¼A­`¸�¬ ­`´D¯�¤�¦{¨A¤�ª
^�°3¥�¬A¦�¨)­G£o¦�°`¨½®A¤�¯~p _�rts u l
ø ç °�®A¤�¸�¸�¯§¥=¦{£��d¨�¾3¤�ª�¯�¦{°3¨A¯�¤�ª�»3¤�¬A¨A¦{¯�¯�¤�¨éºrÇ´Aª1®A¦�¤ °3¬Ì¤�ª�¤�¨ Â\��Á=±�¥ »3¤ À °3¨Öø
¨D¤�¨Kµ��1Ç´Aª�®A¦{¤��d¨�¾`¤�ª�¯�¦�°3¨ À ¤�ª�®A¤�¨ ¶�­!£o¤�¨é®D¤�ª�³u¤�ª�¥M­`¨A¤�¨�£�¤�¨ ¹�£o­!£o¦{°3¨�^O�
� ­`´Dºwö�­`¼�´é¬u¤�¨�´B£ ¿ £�ÉÞ®A­
¼D¦�¤�ªw­!´Dº�ú�ª�´A¨D®�®D¤�ªw¸�­`¨D»3¤�¨&�«¤x£oª�¦{¤�¬A¯�®)­`´A¤�ªw®A¦�¤/»3ª[Ç°
�`£o¤�ÍK­!¼A¸K¯�¦{»3¨)­`¸{¯�£o­`ª�±!¤�ª��«¤�¬u¤�¨�¾`¤�ª�ºrÇ´D»3¬)­`ª§¦�¯#£[µ
¶�­`¯Oè6ª�»3¤�¬A¨D¦�¯w®A¤�ª��d¨�¾`¤�ª�¯�¦�°3¨�¦�¯#£O¦�¨ _ ð�ð�ãPü�ý ä�å�� Ã�òml�®)­`ª�»3¤�¯#£o¤�¸�¸{£�µA¶�­`¯-¾3¤�ª À ¤�¨A®A¤x£o¤�¤�¦�¨DºY­>÷r¼A¤�¹�£r­!ª�£zø
¥=°�®A¤�¸{¸6¦�¯�£ ­`´Bº�º�Ç´A¨Dº§¹Ö÷r¼A¦1÷r¼�£o¤�¨ ¬u¤�»3ª�¤�¨ ¿ £�É À °3¬Ì¤�¦�º�ª!Ç´D¼A¤�ª�¤L�«¤�°3¬)­�÷r¼�£o´D¨A»3¤�¨ê¾`°3¨>�H¦�¨D® À ­!¸�¸��#Â[î
�
�f!
¯�° À ¦�¤��6ª�¦�¤�¯�£�¸�¤���´A¨A®A�O¦{¸�¥M­`¨A¨��gÂ�î3î3îf!�»`ª�°3¬·¬Ì¤�ª!Ç´�÷r±�¯�¦1÷r¼�£o¦{»`£ ¯�¦�¨D®Kµô¶�­`¯/ª�¤�¯�´A¸�£o¦�¤�ª�¤�¨A®A¤Mú/¤�¯]÷r¼ À ¦�¨Öø
®D¦�»3±!¤�¦{£�¯�¥=°B®D¤�¸�¸H¤�ª�¯�¤�£ ¿ £/¨�´A¨�®A¤�¨T�O¦�¤�º�¤�¨�¬u¤�ª�¤�¦¶÷r¼�¬A¦�¯ Â\��Á=±�¥ ®A¤�¯~p _�rts u l
ø ç °�®A¤�¸{¸�¯�µû¶�¦�¤/¤�¨�£o¯�³Aª�¤�ø

��í

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



�f� � Û��6ß�ÜÞÝ�����Ù�Û��D�D�·ÝIH§Ü��D�����D��ÚÈß
�ÓÜÞÝIH��¢H§Ý�ÜAÛ�Ü8ß����

÷r¼A¤�¨D®A¤�¨�£o¼A¤�°3ª�¤x£o¦�¯z÷r¼A¤�¨3ù�¨D±�´D¨DºP£o¯ ¿ ¤�¦�£o¤�¨�¯�¦{¨A®�¤�¬Ì¤�¨DºY­!¸�¸�¯-¦�¨�ikj�ðxâxüPü�â�Ã�òml ¿ ´A¯�­`¥=¥M¤�¨A»3¤�ºY­!¯�¯�£�µû¶�¤�ª�¤�¨
ù�¬ À ¤�¦1÷r¼�´A¨D»3¤�¨·¾3°3¨�®A¤�¨�p _Orts u l
ø�|é¤�ª#£o¤�¨�¯�¦{¨A®�¾3¤�ª�»3¸{¦1÷r¼A¤�¨�¥=¦{£��ô­`´Dº ¿ ¤�¦{£�Ç­`¨A®A¤�ª�´A¨A»`¤�¨�®A´Aªz÷r¼T�O¦�¤�ø
º�¤�¨�¾!­`ª�¦�­!£o¦{°3¨A¤�¨'ºrÇ´Aª/®A¦{¤ ç °3¼A°�°B®A¤�ª�ºrÇ´Dª�®D¦�¤��H¦{£o¼D°3¯�³A¼HÇ­`ª�¤�¨sø�ù1¯�£o¼D¤�¨A°3¯�³A¼ôÇ­`ª�¤�¨søgú/ª�¤�¨ ¿ ¤n�v�Uù���!/¥=¦{£
¥Å­w�D¦{¥Å­!¸KÁDÉ�í÷¯w¾`¤�ª�¯]÷r¼ À ¦�¨A®D¤�¨A®�»3¤�ª�¦{¨A»Aµ
� Ç´Aª=£o¦�¤xº�¤�ª�¤�¶�¦�¯�±`°3¨�£�¦�¨�´A¦{£ Ç­!£o¤�¨ ¸�¦{¤�»`£=®A¦{¤õù1¬ À ¤�¦¶÷r¼�´A¨A» ¬u¤�¦a÷�­Dµ1Â`É��ê¯�µOÍ%´Aª��d®A¤�¨�£�¦{õ ¿ ¦�¤�ª�´A¨A»ê¤�¦�¨A¤�ª
±`°3¨�¾`¤�ª�£�¦�¤�ª�£o¤�¨&��¼A­`¯�¤�­!´A¯«®A¦{¤�¯�¤�ªd�O¦{¤�º�¤1¦�¯�£-®A¦{¤�¯�¤uù�¬ À ¤�¦1÷r¼�´A¨D»=´D¨ À ¤�¯�¤�¨�£o¸{¦1÷r¼�´A¨D®Ê¸�¦{¤�»`£ï¦�¥��-¤�ª�¤�¦1÷r¼
®A¤�¯ÊÇ´D¬A¸�¦¶÷r¼A¤�¨�»3¸{°3¬)­`¸{¤�¨�¹s÷r¼ À ­`¨D±�´D¨A»3¯�¬Ì¤�ª�¤�¦¶÷r¼A¤�¯�µ]�d¥��û°`¸�»3¤�¨A®A¤�¨ À ¦�ª�®�®A­`¼A¤�ª�¬u¤�¦D��¤�ª�»3¸�¤�¦1÷r¼A¤�¨�¬u¤�ø
°3¬)­�÷r¼�£�¤�£o¤�ª-¹B¦�»3¨A­`¸�¤-¥M¦�£+£o¼D¤�°3ª�¤�£o¦{¯]÷r¼A¤�¨��8­!´Dº ¿ ¤�¦{£o¤�¨ À ¤�¦{£o¤�ª�¼A¦{¨ù®)­`¯�p _Orts u l
ø ç °B®A¤�¸�¸�¾3¤�ª À ¤�¨A®A¤x£[µBÍ%´
¬u¤�­�÷r¼�£o¤�¨�¦�¯#£§­`¸�¸{¤�ª�®D¦�¨A»3¯�ÉB®A­`¯�¯§®A¦�¤=ù1¬ À ¤�¦1÷r¼�´A¨A»3¤�¨�º�Ç´AªO¥÷´D¸{£o¦{³A¸�¤��6¼)­`¯�¤�¨�¬A¦{¯ ¿ ´&�=¯w¬Ì¤�£�ªo­`»3¤�¨Kµ

������� � ¡£¢
¤¦¥¨§ª©�«­¬t¤�®�¯±° ²Q®d¬$¤ á ¯­³´§k¤�®�µ"¤
¶�¤�ª »3¤�¨A¤�ª�¤�¸�¸«¤�¦�¨DºY­>÷r¼A¤±ù�´Bº�¬)­`´ê° ¿ ¤[­`¨D¦�¯]÷r¼D¤�ªq^�ª�´A¯#£o¤Ê¯�° À ¦�¤Å®A­`¯o�)¤�¼A¸{¤�¨ê¥�Ç­�÷r¼�£o¦{»3¤�ª÷¹B¤�®D¦�¥=¤�¨�£r­`¬Öø
¸�­`»`¤�ª�´D¨A»3¤�¨ ­`´Bº�®A¤�¨��d¨D¯�¤�¸{¨KÉ6¸�­!¯�¯�¤�¨ ¤�ª À ­`ª#£o¤�¨%Éï®A­`¯�¯Ó®A¦{¤�¤�ª�¯#£o¤�±`°`¨�¾`¤�ª#£o¦�¤�ª�£�¤��6¼)­`¯�¤�¦�¨ ®A¤�ª=¹�¤�¦�¯.ø
¥M°`»3ªo­`¥=¥=¯�¤�±�£�¦�°3¨Å­`¨�®A¤�ª ç °3¼A°h�v�Q¶�¯�!«¤�ª ¿ ¤�´A»!£ À ¦�ª�®%µ)ö ¿ ¤�­`¨A¦�¯z÷r¼A¤z^�ª�´A¯#£o¤�¼)­!£�¦�¥ ¶�´Aª]÷r¼A¯z÷r¼A¨A¦�£�£
¤�¦{¨A¤ ç Ç­>÷r¼�£�¦�»3±!¤�¦�£�¾3°`¨T�Eø�·Ó±�¥½µ%Í%´A®A¤�¥ À ¤�¦{¯�£�®A¤�ª ¿ ¤�¨�£�ªo­`¸{¤'�+­ ¿ ¦{õA±½¤�¦�¨A¤�®A´Aªz÷r¼A¯]÷r¼A¨D¦{£�£�¸�¦¶÷r¼A¤'�O¦�¤xº�¤
¾3°3¨&¸�í�±�¥½É�¬ ¿xÀ µB¾3°`¨&¸ ¢BÉ�í ±�¥ ´A¨�£o¤�ª �«¤�ª Ç´A÷r±�¯�¦1÷r¼�£�¦�»3´A¨D»ù®A¤�ªOó1­ À ­`¦{¦�¯z÷r¼ À ¤�¸{¸�¤!ÉD­`´BºV�0ó�­ ¿ ¸�¤x£�£-´A¨A®
ó���¨A®A¥M­`¨KÉB¢`Á`Á3Áf!xÉ`¯�°�®)­`¯�¯ï­`´D¯�»3¤�¼A¤�¨A®M¾3°3¨=®A¤�ªQ|Ä­`¯�¯�¤�ª�¸{¦�¨A¦{¤O¤�¦{¨A¤ ç °3¼A°`£�¦�¤xº�¤�¾3°3¨Mª�´A¨A®�Â�Áaø-Â×¢�±�¥
¿ ´�¤�ª À ­`ª#£o¤�¨�¦�¯#£[µ)¶�¦{¤/ó÷Ç°3¼D¤�¨A¸�­`»3¤�¨�®A¤�ª ç ¤�¯�¯o­`³)­!ªo­!£�´Aª�¤�¨�¯�¦{¨A®�®A¤�¥ _ å a$j å��o¹ ¿ ´½¤�¨�£o¨A¤�¼A¥M¤�¨Kµ
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ºÍÌ�½ Å�ÎÐÏ�Ïd½ Å�Î ÑÊÒ ½
ºªÓeºÔÌ�½ ÏGÎ ÒÕÏd½ ÏGÎ×Ö�Ò ½
ºªÓ±ÃeÌ�½YØÚÙw¾�Û±Ü Ý Ö\Î ÞwÅY½ Ö\Î ß�àd½
ºyáª½YØÚÙw¾�Û±Ü Ý Å ÞeÎ�ÅâÑ�½ ÅâÞwÎ ÒeÅ�½
ºyã�ä�å�½ æ�æwÎ ÄÕæQ½ æÊÒeÎ ß�Þd½
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Î�Ï/Ï3Ð�ÑÓÒ�Ô|Õ�ÖdíD×� C¡|è�Ô|Ú�Ý�ÞDÛ�áBÜ�¢�ø�Ô|Õ�õ�á,Ù�Ï	Ù3Ú�Ù	Ý�Þ�Õ�Ù©áDß :Ô|Ú�Ù3Ð�Õ�Ùd>¥Ð5Ù5ß3Ù�ö�Ü�Õ�î@£V£¶õ�ñ»×�è�ÐBÙ�â�Õ�Ò�Ù�Õ�Ù�Ð�Õ#ë/Ù3Ñðê
Õ�Ù�Õ¯à�áBâÄá�Ð�ÜÄÕ�Ù�Õ�â�Ô�ß�Ö�Ù3Õ�Ü�ñ¢ñºÙ�Õ�Ù3Õ�¤�Ú'Ù�ÐÓÖÄÕ�Ð�Û	Û©Ù¢Ò�Ô|Ú¨Ý3ÞDÛ1á�Ú�â�Þ�Ñ Ù�Õ¦¥3Ù3ôOÙ�Ð�Ñ Û�Õ�Ô#Ú.Ù�Ð�Õ�õ�Ñ Ù�Ð�Õ�Ù1Û¼ò?Ù�Ï�ÐBÙ3á
Ô|Õ�á,Ù�ÚzÞ#â�Ñ Ï9Ò�Ù1Û�à�áBâ�Õ�ÒDÜÄÚ1á,Ù�Û�×�è�Ð5ÙdÙ�Ð�Õ�Ö�Ùzë/Ù3Ð�Ý3Þ�Õ�Ù3á,ÙJ÷­Ð�Õ�Ð5ÙUñ»â�Ú	õ�Ð5Ù3Ú1áOÒDâ�Û ä Ú�Ü¨§ZÑW©ZâÄÔ1ß¶ôOÙ3ÑìÝ3Þ|Ù1ÛUÒ�Ð5Ù
¤�Ð�Õ#ë/Ù3Ñ Û,ø�Ô|Ú�Ù3Õ*Ð�Õ*Ò�Ù3Õ¦Î�Ï�Ï�Ð�ÑìÒÄÔ#Õ#Ö�Ù�Õ@íD× ú�Ô|Õ�Ò-íD× & ø�Ú¨Ü¨¥1Ð ë�ÐBÙ�Ú�á?ôµÔ|Ú¨Ò�Ù�Õ�×Zè�ÐBÙ ä Ú�Ü¨§ZÑðõ�Ü/Ü�Ú¨ÒÄÐ�Õ�âDá,Ù�Õ
ÛzÐ�Õ�Ò¼Ð�Õ�õ�ñ â�Õ�Ö#ÙBÖ#Ù/Ï	Ù3Õ�×

��{���{�~���{�� ª¬{�����vx~��1{��1wz�3}x��{���� � ��w1�3}x{�~��x{�� Y §v�~xy|{��z{�~¼vx~x�R��{�� §�#���1{��z{�~ û {������x{��n��~xwz{�� � {��z��{�v�~��1{��'¡
wz�3}x{����x{�~Rw1���3}¼�¥{����x{]��{��1{����3}x{¶��vx�3}R�xv��1�3}��x��{r��� §�#� � {r�x{��g~x{�y|�������|{�~¦��}F�#w1{��|����{J��wz�g���ª��{��z{����3}R�x{��
« �#�3}x{��z{�~�ý.v���{�~���{��zy�¡'®¢��w � �|~�����~�vx���D§��� � {�w1{�~��������3}��x{�v��1�����3}x{�����vxw1y|{��x�Ä§��y#���#��wÇ��� Y §v�~xy|{��z{�~ û {������x{�w
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��{�w*����y#~F�#��w-£©§vx}x�	���Z��� Y §vx~xy|{��1{�~­��{��1{����3};}x��~xy#{�y|{�~Â����{�y#�¦�x��{ ý»v���{�~���{��zy�¡'®¢��w � �#~��1��~�vx���D§������vx�
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��{��1{�~ � v��������x��{9y|{�w	�D§�|�	� � ���1�¬�

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



^ þ H`_badcFegf ILK�h _ Mgi N fHjke MOPRQSMOPbl c P egfHjka'jkfbem_benc TUP

\U]	^J]¨® ¯ m	ev°.i�m'jrjJeZo�±=²Z³¾m	f�°»m	jJpJeOm¨c�o�´µqrf¢e a.f¶c�eZi¶µ m	j¸·�om¹ t f�°

o���~x{ºvx~���{��1}F�#���*�#�|~�����y���wz���#~x�*�#v�£5�1�1{/��{�~��x{�����{����1��y#y|{�wz�3} � ��~x�x��y � {�����wz���|~�{ � vx�z�x{¼�#�|~ ´µ� ��� V����
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� ômö)÷
?�ø3;T÷[ømô � ø�
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ù�òhð,�§ð2ò�� ö ðHñoï$ðHñ»��ð �oõ ü õ ý õ�� ��� �oöqö ò�ð2ü�ý É � ò�ð�ó2ðHò�ý��hò�� ÷ ð2ñwW
� ÷ $ õ ñoÿ � ñoï$ðHñ²ùoð2üX� õ<Ò ò öyõ ï$ð-��ðHñ�þ � � ;
� õ ï$ð ø� �,ð2ü�ùoò�ð.WYý õ �oò��hò�ý øõ ý¶ùoð��KW¤ò�ï$ñ õ ��� � ñoù�ùoð-Êvñ�òhð2ü�ð2ñw��� ö ò�ýcðHòhñoðHñ[cvð ÷ �hðHü��,ð2ü�ðHò�� ÷ É ú � ü9+?��ñYý�ü������hð
$dð2ü�ùoð2ñqùoò�ð9H õ�� � ó2ðHò�ý!ðHñKùoð2üvW ��� ü�ðHñ�� �0$�� ÷ � õ�� �,ùoòhü�ð2ÿBý!ð9+,�$ñBû�ð2ü�ý�òhðHü�ý!ð õ ��� õ�� � ÷iõ�� ��ðHü���ý!ðX� � ��ý!ò � �hð
ÿ\�$ü�ü�òhï$ò�ð2ü�ý É
g �hðHò�� ÷ óHð2ò�ý!òhïKÿ õ ñ�ñ ö ò�ý�ùoò�ð���ð2üR��ðHý ÷ �¤ù�ð�ñ õ � ÷ ó � � øõ ý�ó��hò�� ÷Æõ�� ��ý!ü�ðtý!ðHñoùoð2ñ[> ÷võ ��ðHñÆï$ð-� � � ÷ ýR$dð2ü�ùoð2ñ É
_~òhñBý!ðHü�ï$ü � ñoùoü õ�� � � ÷ ð2ñw�¤ùoðHü¶û$ðHü�ðHòhñoóHð���ý õ�� ��ý!ü�ðHý!ðHñoùoð	W[ý ø�$ü���òhï$ñ õ �hðK$dð2ü�ùoð2ñ�ù õ �,ð2ò�ð2ñBý%$¶ðHùoð2ü9$dð2ò�ý�ï$ð ;
÷ ð2ñoù ð���ò ö òhñoò�ð2ü�ý	�[ùoð2ü�ý�ü�ðHý�ð2ñ ñ � üC� � �$ü õ ù�ò���� ÷ ò�ñ ù�ð2ñGW �oöqö ðHñ"� ��� ü�ð2ñ õ�� � É +?� ÷Nøõ ü�ðHñBý!ðh> ÷võ ��ð2ñ
ù õ ï$ð2ï�ð2ñÅ��������ý�ð2ñÝòhñ õ ���hðHñ W �oöqöyõ ý!ò���ñoð2ñ ðHü�ÿ)ð2ñoñE� õ ü���ðHòhñ É p öØõ�� � ÷ ñ õ�÷ ��ðHòhð2ò�ñ õ ñoù�ð2ü���òhð2ï�ð2ñoùoð
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� õ~Ò ò öiõ�õ�� º ø����ð2ñyó � ÿ ø�$ñoñ�ð2ñY�*$ � ü�ùoð~ý�ü���ý�ó�ùoð��dù õ ù � ü � ÷ ó � ð2üÌ$ õ ü�ý!ðHñoùoðHñ ÷Nø� ÷ ðHü�ðHñTb õ�� ��� ÷�� ðHï$ð����
ö ò�ý¶ð2ò�ñoð ö � õ ñoù �oõ ���fû:�$ñwO.� ;vm â �cï$ð õ ü��,ð2ò�ý!ðHý É � ò�ðDBDü�ï$ð-�oñoò�����ð�ùoð-�"	��
�~L � L�� N�� ; Ã/ðHü � õ�÷ ü�ð2ñ�����òhñ�ù
ò�ñ�ùoð2ñ (,/0/�132³²:´ 456 J 4sµ*7 )*È �oò�� µ*7�# ) ù õ ü�ï$ð-��ý�ð�����ý É

� ò�ð (,/0/�132³²:´ 456�µ*7 )*È ó2ð2ò�ï�ý@ó � ñ øõ � ÷ ��ý¶ùoòhðcû�ð2ü ö$� ý!ðtý!ðD>%� �oö ðHó��$ñ�ð É �§ü���ý�óRùoðHüdü�ð�� ÷ ý ÷ � ÷ ð2ñ<ú õ�÷ �oû:�$ñ
BDò�ñoó2ð&��� �'� ü�ðHñyý!ü�ðHý!ðHñyùoò�ðX+?��ñYû�ð2ü�ý!òhðHü�ý�ð2ñ õ�� �£e"f â ÿ ö(� ñoù Ò$Ò â ÿ ö �cò�ð-� ð�ñoò�� ÷ ý£����ùoð � ý��hò�� ÷y÷ ðHü�û���ü
$�ò�ð�ðHü $ õ ü�ý�ðHý É +)� õ ü@ó � ðHü�ÿ�ðHñoñoðHñ�ò���ý¶ùoð2ñoñ��
� ÷ ùoò�ðD>A@�¾!½�� É � òhð-��ð�ðHü�� � ÷ ð2ò�ñYý9��ý õ ��ò�����ðHòFe Ò � Ò+* â � eq���
$�øõ)÷ ü�ðHñoù�ùoò�ð�+,�$ñBû$ðHü�ý�òhð2ü�ý!ð õ�� � Ò�Ò â ÿ ö �còhðM� ð ö ò�ý Ò á � e * f���OX�³ï$ü��:¸$ð2ñqW
� ÷ $ õ ñ�ÿ � ñoï$ð2ñ � ñBý�ð2ü���òhðHï�ý É
�§ü��)ý!ópùoðHüXW[ý!ü�ð ��� ñ�ïiùoðHüX� õ~Ò ò öiõ ò���ýcùoò�ð�þ � ��ùFø� ñoñ � ñ�ïyùoðHüX�w�~ú¸ò�ñ
ùoð2ücþK�"�oò���ù � ñoïKù�ð � ý��hò�� ÷ ó �
ðHü�ÿ)ð2ñoñoðHñY�,ð2òhñ�ð	+,�$ñBû�ð2ü���ò��$ñ�òhñ i O â ÿ ö �cò�ð-� ðpÿ õ ñoñ õ ���hð2ü�ùoòhñ�ï��fñoò�� ÷ ýcû�ð2ü�ò�ÊvóHòhð2ü�ý9$¶ðHü�ùoðHñ É8 ñ�ùoð2ñ�� � ��ý!ò � �hðHñ�óHð2ò�� ÷ ñoðHýA��ò�� ÷ ð2òhñ�ð¶ÿ:� ÷Nøõ ü�ðHñBý!ð�> ÷võ ��ð õ �Y��ùoðHü�ð2ñKþRñoÿ � ñ���ý���ó2ðHò�ý ö ò�ý á O5� m � * â �ýeK�
ðtý%$ õRö ò�ýNùoð2üd> � >-,�¾!½�� ø� �,ð2ü�ðHòhñ"��ý!ò öiö ý É � òhð-��ð£� � ��ý!ò � �hð/ò���ý³ù�ð2ü§ð2òhñ�ó2òhï�ð�_~òhñ*$¶ðHò�� õ�� �vù�òhðvH'ð ÷oöiõ ñoñ ;
� ò���ÿ\�$ñBý!òhñ � ò�ý øõ ý��vùoòhð�Z õ ò�ñ�ùoðHñÆùoòhü�ð2ÿBý!ðHñt+,�$ñBû$ð2ü�ý!ò�ð2ü�ý�ð2ñÆñ�ò�� ÷ ý�ó � ��ð ÷ ð2ñ²ò���ý É pRñBý�ð2ü,�¶ðHü ø� �VÿE��ò�� ÷ ý!ò ;
ï � ñoï�ù�ð2ü?Ã/ð2ü�ó ø�$ï$ðHü � ñoï��³ùoò�ð:�V$�òhðC���,ð2ñ¸û$ðHü ö�� ý�ðHý��=ù � ü � ÷ ùoðHñ{���,ð2ü�ð2ñÅ� õ ñYý�ð��/û$ðHü � ü � õ � ÷ ýq$�ò�ü�ùY�
$ øõ ü�ð,� ø� ü�ùoòhð`� � ��ý�ò � ��ðvZ�ð2ù"�5� ÷ ð��,ð2ñ�� õ �����fðHòhñoðpû�ð2ü�ó ø�$ï$ðHü�ý!ð	+,�$ñBû$ðHü���ò��$ñ"��ó2ð2ò�ý~ó � ðHü $ õ ü�ý�ð2ñ É
BDò�ñoð<ñ"�5� ÷ ��ý øõ ü�ÿ�ðHü�ð'� � ��ý!ò � �hðqð2ü ��� ÷ ðHòhñBý���ðHò¶ðtý%$ õ e.�]�h����ðHó2ðHò�� ÷ ñoðtý ö ò�ý$/k
 É Õ õ � ÷ Í#N / J 232 J µ*7 )
ÿ\� öqö ý§�«ø� ücùoò�ð���ð�ú�ð2ò�ý0�hð2ù�òhï���ò�� ÷ ù�òhð�óM$¶ðHò�ý!ð	� � ��ý!ò � �hðRùoð2ü g)� ý�ð2ñE��ðHü�ï ;%� ò���ÿ:�$ñBý!ò�ñ � ò�ý7øõ ý?�!> � W'1Y�U
¶ò�ñ
� õ É n â ÿ ö òhñtcvü õ ï$ð:� � ñBý!ðHü?�¶ð2ü)ø� �VÿE��ò�� ÷ ý�òhï � ñ�ï�ðHòhñoðHü�ó2ðHò�ý2��ò�� ÷ ðHñ[Ã/ð2ü�óBø�$ï�ð2ü � ñoï�ñ õ � ÷ ùoð ö 8 ñBû$ð2ü ��ò ;
��ñ"� ö �¤ù�ð����/ùoðHüCW ; &·ð&���hðHñoï$ð-��� ÷ $�òhñoù�òhï$ÿ)ð2ò�ý�ð2ñ É �põ ù�òhðTH õ�� � ó2ð2ò�ý!ÿ � ü�û$ð2ñÅ�,ð2ò�ùoð2ü ö�� ��ý�ò � ��ð2ñ=> ÷võ ��ð2ñ
õ ñoñ øõ�÷ ðHü�ñoùKï��hð2ò�� ÷ û$ðHü�� õ�� � ð2ñ'�43 �võ ñY�
f n�n�n 
M��ò���ý=ùoòhð-��ð�BDü�ÿ5� øõ ü � ñoï � � õ�� ��ò���ð&� É �põ ñoð-��ðHñq��ò�ñoùq$dð2ò�ý�ð2ü�ð
ÿ\� ÷Nøõ ü�ð2ñBý!ðK> ÷võ ��ð2ñqòhñKùoðHñTW ��öiö ð2ñ"� ��� ü�ð2ñ ó � ð2ü�ÿ�ð2ñ�ñoð2ñY�Yùoò�ð ö ò�ýFùoð ö ÷ ð � ý!ðcï ø� ��ý!ò�ï$ð2ñCBDü�ù ö �[ùoð&���
ñ�ò�� ÷ ý~ð2ü�ÿ6� øõ ü�ý�$dð2ü�ùoð2ñ�ÿ ø��ñoñoð2ñ É

8 ö � ø� ù ø����ý��hò�� ÷ ð2ñ=�¶ð2ü�ð2ò�� ÷ �oò���ðHý%$ õ ó � ü`��ò�ý�ý�ð��¶òhï 8 �7� õ ñ�ù"�,��ý�ð ÷ ðHñµñ � ü,��ð ÷ üD$dð2ñoò�ï$ð�W ��� ü�ð2ñ ó � ü
Ã/ðHü � ø� ï � ñoï É c ø� ü�ù õ �8	��
�~L � L�� N�� ; Ã/ð2ü � õ)÷ ü�ðHñ{$¶ðHü�ùoðHñ ÷ òhðHü�ñ � üKZ�ð Ò â W ��� ü�ð2ñÝû$ðHü $dð2ñoù�ðHý¹�x� �²ù õ � �
ò�ñ"���,ð�� �$ñoùoðHü�ð ÷ ò�ð2üdñ � ü¶û��$ü ��ò�� ÷ ý�òhï$ð�þ � � � õ ï$ðHñ�ï$ðHý�ü��:^�ð2ñÉ$dð2ü�ùoð2ñ�ÿ ø�$ñoñ�ð2ñ É 8 ñ (,/0/�132³²:´ 456�µ*7�#'9 ��òhñ�ù
ù�òhð.�,ð2ÿ õ ñ�ñYý�ð2ñ=� õ ñYý�ð���ÿ:�$ñBû$ðHü�ý�òhð2ü�ý!ðHñTZ�ðHù"�5� ÷ ÿ6� õ ü~ó � ò�ùoð2ñBý!ò³Êvó2ò�ð2ü�ð2ñ É >A@�¾!½��"�hò�ð2ï�ýX�,ð2òoe�e"� e i * â � e
�pñ � ü�ï$ð2ü�òhñoï:� ø� ï$òhï ÷ òhñBý!ðHü�ùoðHü�ý ÷ ð-�$ü�ðtý!ò���� ÷ ðHñ y (,Æ"Ç§È*) ; ú�ðHò�ý��F>x¼%¼%½U�)��òhð2ï)ý ö ò�ý Ò á � i n:* â �ýe»����ð2ò�� ÷ ý
ù õ û:�$ü É � ò�ðC+?��ñYû�ð2ü�ý!òhðHü�ý�ðqù�ð2ü i O â ; ÿ öC;%� ò���ÿ\�$ñBý!ò�ñ � ò�ý{øõ ý�ý!ü�ò�ý�ý�Z�ð2ù"�5� ÷ ñ � ü�û õ ï$ð��,ð2ò i e�� n e * â � i �
õ�� � É
BFý%$ õ � ÷ ò�ñYý�ð2ü�ù�ð2ü,>x¼%¼%½U�pó2ðHòhï�ýR��ò�� ÷ ð2òhñ�ð�ó-$dð2ò�ý!ð���ý õ ü�ÿ�ðC> ÷võ ��ð'� ö ò�ý<;���ðHó2ð2ò�� ÷ ñoðtý�
M�F$�òhð.��òhð õ�� � ÷
� � ÷ �$ñqòhñKùoðHüv>-� �oö ð2ó���ñoð õ ñoï�ð2ùoð � ý!ðtýv$ õ ü É Bk�Dò���ý � ñ�ÿ5� õ ü��\��� ÷ òhðHüFùoò�ðcòhñ (,/ � }>= 4 1 L!L@? 7�#57�Ï ðHü $ øõ�÷ ñ ;
ý�ð2ñ'> ÷võ ��ð2ñ ø� �,ð2ü�ï øõ ñoï�ð�ù�ð�� g ü õ ñ õ ýfð2òhñ�ð,bX�����hðK� � ò�ð���ð2ñ»�[ùoð2ücðHòhñoð øpX��ðHü�� õ ï$ð2ü � ñoï�û:�$ñ'> ÷oõ ��ðHñ õ�� �
�,ð2ñ õ � ÷ � õ ü�ý�ð2ñ[b~ðHï$ò��$ñ�ð2ñ ö ò�ýfû$ðHü�ó ø�$ï$ð2ü�ý!ðHñÆþ�ñoÿ � ñ
��ý���óHð2ò�ý!ð2ñ�ð2ò�ñoð?bX�����hðR� � ò�ð��hðHñ É
��ð ÷ ü�ð2ü�ðK> ÷võ ��ð2ñÉ��òhñoù ÷ ò�ð2üDòhñ����,ð�����ñoùoð2ü�ð õ�� � ÷ ò�ñ ùoð2ñÉ� � ��ý!ò � �hð2ñ'�����,ð2ñ#
Fó � ð2ü�ÿ�ðHñoñoð2ñr�¤ùoò�ðcÿ�ðHòhñoðHü
�,ð2ÿ õ ñ�ñYý�ð2ñhWYý!ü � ÿYý � ü@ó � ï$ð-�$ü�ù�ñoðHý£$¶ðHü�ùoðHñ<ÿ ø�$ñoñoðHñ É & ò�ðRò ö >%� �oö ð��,ð2ü�ð2ò�� ÷ ï$ò���ý@ð�� õ�� � ÷<÷ òhð2üv_~òhñ ;
$dð2ò���ð õ�� �DðHòhñoð	> � >%,�¾!½U���#$¶ð&��� ÷ ð�òhñ�ùoòhð-��ð ö �¶ðHü�ðHò�� ÷Æö ò�ý á�â � n8* â � n �xZ�ðHù"�5� ÷ ��ý øõ ü�ÿ)ð2üR� � ÷ $ õ ñ�ÿYý É
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�põ ��ò ö Ã/ðHü�ï���ð2ò�� ÷ ó �ly (,Æ"Ç§È*) � ü ø�o÷ ðHü�ðqþ � ��ý�ü�ðHý�ð2ñµùoð2ü	> ÷võ ��ð���ý�ò öqö ý ö ò�ýpùoðHü.�dð���� õ � ÷ ý � ñoïÆò�ñ
ùoð2üX>%� ��ö ðHó��$ñoð ø� �,ð2ü�ð2ò�ñ É

8 ö ñ"��ü�ù�$dð���ý2�hò�� ÷ ð2ñ=�¶ðHü�ðHò�� ÷ $ � ü�ùoð2ñÉZ�ð-$dð2ò����De â$â û���ñ¸ò�ñ"��ï�ð�� õ)ö ýqf�f:f
�»W ��� ü�ð2ñ õ�� ��ï$ðM$ øõ�÷ ��ý É � ò�ð
W¤òhï�ñ õ ������ü ö ò���ýfù õ ù � ü � ÷ ï��hðHò�� ÷oö�øõ ¸$ò�ï$ð2ü É � ð � ý��hò�� ÷ ð2ü�ÿ�ð2ñ�ñ5� õ ü���ò�ñoù<ùoò�ðD>A@�¾!½U�?� ÷ òhð2ü£��ðHòFe á � â * â � m
�U
 � ñoùIùoò�ðh>x¼%¼%½U���A$dð���� ÷ ð'�,ð2ò á f��³f
� * â � m i � õ�� ��ý�ü�ò�ý�ý É B/ò�ñoð
þ � ��ù ø� ñ�ñ � ñoï·ùoðHü��w�~ú ÿ õ ñ�ñ ò�ñ
ùoòhð-��ð ö �dð2ü�ðHò�� ÷·õ ��� ��ñoò�� ÷ ý�ñ õ � ÷ ï$ð-$�ò�ð���ðHñ{$dð2ü�ù�ð2ñ É & òhðC��� ÷ ��ñÝð2ü $ øõ)÷ ñBý¹�A�hòhðHï�ý�ùoò�ð�p~ü�� õ � ÷ ð<ùoðHü
ï��hðHò�� ÷oö øõ ¸$ò�ï$ð2ñ�Ã/ð2ü�ó$ø�$ï$ðHü � ñoï��,ð2òhù�ð2üX> ÷võ ��ðHñw$ õ�÷ ü ��� ÷ ðHòhñ���ò�� ÷ ò ö ù õ ü)ø� �,ð2ü7�hò�ð2ï$ðHñoùoð2ñw� õ ñYý�ð�� É
� òhðfþ ö�� �hò�ý � ùoðfù�ð2ük>x¼%¼%½��Dò���ý/ò�ñKùoòhð-��ðHüDþR�"�oò��hù � ñoïD$¶ð-��ðHñYý��hò�� ÷ ��ý7øõ ü�ÿ)ð2ü-� ÷ òhðHüFZ�ð2ù"�5� ÷ ò���ý/ù õ �Dó-$dð2ò�ý!ð
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� � ��� ����'��N �
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N ��� R��>��� � � U ���>�>R�������� �³��� ��� �<� ���_P�� ¬ N-R�� � ��N � �i��� �¡� ��� � � ·�M � � � � ã � á �P'� M RSN � � � �ON]R][ �7� �>� � �«��� � R �
����� ���� �&� ���ð� � �ñþ7¤HºbÜaå ë » µÇM � �VUWU ¢�X0�`R¹�G� � ��P ¬ R��>� U � �#"�� � Uö���R]RTNK¢6�G��RSR¹��� ��� � � ��� �&�]U�� �³  ��� ���! bPbR]RSP����
�!P � �>� � � � µ ���ON �VU [ U P�� � RTN>�`NSN2� � ¬ P���� � �z�G�`N � ã �   ���7� ���>�z� M�� �!X � RSN U ���>� �G� ­�M � ������� � � � �èR����'�
�³� ��� �<µ ���ON �VU [�����R � �dP�� �K� � é)R ­��&� � �M � ��� N �

� � �)­ZM��SU � � � � �'� �$ê �ON ��� R]P��>�_P��'� �¡� RSN ���N2���`NcR M �
�\N���� �)­�M ��î£�0Þ�Ô�ß�§ ª Ü ¼������ � àn[ M RTN-P U � ��� N � � M R��\N�� M �
� � R � U P�� � R7�>� U ��P'�>� � R���� í�í ���6� ¶ � � ¬ �)���³� �bR M X�� � ��� � ����� � � ���³� � �)� PbR�� �P����_P����8� ����µY¶�· P��
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b w�z����-��ª��µv�� b � �-vWw��-{%�;{`|���x���zO�/����´Å�;z � x�v��O`Yv\�����;{���vW{_zZvW� ����/�-{%vW{��! `²"�V�¦zZ{ox�#�#�²$�V�ã�-�K]çv��
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��� � Ý.�
»�Ú��ð�6� � � � � R � �ON-R][ � ���>�ON � ��� �&�"¶A� �%[ �&� �`N]P ���&� � �M �_P��'�4P�� é����
»¹Ý.���ZÉ+,"¢§X�� � R�� � ��� � N�X¹�
�`P��>� ­�M � · � M ����P����:õg��N]N-R Ü ¼����.¼�àrP����-, MZUWU ���bR<Þ�Ô¹ß�§ ª Ü ¼�����¼�à0����� � � M �
� � �QXYP � � � �
� � � [ M RSN]P U � ��� N �fU ��N ��� � U��<� PbR7� � �'��P'���¾� �&� ��PbR�� � � �P��'�_N � � µY¶�·k­�M � � P���� q ���ï�5� � �ON U �����Ø� �&�
ü �;X0�����WR7�>�_X �#U\U�� Ü , M�UWU ���bR�Þ�Ôøß�§ ª ¢6¼�����¼oÐ á � � �iÞ�Ôøß�§ ª ¢6¼�����é.à��������
������� � � � �8�`PbR�� � R��>� U\M R]R � �eX ��� � � �S¢
���ð���bR �¡� R M �'� ���7� ��� � R �&� �ZP!N �P �³��� � � �>�ON � � M�� �!X � RTN U ���>� �   ����� ���>� � ��� � R MZU �>� �$� PbR�� �P����_P����Ø�����>�ON
� � ����N � ���&���7� RSP U N�� ���7� ��� � � ��� ����� � ¯������WP!R�� � R � U P�� � R��>� U ��P��>� � R��WRSN � ���°� U � ��� R � ��� � ���>� � �Ö�G� ¬ �P � ¢
����R]R�����R���P ¬ RSN � ��� � ��� ��µ �`N �&� ��� U �'� � �ê��³��� �������ZR7� M � �$��� �>�ONHR7�>��� �VUWU �!P � �>��� � ���'��NµP��'�Ö��� �/. P �#U\U »
�7� ��� M �:� � R ü ��X¹������» � U P�� � R0�
�\N�� �SMZ"��&� õg��� � R��>� � ��� U ���>�'� � ��NYN2� � ¬ ��� ���¤P��ON �&��� � µ ���ON �#UçU � � ��N �

î � ��� �&� � M ���ON � �°��P!R¹� �&� ±F� � N�� ��� P����<� ��� Ý�º
��»ö�5�+» � �\R�� M �ON2���_P���N ��`N-� � ��� � � � P!N U ���>� � � ü ���_X � �\R � �`P ¬
�'� � � M R��\N�� M �F� � R � U P�� � RÇ� � � �#U�� �\N � N·X ��� � � � � ( ��� �%� ��� � P!N-P��'� � �<� � ��� � ��R����>� U�� �'��� U ���>�����   �&��� ���>�
��X��WR7�>� � �Û ¹��� ã R U ����� P���� µ ��P�� � µg�M � U ���>� ��� X � �\R � X � �WRTN¸��� �®� �\R�� M �_N����_P���N ��`NµX � � � �Û��� ���&� � M � � �
0 §�ß�ËGÞ21�¿-½ ¨ » á N � ���ZP����jRSN2� � � � � U�� ��� �
��`P��8��� �%¶ßM [ M � � ��['��� � ��P ¬ P'���+�WRTN�� � RSX � � � �®���$� ��� á P��8�8�`N�� M �
�'���>�ON��G���>�OX � �WR � � � �
�1R¸�WRTN �&�¡� � ¬ � U\U R)� � ��� � � � ¢Ç�G�`R]R¸��� �®� �'��P'� ¬ N-R7� � ��N$� ��� �1*-,/. R<��P "���� ��� U�� � � R<�VP�� �#U ��R]R � � � � ·S� ��N7»
¬ � �bRSN ��� R ­ZM ��Ý.é0»SÝ�ÙjR U ���'¢K�G���'� � ¬ � RTN2� � RSN �VUWU N � × � R��>�OX����'������� � ��N-R2��� M �8� U � � P��ON ��� � ��� î£�\N�� M R]['� �� ���
�³���7� ��N-R � ��� �f(-��� � �M � ��� P'���dP'� � �WR"�#P«épR ­���� P � R����>� � �Û� �M ���ON � � ó �P'� � NF��� � N � �Â[ ��� �`N-P ���³� ��������N �
��� R � ���_P����ì� ����� �WR�� M �ON2����P'�\N ���N$�VP � ��� ��� X � ��N ���7� � (-�&� � �M � ��� P���� ­ZM �k� � � � � U R+¼&R�¢ßX �P � � � R�� �
�'���>�ONð� � � � � � N � �_N�� �&� N%X �&� � � � � � PbR�� � � � �'� ­ZM �z� ��� ����� ��� ���>� � �'� �³�#U�� ��N � � � U P'� � [ M R7�\N�� M �k���
í�í �<�6� ¶ � � ¬ � �\RSN ´ � � M �>� � ��� �cL�� ���ZP��'�$� � R � U P�� � R7�>� U �`P��>� � R¹�G���>� LjM�� �!X � RTN � �Ø�#P �&� X¹� � N � � � ã �
¤)¥
¥�¦!§���� ¨5©&� ªWÚ_Û R7�����i��� �$�³� R7�>� � � ���³� � � �g� � � �&� ���\R]R � �VP � ��� � � R7�>� � �8�`N��WR�� ��� N � � µÇM � �VUWU �#PbR����®»
� � �'� � ¬ ��RSRSN �

� � �   �#M�� ���>�ON-P���� � �V� �&�ïµ ���_N �#U ���WR7� M �ON2���_P��\N ��`N � �ÆXYP � � � � �
�\N®� ���43 ½�½�ÔôÒ�Ô/¿7ß�Ë.» µY� N2� M � �e�P �³��� »
[ ���P ¬ NrP���� �¡� RSN ��`N2����N �5× U�� ���>��� � �\N������ M ���ON � �8��N-��� � R �&�¹µ°� N2� M � � �G��R � P ¬ N ��� N � �ÂX � �\N ���7��� � M � �� ��� �5»
N ��� � �G��R � �hP'�_N ��� R]P��>�ONÁX ��� � � � � � � �¡� �?XYP � � �8� ��� � �fP U N2�\[ U�� � �G��R �
�³�#M�� ���>�_N � N�¢£��� � � � � � R]R � �
���k��� �7���$� ���_P�� ¬ N]R�� � �\N ­�M �k� ��� î � ���8�����R» � �WR�� M �ON2����P'�\N ���NÁRTN>���
� � �g� �M ���ON � � � � � R �ð­ � � ��� ��� N¸���
� � �Ö� �7� �@  ���7� ���>� � � � ã � P�� �¡�&� ���! lPbRSRSN � �>R �P�� �M RSN U ���>� � ��  �&��� ���>�&N � �\NSNjR�� �¸� N�X¹��R ­���� ¬ ���P��ON)�`P ¬ ¢ò���
� U P�� �&�¡�&��� ���>�X�����'� � � � � U�� ���>�ON ­���� � �M � ��� N � ã � � M�� �!X � RSN U ���>� � �   ���7� ���>� �\RSN)R7� � �VX¹� � �����>�_N � ���R»
� � P!N���� ��� � � ��� � � � ¢ ´ � � M �>� � �_N]R][ �7� �>� � ��� �
�\N$� ��� ��� ���$­�M�� � ����� R��>� � ��� � � (-��� � �M � �&� P��'� ­�M �eé¸R
����� � � � P!N � N �
� P � �>�+�G��R � P ¬ N ��� N � ��RSN2� � � ��� �fP U N2�\[ U��&� � ����R � �
� M ���ON ��� ��� � ��� �7� �ON � ± M � ­���� N�� �&� N � � ��� î � �'�ð���'�
��� µY� RSR�� �&� � � N������>�ON��G���>��� � X�� � R � �4X �&� � � �Ñ¢lR M �G��R]R��'� �"��­�� �_N]P �#U\U��¸µ P U N2�\[ U�� � � � � ���'����� � � ü ���R»
X � �\R U � � ¬ �&� N � � � �r( � � �4�`N�� M �¸� �&��� �'��P'� ¬ N-R7� � ��N � ��X �P � � � ��X0� � � � � ­ZM�� � � R��>� U ��� � � µdM � �VUWU6� �ON-RS[ ��� »
�>� � �Ñ¢R�G���>�:¯ M RSNÌP����ïõ ���³��� Ü ¼����Rº�àJR7����� ´ � � M �>�Ø� U�� ��� �K���P��
��� ��¶ � � ¬ � � ������ �&� P���� � �Ø�#P ��� X¹� � N � �S¢
R M ����R]R � ���:� U � ��� R��fP U N��W[ U�� R á �����G� U¡­ZM �¾� �&� î � ���ð����� � � �&� P'�_X¹��� � R��>� � ��� U ���>�Y�WRSN �

Scientific Technical Report STR 04/05 Deutsches GeoForschungsZentrum GFZ



sZs rFs å%t�u@vxwzy.{ s
|@}@~ v-��u |@�$�I|@��� t � u@v-�~åx��v"u s uAt�� �

� �¡� �bR M P��%RSN � �\NSN � �k�\RSN+�'� � � U\M�� � U��QL ���>�OX � �WR � � � � � �\N
� �&� Ú�¼���»ö�6�®» � �WR�� M �ON2����P'�\N ���N � ã �   ����� ���>�
� � R � U P�� � R�� M ���ON � R7� � �����>�ON �¡�VM�� ���>�ON � N�X ��� � � � � á � � � R��>�OX0���>�ì� � ����NjR����>� � ��� � �_N]R][ �7� �>� � ��� � R
á �����G� U ���¤P�� �³��� ���! lP!R]RSN � �¾  ���7� ���>�:��� á �P�� M RSN � � � ���&� � � P!N U ���>�bRSN � ü ���OX � �\R���P ¬ � ��� � �6587�. R�� � ����N
R����>�«��� � ��� � � � ����� ¬ �M�� �
��� � � × ��� � � NÅP�� � � � � U P�� � � ��� P�� Ü R�� � � � ¤)¥
¥�¦!§���� ¨5©d� ªWÚ:9 à�¢£� UWU � � � � ���
�WRTNYR�� � ��� � M�� �!X � RSN U ���>� � �Y  ���7� ���>� ´ � � M �>�°�����>�ON��VX � � ¬ �#U R ¬ ��� �£�#P°��� � �ON2� m ��� �&��� � �
á � �"��� R7�>� � ���ON���� �&�¹� N�X¹��R ¬ � �P�� ��� � U RO�G���>�QN2� �#M��7� N2�\R��>� � �Øõ �&� N � �Ø�#P �&� X¹� � N � �Ñ¢!X¹��R��VP � � U\U � � � � ��»
� � � (-��� � �M � �&� P��'�<� �&�O� ���_P�� ¬ N]R�� � �\N � �ð���®��� � R ���¹·�M � � ���fõ ��� ��� R][ � P��>�QRSN � �ON � ��� ��� � � � X �� ����� ���
�%���! lP!R]R�� � R � �G��R � � �P �¡�&� �.���'� � R�� � R � � M [bR����Ñ¢Ñ� �&�$�³� � ��� � �M �ON � � ¶@� �Â[ ��� �`N-P ��� �Û�#P � ��� �&�<� P ¬ »
R][ U �\NSN-P����
� �&� Ú�¼���»C�6�®» � �WR7� M �ON2���_P��\N ��`N ¬ �P�� �7� �Y������� Ü ��� PbR]RcP����°õ M�M �'� M PbR � ¢S¼����'º�à � � � � RYX �� ���
� UWU���� ��������R � � �&� ���:� ��� � U P'� � � M � � �VP �&� X¹� � N � �ÇP����°�WRSN���� ��� � U R�� � � UC�� � P���� ¬ � ����X �P � �'��� �
ê ��� U � �<�!U�� � � N¸���ì��� � R �&�$ê �_N ��� R]P��>�_P����ì��P'�>�g� ��� �%���! bPbR]R<� � R × � ���G�`N2���ON � � U R¸��P ¬ ��� � í�í ��»C�6�®»
� �WR7� M �ON2���_P��\N ��`N � ��X � ��P ¬ ����R � P ¬ N ��� N � � � ��� ��� �VPbR ��`N�� U ���>� � � q ¼���»ö�5�+» � �\R�� M �ON2���_P���N ��`N �³� �����bRSN � �_»
� � �'� � � ¶A� �%[ ��� ��N-P �7� � � õ ���� �7� ���Y� ��� � M�� �!X � RSN U ���>� �   ����� ���>� � ��� � RTN �� � � �&��� �10�0�. R���P ¬ X � �WRTNK¢G��� �
� ��� ��(-��� R��>��� �#U �#P��'� �¡� ��� �&� � �G��R � �pR]P���� ��� � ��� NK¢5� � ��� � �4R M X M � U ��� � � U P�� � � M � � � U R0��P'�>�Ø� ��� P'�R»
�¡�&� ���! lPbRSRSN � R �P'� �M RSN U ���>� �   ���7� ���>� ´ � �VX � � µ ���R���ð� �
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[ U �`NSN ��M � �&��� � ��� ¬ �P �@� ��� � �%��� � � �¡� X � �ZP����)� � R � U P'� � R��G� � RSN �#UWU N �   � ��� � � �7� �������WRSR � R7�����$� ��� ����� � NK¢
P'�ñ�'� �µL�� ���ZP����<� � R � U P�� � R¹��� µ ���ON �VU �#P ��� � Uö�� ��� � � �%��� � X � R � �ON U ���>� � ó � ��� � �WRSN¹���8��� � R � � · PR»
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R2���
� � ���G������¢�X�� � N2� � ¬ ��� ���>� � ��� �'� ��� P!RSX�� � �_P���� � � � ��� �&�ï­����K������ �&� N � � � U ��N]N � � �¡� X � �ZP���� ��P ¬
µ ���ON �VU RTN �
�M �fP���� � �>R � ���Ö� �M ��� � � � µdM � �#UWU � �&� P���� � �ÇP����¸X � �\N ���7��ê �ON ��� RSP��>�_P���� � �ÕN�� � ¬ �&���&��µ ���R»
N �VU RSN � P��ON]P ��� �¾� �M ��� � �¾��� · P��_P�� ¬ N ­ � �#U\U�� ���>�ON � ��� �)� �ON�X M�� N ��� � ���³� � �
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_ CEDGFa`b@IDbL `GcdFa`[efFIChgji P ChM

�Zk�l�Mnmno ¢ µ � Pqpqr ã N M ¢�� � Ü º
Ù�Ù�Ù.à � , l`UWMnsto(uwv N sto(x RSN-Pyr Ã M p uzl ´ Mnsto N v »�[ v{sSM
­ R k:o N v N s+l pbR o N oWM p o pHN�� v R Ã »
RSN v{u½µ|m * á o * q ,}7 » µ|mn~>�cU 7 á o(~6q ,}7 koN s+l pbR o N oWM p �ÓM Pypqr l�sto(v RnX o N2�p[ M R o N o�­�v [ s�v R]R]P s�v »¾N v�u [ v{s�l N-P stv
R U\M [ v R � ÜJÍ!1
Ò ª�� ß�¿mÔ�Í4ÜO§�ß ¨ Þ�Ô ª þ ¨ ÔWÞ�¿ ª ¢E�^�)�Ç¢Ñº�¼�Ù��òºKÝ)� �

�Zk�l�Mnmno ¢ µ � ¢ ¶�l p l�k�l ¢ � � ¢^Pypqr ã N M ¢A� � Ü ¼��n��¼�à �Y× l�s p v N7» oWU(uwv p o N v »�[ v{sSM�­ R k!o N v N s+l pbR o N oWM pbR o pÕN+� v
R Ã RSN v{u µ|m * á o * q ,}7 » µ|mn~2�cU 7 á o(~6q ,�7 l N\� o(m �'[ s�v RSR]P stv R l pqr�� o(m �>N v{u [ v�s+l N]P s�v R#kD[q� l R vzvVÄ P oWU�o »
�qs�o(l ¢ x�l`UWMnuwv N s Ã l pqr o�u [ U�o(x{l N o\M pbR ¬ Mns�uzl pON U�v RTN s P x N]P s�v � ÜrÍ!1
Ò ª�� ß�¿�Ô�Í ÜO§�ß ¨ Þ�Ô ª þ ¨ ÔWÞ�¿ ª ¢��!���Ñ¢
én��é��5é.¼�Ý �

�Zk:o ¢A± � Pqpyrg¯ o(x � l�s rbR�¢ �@� Ü ºKÙ s �.à �b� ��ß ¨ Ô\¦!Ôèß�Ô�¦!å�Þ%ºÑÞ�¦�Ò�¼e½�§W½ © 1��·ÍGÞ�½�¿21Öß ¨ �d¹«Þ�Ô�Íl½#��Ò � ó s�v{v�u]l p
l pqr|, Mnu [ l p Ã �

�Zuzu%M pÑ¢�, � Ø � ¢A¯ l pyr l�UWU ¢ ×+� � � ¢DPqpqr ·�l pqr!NK¢ ×+� Ü ºKÙ�Ùn�.à � q pÕN�� veLjM p_Pqp o\Ä P v p v R]R M ¬ ¯ v�x{v{o�­nv�s
ólPqp x N oWM p ã p ­�v{s R oWM p!R �Z� ª*� Þ�½�ËlÍ!1
Ò ª ä�Þ>Ò ª ¢^�^�Ñ¢£º�Ú�én��é��³º�Ú�é'º s �

� pqr v�s R M pÑ¢��/�Gî=� Ü º
Ù�Ù s à2� ¶ � v R x�l�U�v R M ¬ u]l pON U(v&xVM p ­nv{x N o\M p����¡Þ>Ó�Ô�½ ¨ ½�ËlÍ!1�Ò�¦èÓ>Ò�¢y�^���Ç¢£º2�òº����
  pqr v�s R M pÑ¢��/�-î6�?Pqpqr   l R]R&¢ Ø �6�/� Ü º
Ù s í à2� ¶�s+l p!R o N oWM p stv{mno\M p M ¬ N�� v¢¡6l�s N���£ R�Pb[![ v�szuzl pON U�v �
¤ ß�Ô/��¿>Þ�¢��^��¥£¢òé.¼Rº2�5é.¼ s �

  l R]R&¢ Ø �:�/�ZPqpqr   pqr v{s R M pÑ¢!�/�.î=� Ü º
Ù s Ý6à¦�§, Mnu [ M R o N o\M p M ¬ N+� v P![b[ v�s6u]l pON U(v k × vVM [q� Ã R o(x{l�U N v RSN]R
M ¬ N�X M [ v N sSMZUWMnm�o(x�l`U§u%M r v#U R�� � Þ�½�ËlÍ!1�Ò ª ä�Þ>Ò ª�¨ Þ�Ô\Ôª©(«¬�^��«³¼�é)���'¼�Ý)�y�

­�v{s�xVM�®�o�x{o «¯�/� Ü ¼��n��é.à¦� ¶ � v*m�v p v�s+l N oWM p M�° [ U(l N v N v{x N M p o�x R °±sSMnu²uzl pON U�v�xVM p ®nv�x N o\M p�� � ß�¿mÔ�ÍÑÜ�³�ß�´SÞ�Ôµ©
ºÑÓ2¶>© ¨ Þ�Ô�Ôµ©(«���¥��E«£º��)���³º�¼5ºn�

­�v{s�xVM�®�o�x{o «��/�DPqpqr[· vVUWU Ã «   � Ü ºKÙ�Ù)��à¦� ¶ � v p M p5» U(o p v�l¯s\o p o N o¸l N oWM p M¯° r o¸l [ o(s R l pqr¯[ U P uzv � v{l rbR{�
� ß�¿�Ô�Í4Ü�³�ß�´SÞ�Ôª©DºÑÓ2¶>© ¨ Þ�Ô\Ôµ©(«¬�!¥¬��«£º�º
Ù��³º
én�y�

­�v{s�m�u]l p o R{« ¡ �E,"�¹« á o p_N M p�« Ø � µ �¹«�Pqpyr ¶ºs PbR�r vVUWU «Ñó*�   � Ü ¼��n�n��à2�$» v}¼ P ®�v p l N v r ®�MZU(x{l p o R u½l`UWM p m
N+� v R M P!N+�OX v RTN s�o¹° N¿¾ M p v « ¡6l RTN µ|l P o « ü l X l¯o £ o � 3 �!³À³¹©&Á§½�³�Ó�ß�´�½�³¹©(«�Â^��«³¼�é�Ù��'¼�Ú�Ú��

­�o p l «y,"�q»��!Pypqr ü vVU Ò s�o(x �Ã« × � Ü º
Ù�Ù�Ý.à2�ºÄ6� l R v N s+l pbR o N oWM pÅ, U¸l [ v Ã s]M pQR U\M [ v R l pqrQN s+l p!R o N oWM pz¾ M p v
R v�o R uwo(x r o R x#M pON o p_P o N Ã N M [ Mnmns+l [q� Ã � � © � Þ�½�ËlÍ!1
Ò{©Aä�Þ>Ò{©(«^�^� Ü ­ s à¦«�Æ�Ú s Ú�é���Æ�Ú s í �y�

Ù�Ú
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­*o p l «§,"��»��§Pypqr;Ô M�M r�« ­ � Ø �ºÕ}Æ�Ö s�×:Ø �ÍÙ¿� vÚ¡=x#U\Mnmno N v N M4Û�l�s p v N o N v Ù s�l pbR o N o\M pÅ� ¡ �![ v{sto(uwv pON l`U
l pyr|Ù¿� v�s�u%M r Ã p l�uzo�x , M pbRTN s�l�o pON-R�� �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{© ¨¬Ü2ß>ß ©(«¬�^��Õ�Æ�� Ø «^Ö)ànà���Ö)à s �

­�M!x�k « Û ��Õ}Æ�ÖnÖyÆ Ø �¢á M p m¯â Ä v{stoWM rbã N M Äa, M p ®nv�s N v rbÔ l�®nv R l pqrÕN+� vQq p!R v N M�° Ä l¯s N o(l�U�ä|v#U N o p m
­*v p v�l N+� q�l ��PÃ«^å l X l¯o(o � �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{© ¨¬Ü2ßæß ©(«¬�!��« snç Ö�� s �nè��

­�M!x�k « Û �ÃÕ�Æ�ÖnÖ ×:Ø ��ã Ã p_N�� v N o(x R v{o R u%Mnmns+l¯uéo(uzl�mnv R M�° P![b[ v�sêuzl pON U(v RTN s P x N-P s�v k LcM/v2®�o r v p x{v"°�Mns�l
ànè¯� â8k:u r o R xVM pON o p�P o N Ã � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«^�^�E«EÆ�à s�×)ë �^Æ�à s à�Æ��

­�M!x�k « Û �çPqpqrG· o pqr�«¬»���Õ�Æ�ÖnÖ�Æ Ø �   mZUWMnìql�U RSN]Pqr Ã M�° ã â N M¯â Ä l pqr[Ä â N M¯â ã xVM p ®nv�s R o\M pbR °±s]Mnu N�� v
Pb[![ v�sRuzl pON U�v N s�l pbR o N o\M p4¾ M p v � �ZÜ ½�ËlÍ!1�Ý{© � ©Eí¦´ ß ©(«��!¥Ãî§«EÆnÆ�����Æ�è�Öy�

­�M RTN M!x�k « ä � Û �ÃÕ�Æ�Ö�Ö)� Ø �   p o R M N sSM [ o�x P![b[ v�s�âªu]l pON U(v RSN s�l N o�mns+l [q� Ã l pqr l�stx � o N v{x N-P stvµM�° N�� v ã U(l�®�v
x�s+l N M p�� ¤$ï�ß ��¿ Ü «Ã�^��¥E« ë Ö)è�� ë Ö)à��

­�M RTN M!x�k « ä � Û �qÕ�Æ�ÖnÖ s)Ø � ä-l p_N U(v RTN s+l N o(m�s+l [q� Ã l pqr v�®�MZU P!N oWM p M¯° N�� v ã U¸l�®�v [ s]M�®!o p x�v � � © �ZÜ ½�ËlÍ!1�Ý{©
Þ Ü Ý{©(«E�:¥��¬Õ ­ Ö Ø «�è�ÆnÆ s�ë �yè�Æ�è¯�n�y�

­�M RTN M!x�k « ä � Û �ZPypqrÅã l�x{x � o « ä �:�/�qÕ�Æ�ÖnÖn� Ø ��� v{xVM p ®ZMZU P!N o\M p M�° N vVU(v R v{o R uwo(xêstv{x#M�s r o p m R °�Mns=uzl pON U�v
RTN s P x N-P s�v � �ZÜ ½�ËlÍ!1�Ý{© � ©Eí2´ ß ©(«E�!����«EÆ ×në ��Æ�ànè!�

­*s+l pqr M p�«   �¹«yÔ l`U(k�v�s «y»\�¹« ädMnstm)l p�« Ø ��« LcMnstu]l pÃ« ä �¹«bPqpqr¢Ä s�o�x � l�s r�«�å���Õ�Æ�Ö�Ö s)Ø �h, M Pb[ U�v r ,/¶�0 q R
l pyr ,/¶}ð q R ¡h®!o r v p x{v�°�Mns , Mnstv2â�ä|l pON U(v�ñ pON v�s+l�x N o\M p��aº�ò2¶ Ü ´Ãò Ü «^�^��¥E«EÆ�àn�����^Æ�àn� ë �

­*s Pyp v N{«��/��Pqpqr\órP v p�«¯�/��Õµè����n� Ø � ä-l p_N U(v [ U P uzv R^[ o p x � v r o p�N+� v N s+l pbR o N oWM p\¾ M p v � �êï ¿ ß Í�Ü�³ ï ´ Ü2ß ©
º�ò2¶>© ¨¬Ü2ß>ß ©(«¬�yîq��«EÆ ë �yè����

­ Pqr!X v{m « ä ��Õæè��n�)è Ø �Eô Ü ¿µ½�õ Ü ¿ Ü ¹ ï ´ ß8Ü ³�¶À´-ö Ü ¿ � ¶ á Ü ³ø÷µÞ Üµù ¶¾½�´Åú!´ ß}Ü ¿+Ý2ú�ò�Í ß ¼Ú¶ ß ö Ü ¿êÞ Ü ò Ü ¶Àû Ü ¿êü�ú!´Ãò2÷
ß ¶¾½�´&¹ Ü2ß Íl½{ö Ü �6� o RSR v�s N l N oWM p�«qýRp o�®�v{s R o N�þl NRÄ M RTN+r l¯u �

­ P s r o(x�k «¬á=� Ø �çPqpqrGá l p m RTN M pÃ«¬,"��Õ�Æ�Ön�n� Ø � ädM r v#U�o p m4x�s PbRTN â RTN s P x N]P s�v N+� s]M P m �'N�� v PbR v�M�°�x#M p â
®�v{s N v rd[q� l R v R o p4N vVU(v R v{o R uwo(x&ì§M r Ã â X l�®�v�°�Mnstu R�� 3 ú�³À³¹©^º Ü ¶(Ý�¼e½�³¹©çº·½�ò{©Eÿ�¼w©(«^Â§îÃ« ç �n��� ç ÖyÆn�

, l RSN U(v « Ø ��,"�oPqpqr|, s�v{l�mnv{s «q·Ú��,"�EÕµè��n��� Ø ��á M�x{l�U Rt� l�s [qp v RSR l pqr4R�� v�l�s X l�®nv R][ v{v r ¼ P u [ l¯x{s]M R]R
N�� v çnç � âªk!u r o R x#M pON o p_P o N Ã � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«E�:¥���« ç Æ�ÖyÆ2� ç è��n�y�

,*� v pÃ« Ø ��« ñ p M P v «�Ù$��«ºórP s�o(u%M N M «�å��¹«+PqpqrbÔ v{o ryp v{s «=�/� Ø �êÕµè��n�nè Ø � ¡ Ò v�x N M�° X l N v�s)M p MZU(o¹®!o p â
X l rbR U(v Ã o N v [q� l R vNìÓM Pqpqr l�s Ã o p¬N+� v Õ ä|m «�� v Ø 7 ã o�q * R Ã RSN v{u � �ZÜ ½�ËlÍ!1�Ý{©$Þ Ü Ý{© ¨�Ü2ß>ß ©(«Í�^��Õ}Æ s)Ø «
Æ s �nà�«�r Mno k¹Æ��y�¹Æ��)è¯Ö��nè��n��Æ Û á¬�yÆ ×n× è�Öy�

,*� v�®!sSM N�«^ã���«�� o pyp o(k «�á6��Äº�¹«!Pypqr ädM pON l¯m p v{s « Ø � â Ä��EÕ�Æ�ÖnÖnÖ Ø � ÛHUWM�ì�l�U¹â R x{l�U(vÍl p l�U Ã R o R M�° N�� v&uzl pON U�v
Ä=rbRY[q� l R v R�� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«E�:¥^�¬«�è��nè�� ë �yè¯�)è�Æ�Öy�
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,*� M [ vVU¸l R�«   �=Õ�Æ�ÖnÖ�Æ Ø ��Ù¿� v{stu]l�U Ä sSM [ v{s N o(v R M�°���â}ä|m 7 ã o�q	�\l N ä-l pON U�v Ä s�v RSR]P stv R�� v{s�o¹®nv r °±sSMnu
� o�ìqs+l N oWM p l�U ão[ v�x N s]M R x#M [ Ã k ñ8u [ U�o(x{l N o\M pbR °�Mns N+� vRä-l pON U�v¿l N × �n� k!u � v [!N���� � © �ZÜ ½�ËlÍ!1�Ý{©^Þ Ü Ý{©(«
�^ÂE«ÃÆnÆ s Æ�����ÆnÆ s è¯Öy�

,*� M [ vVU¸l R�«   �hÕ}Æ�ÖnÖ ×)Ø �¿Ù¿� v�s�u%M r Ã p l¯uzo�x R l pqr ­*v � l�®!oWM P s�
�â�ä|m 7 ã o�q	�$l N&å o(m �-Ä stv RSR]P stv k ñ8u [ U�o¹â
x�l N oWM p!R °�MnsRä|m 7 ã o�q	� Ä=� l R v\¡1Ä P oWU(o�ìqs�o P u �rÜJÍ!1�Ý{© 0 Í Ü ¼w©D¹;¶À´ Ü ¿ ï ³ Ý2«^�E��« ë à�Æ¦� ë à�Öy�

, U\M P l�s r�«��/�gPqpyr ­�M pyp v�®!oWU\U(v «   �ºÕµè����yÆ Ø ��å M X uzl p Ã Ä l�x{o�m�x � M N-RS[ M N-R l�s�v�°±v r ì Ã r v{v [ â8uzl pON U(v
[ U P uzv R{� �ZÜ ½�³W½ ù 1�«^�^�E« ç Ö)à�� ç Ö s �

, M�UWU(o�v{s « Ø �y�/��«�å vVU Ò s�o�x ��« Û �y»��¹«!PqpqrÅÔ M�M r�« ­ � Ø ��Õµè����yÆ Ø �ºã v�o R uzo�x r o R x#M p_N o p_P o N o(v R l pyr4R]P ì rbP x¦â
N o\M p4¾ M p v R{�nÜJÍ!1�Ý{© �êï ¿ ß Í4Ü*³ ï ´ Ü2ß ©�í¦´ ß}Ü ¿�©(«E�!�§î§« ë à�� × Ö��

, M�UWU(o pbR{« Ø �   ��«
� v{s p M p�«��*�*á=��« q&stx P!NSN�« Ø �   �¹«aPqpqrfã�N v [q� v p�«¿»��   �&Õµè����)è Ø �aýj[b[ v�s4u]l p_N U(v
RSN s P x N-P stvzì�v p v{l N+�'N+� v å l X l�o�o¸l p RSX v#U\U k�, M p!RSN s�l�o pON]R °±sSMnu N�� vÂM!x{v{l p'R v{o R uwo(x p v N�X M�s�k [ oWU\M N
v�� [ v{s�o�uzv pON�� �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{© ¨�Ü2ß>ß ©(«Ã�^�¬Õ�Æ�Æ Ø «qr Mno k¹Æ��y�¹Æ��)è�Ö��nè��n�yÆ Û á¬�yÆ ë�ë �)è��

, M pqr o(v «^·Ú�^,"��Õ�Æ�Ö s è Ø ��Ü�³ ï�ß8Ü � Ü ò ß ½�´�¶µò�Ý ï ´�ö 0 ¿¦ú)Ý ßªï ³ � û�½�³øú ß ¶¾½�´��6Ä v{stm)l�u%M p-Ä stv R]R�« q	�!°�Mns r��
, M�� «q»��yÙ$�ÃÕ�Æ�ÖnÖnÖ Ø �ºå l X l�o�o¸l p ®ZMZU�x�l p o(x [ s]M [ l¯m)l N o\M p l pqr å l X l�o(o(l peRTX vVUWUÃl R Ã uwuzv N s Ã �$� Ü ò ß ½�´�½�÷
ËlÍ!1�Ý2¶µò�Ý2«��¬�:¥E« ç Ö��y��Öy�

, sSM R]R M p�«§»\�§ã§�gPqpyr;· M Ã l p l¯mno «^»��qóÚ�ºÕ�Æ�Ön��Ö Ø �êã v{o R uwo(x&®�v#UWM!x{o N Ã RSN s P x N-P stv�ì�v#UWM XâN�� v\ñ R U¸l pqrbR M�°
å l X l�o(oÃ°±sSMnu¤U\M�x{l�U�v{l�s N�� Ä P l�k�v r l N l � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«^�q�¬«�è ënë Æ2�yè ë�× è��

,�R v{stv [ v R{«Ãá=�§Pypqr|órP v p�«��/�   �ºÕµè��n��� Ø � q pÇN+� v [ M R]R o(ìqo\U(o N Ã M�°=l R v�x#M pyr k!o pqr M�°=uzl pON U(v [ U P uwv �
�êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©Dº�ò2¶>© ¨�Ü2ß>ß ©(«¬���^��« ç Æ2����Æn�

,�R v{stv [ v R{«�á6�¹«�órP v p�«§�/�   �¹«ÓPypqrNã x � s þM r v�s « ­ �   ��Õæè��n�n� l Ø � ¡ Ò v{x N M�° N+� v�uwo r âªu]l pON U(v"®!o R x#M R o N Ã
l pqrQ[y� l R v¦â N s+l pbR o N oWM pÂRSN s P x N]P s�v�M p ë � uzl pON U�vZxVM p ®nv�x N o\M p��1ÜJÍ!1�Ý{© �êï ¿ ß ÍeÜ�³ ï ´ Ü2ß ©§í¦´ ß}Ü ¿�©(«§�^����«
Æ ë à��^Æ ×Os �

,�R v{stv [ v R{«�á=�¹«�,*� sto RSN v pbR v p�«^ý\�q»���«oPqpqr » o(ì�v « L � ä �EÕµè¯�n�n� ì Ø � Û$v#Mno rÅ� v�o(m �ON ®�v{s R]PbRYN M [ Mnmns�l [q� Ã
°�MnsÍl [ U P uzv$u%M r v#U·M�° N+� v å l X l�o�o¸l p4RTX vVUWU � �¿ï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ß>ß ©(«¬�yîq��«�è�Ö�� ë�s �

,�P uzuwo pbR�«=Äº�¹«�· v pqp v N]N{« ­ �6á6� L ��« ­ÌM X uzl p�« Ø �6»��¹«1Pqpqr ­ÌM RSN M�x�k « ä �RÕ�Æ�ÖnÖ)è Ø � Ù¿� v ànè¯� k:u
r o R x#M pON o p_P o N Ã�� 3 ú�³À³¹©ßº Ü ¶(Ý�¼e½�³¹©Dº·½�ò{©�ÿ�¼w©(«^�^��« ë è ë � ë�ënç �

� l�®¯l�o\UWU(v «   ��« Û$o(s�l�s rÃ«��*�¹«çPqpqr ­êl�s R�« ä ��á=��Õµè��n�nè Ø ��å M X N M|l p x � M�s � M N-RS[ M N]R o p l¢xVM p ®nv{x N o p m
u]l p_N U(v � �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«���¥§��« ç è!Æ2� çnë�× �

� v PbR]R�«   �JPqpqr�Ô M�M rq� M PbR v « Ø �6å��RÕæè��n�yÆ Ø �jã v{o R uwo(xÇq&ì�v{s R v{s�®�l N oWM p M�° ão[ U�o N]N o p m&M�° N�� v;ä¢o r â
Ù s�l pbR o N o\M p�� M p v � o R xVM pON o p_P o N Ã o p ¡6l�s N+��£ R ä-l pON U�v �nº�ò2¶ Ü ´Ãò Ü «��^�q�¬« ë à × � ë àn���
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� v PbRSR{«   ��PqpqrÚÔ MoM rq� M PbR v « Ø �nå\�^Õµè¯�n�)è Ø �   R Ã RTN v{uzl N o(x R v�l�stx � °�M�shu]l p_N U(v r o R x#M pON o p_P o N o(v R^PbR o p m
ãqã â [ stv{x P s R M�s R{� �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{© ¨�Ü2ß>ß ©(«����¬Õ s)Ø «�r M�o k¹Æ��y�¹Æ��)è�Ö���è��n�)è Û á¬�yÆ × � çZs �

�µP v{k¯v{s «"·Ú� Û �nPypqr ã�� v{v � l p�«   ���*�\Õ�Æ�ÖnÖ s)Ø � ä-l p_N U(v r o R x#M pON o p_P o N Ã RSN s P x N]P s�vGì§v p v�l N+�ãN�� v
, MZU\Mns+l r M » M!x�k Ã ädM PqpON l�o pbR l pqr-å o(m �¢Ä U¸l p v R�� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«E�:¥��E«��!Æ�à ë �y�!Æ ç Öy�

�µP!Ò Ã «hÙ$��ã§�?Pqpqr   pqr v{s R M p�«��/�há=�ÍÕ}Æ�Ö s Ö Ø � ã v{o R uwo(x � v#UWM!x{o N o�v R o p ä-l pON U�v¢ä|o p v{s+l`U R l pyrèN�� v
ä|o p v{s�l�UWM�m Ã M¯° N�� v ýc[b[ v{sZä-l pON U(v � � © �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{©(«����¬«�Æ s Ö)à���Æ�ÖyÆ�è��

�&¾ o�v X M pbR k:o «   �`Pqpqr   pqr v{s R M p�«:�/��á6�qÕ�Æ�Ö s � Ø �qÄ stv#U�o(uwo p l�s Ã s�v2°±v{s�v p x{vR¡6l�s N+� u%M r vVU �ÓÜJÍ!1�Ý{© �êï ¿ ß Í
Ü�³ ï ´ Ü2ß ©Eí2´ ß8Ü ¿{©(«�����«^è¯Ö)��� ë à ç �

¡6l N M pÃ«º�/�§Ô ��ã���«ºã�N v X l�s N{«º»��¬»���«çPqpyr[å l¯s�s�o R M pÃ« ä ��Äº��Õ�Æ�ÖnÖyÆ Ø �wÙ¿� v � stv Rtp v#U ¾ M p vw°�M�s Ä â ã��
X l�®nv R�� �ZÜ ½�ËlÍ!1�Ý2¶µò�Ý2«^�^Â�« ënç ��� ënç�× �

¡h°±s]M p�« ­ �rPqpqrVÙ o�ì R�� o(s+l p o «6»��ZÕ�Æ�Ö s�ç)Ø � ­�M�M N]RSN s�l [ uwv N�� M r!R °�Mns RSN l pqr l¯s r v�s�s]M�s R{« x#M p m r v p x{v
o p_N v{s�®�l`U R{« l pqr M N+� v{sÍuzv{l R]P s�v R M�° RSN l N o RSN o�x�l�UÃl�x{x P s+l¯x Ã �Yº ßµï�ß ©^º�ò2¶>©(«E��«^à × �y�n���

¡=k RTN s þMnu « Û �+Pqpyr �&¾ o(v X M pbR k:o «   � ä �RÕ�Æ�ÖnÖ s)Ø �[Ù¿� v Pyp oWÄ P v¢l p o R M N s]M [ Ã M¯° N�� v Ä l¯x{o\mqx Pb[b[ v{s
uzl pON U�v � ¤$ï�ß ú�¿ Ü «§���q�¬«�Æ ç�s ��Æ��nè!�

¡1UWU RTX M�s N+�Ã«qÔ �^á6�lPypqr-· M Ã l p l�mno «�»\�!óÚ��Õ�Æ�Ö)�n� Ø �=Ù¿� s�v�v2â � o�uzv pbR o\M p l�U , s PbRTN l pqr ä|l pON U(v ã�N s P x¦â
N]P s�vÅM�° · oWU¸l P v�l � MZU�x�l p M «qå l X l�o�o � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«�����«�à ë ��Ö��yà ë Ö × �

¡=s pbRTN�«E»�� ¡ �ÓPqpqr ­ P x � l p�«E·Ú�§á6��Õµè¯�n�)è Ø � ä-l���o�u P u R o ¾ v/l pyr r o RTN s�o�ì P!N oWM p o p&N o(uwv�l pqr>R][ l¯x{v
M�°ºuzl pON U(v [ U P uwv RVk v�®!o r v p x�v\°±sSMnu¤U(l�s�mnv"o(m p vVM PbRY[ sSM�®!o p x{v R{� � © �ZÜ ½{ö�1¯´�©(«��q�¬« ë �nÖ�� ë�× è��

� U¸l p l�m)l pÃ« ä ��Ä��DPqpqr�ã�� v�l�stv{s «ºÄº� ä �*Õ�Æ�Ö�Ö s)Ø � ÛÅU\Mnì�l�U=uzl [b[ o p mÇM�° N M [ Mnm�s+l [q� Ã M pÕN s+l pbR o N oWM p
¾ M p vÍ®nv#U\M�x�o N Ã r o R xVM pON o p�P o N o�v R ì Ã RSN l�x�k:o p m ãqã�[ s�v�x P s R Mns R{� � © �ZÜ ½�ËlÍ!1�Ý{©§Þ Ü Ý{©(«^�:¥��E«!è ç � ë �yè ç Ö)è��

� Mns R Ã N���«��/�ÃÔ ��Õ�Æ�Ö)�nà Ø �wÙ¿� vzv{l�s]U Ã RSN s�x N-P s�l�U6v�®ZM�U P!N oWM p l pqr l p o R M N s]M [ Ã M¯° N�� vÂM!x{v{l p o�x Pb[b[ v{s
uzl pON U�v � �ZÜ ½�ËlÍ!1�Ý{© � ©�Þ$©Eÿ"Ý ß ¿�½�´�©^º·½�ò{©(«y�Ã��«�Æ�� ë ��Æ ç è��

� M P x ��« ä � Ø �¹«�� o R x � v�s «�·Ú� ä ��«ÓPqpqr;Ô Ã R v R]R oWM p�« ä � ¡ �=Õæè��n�yÆ Ø �$á M X v�s�u%M RSN uzl pON U�v/l p o R M N s]M [ Ã
ì�v p v{l N+�ÇN+� v Ä l�x{o�m�x k ñ8uzl�mno p m N+� v R M P s�x�vÁM�° N+� v å l X l�o�o¸l pÇ[ U P uzv � �êï ¿ ß ÍÇÜ�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«
�!��¥E«EÆ ç ����Æ s �y�

�lP ¼to R l X l «^å\��Õ�Æ�ÖnÖ s)Ø � ¡1U¸l RTN o�x X l�®nv�®nvVUWM!x{o N o(v R M¯°º°�Mns RSN v{s�o N v\l pqr o N]R �Eâ R][ o p v#U§°�Mns�u�l pqr x � v{uwo(x�l`U
ì§M Pqpqr l�s Ã � Ã [ M N+� v R o R °�Mns N�� v × Æ�� âªk:u r o R x#M p_N o p_P o N Ã � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«E�:¥§��«^Ö)à¯ÖyÆ2��Ö ç � s �

Û\l � v{s N Ã « Ø � ­ ��« Ø�M�s r l pÃ«yÙ$��å\��«bPypqr Û�v�v «�á=�^ã§��Õ�Æ�Ö�Ö ç)Ø �hã v{o R uwo(x RSN s P x N]P s�vÅM�° N�� v Pb[b[ v{s¿uzl pON U�v
o p lÚx�v pON s�l�U Ä l�x�o\m�x�xVMns�sto r Mns � � © �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{©(«¬�:¥¬��Õ ­ Æ�� Ø «^ènè�è�ÖyÆ2�yè�è ë �nÖy�
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Û�l � v�s N Ã « Ø � ­ ��«Ã· l N M « ä �¹«�Pqpyr Ø�Mns r l p�«ÃÙ$�Ãå���Õ�Æ�Ö�ÖnÖ l Ø �&ã v�o R uÂMZU\Mnmno�x�l�U RTN s P x N-P s�v)M�° N�� v Pb[![ v�s
u]l p_N U(v k   s�v�mnoWM p l�UyxVMnu [ l�s�o R M p M�° R v�o R uzo�xnU¸l Ã v�s�o p m �·ÜrÍ!1�Ý{© �êï ¿ ß Í)Ü�³ ï ´ Ü2ß ©�í2´ ß8Ü ¿{©(«q���:¥E«!è�Æ2� × Æn�

Û�l � v�s N Ã « Ø � ­ ��«hÔ l p m «ºóÚ�¹« Ø�Mns r l p�«=Ù$�6å��¹«1Pqpqr�Ô v{o ryp v{s «6�/� Ø �RÕ�Æ�Ö�ÖnÖ ì Ø �bÙ v RSN o p m [ U¸l PbR o�ìbU(v
Pb[b[ v{s}â8uzl pON U(v"x#Mnu [ M R o N oWM p!RaPbR o p m)m p v¦â R x{l�U(v$u%M r v#U R M�° N+� v × Æ�� â8k:u r o R xVM pON o p_P o N Ã � �ZÜ ½�ËlÍ!1�Ý{©
Þ Ü Ý{© ¨¬Ü2ßæß ©(«��^ÂE«EÆ ç�× Æ2��Æ ç�×n× �

Û�l�stx{o¸l « ä � q ��«y·HP s ¾¯« ä �y�/��«oPqpqr ä P v p M X�«��/�:Ô �EÕ}Æ�ÖnÖn� Ø � ä-l �_P k�M p l kqÙ¿� v"uzo R]R o p m å l X l�o�o¸l p
®ZMZU�x�l p M � �ZÜ ½�³W½ ù 1¯«�����«EÆnÆ�ÆnÆ2��ÆnÆ�Æ × �

ÛHM RSR U(v�s « Ø �ÓPypqrN· o pqr�«�»��hÕ}Æ�ÖnÖ çnØ �"ã v{o R uwo(x\v�®!o r v p x{v/°�M�sR®�v{s Ã r v{v [ s]M�M N-R M�°=xVM pON o p v pON-R�� �¿ï ¿ ß Í
Ü�³ ï ´ Ü2ß ©ßº�ò2¶>© ¨¬Ü2ß>ß ©(«¬�!�^��«�Æ2��Æ ë �

ÛHM N{« Ø � â á=�bPqpqr;, M P!N l p_N{« q �¬Õ�Æ�Ö�Ö)� Ø �   p o R M N sSM [ o�x R x{l N]N v{s�o p mzl pqrpN s+l�®�v#U N o�uzv r v#U¸l Ã l p l�U Ã R o R o p
· oWU¸l P v�l�®�MZU(x{l p M «^å l X l�o�o « v�l�s N+� Ä P l�k¯v�xVM r l X l�®nv R�� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«E�:¥§��« snë Ö)��� s�× Æ��y�

Û$s�o [b[�«   � ¡ ��Pqpqr ÛÅM�s r M pÃ«�»\� Û �!Õµè��n�nè Ø ��ó M Pyp m N s+l�x�k R M¯° � M N]R][ M N-R l pqr x P sts�v p_N?[ U¸l N v=®nvVUWM!x{o N o(v R{�
�ZÜ ½�ËlÍ!1�Ý{© � ©Eí¦´ ß ©(«�����¥E« ë è�Æ¦� ënç Æn�

Û$s Pyp v X l�U rÃ«�ã§�ºÕµè��n��� Ø �%à¬´ ß}Ü ¿+Ý2ú�ò�Í!ú�´ ù!Ü ´ÇÀ{ú�¿Ñ¿ Üµù ¶¾½�´ ï ³ Ü ´&º ß ¿¦ú_Þ ß ú�¿�û�½�´ ¨ ¶ ß Íl½�Ý�ËlÍaÎï ¿ Ü ú!´�öd½�õ Ü ¿ Ü ´
� ¿�ö�¼ ï ´ ß8Ü ³Íú�´ ß8Ü ¿�� Ü ´ ß ¿ ï ³ Ü úo¿-½�Ë ï ¼Ú¶ ßæß ³ Ü ÝdÞO½�´�û Ü ¿ ß ¶ Ü ¿ ß}Ü ¿ Ý Ü ¶(Ý�¼Ú¶(Ý�ò�Í Ü ¿4ÜJÍ ï Ý Ü ´�� � o R]R v�s N l N o\M p�«
ýZp o¹®nv�s R o N�þl NRÄ M RSN�r l�u �

Û P�«�ó/� Ø �!Pypqr-�&¾ o(v X M p!R k:o «   � ä ��Õæè��n�)è Ø � ÛHUWM�ì�l�U^®�l¯s�o¸l¯ìqoWU�o N o Ã M�° N s+l pbR o N oWM pÅ¾ M p v N+� o(x�k p v RSR{� � ©
�ZÜ ½�ËlÍ!1�Ý{©EÞ Ü Ý{©(«¬�:¥Ãî�Õ ­ � Ø «qr M�o k¹Æ��y�¹Æ��)è�Ö���è��n�yÆ Øn­ �n�n� ×Os Öy�

Û P sts]MZU(l «nå\��« ä|o pbRSN v{s « Ø � ­ ��«OPypqr q X v pbR�«!Ù$��Õ}Æ�ÖnÖ ×)Ø ��Ù¿� v PbR vjM�°�®nv#U\M�x�o N Ã RS[ v�x N s P uI°�Mns RTN l�x�k:o p m
s�v�x{v{o¹®nv�sR° Pqp x N o\M pbR l pqr o(uzl�mno p m Pb[b[ v{sZu]l pON U(v r o R x#M p_N o p_P o N o(v R{� �ZÜ ½�ËlÍ!1�Ý{© � ©Eí2´ ß ©(«����yî§« × èn���
×n× �y�

å l�U(v R{«   �§á=�ºÕ�Æ�Ö ç Ö Ø �   R v�o R uwo(x r o R x#M p_N o p_P o N Ã o pdN�� v�U(o N�� M RS[q� v{stv � �êï ¿ ß ÍpÜ�³ ï ´ Ü2ß ©+º�ò2¶>© ¨¬Ü2ßæß ©(«¬î§«
×n× � ×nç �

å l�U(v R{«   �Íá=��« ä P o(s � v�l r�«ê·�� Ø �¹«aPqpyr » Ã pqp�« Ø � ä �êÔ �\Õ}Æ�Ö s � Ø �   , Mnu [ s�v R]R oWM p l`U � v#UWM!x{o N Ã
� o RTN s�o�ì P!N oWM p °�M�s N+� v ýc[![ v�s"ä|l pON U(v �/� Ü ò ß ½�´�½�ËlÍ!1�Ý2¶µò�Ý2«qÂ^�E« ë �nÖ�� ë¯×Os �

å l�uwuÂM pyr�«�Ô �!,"�OPqpqr]åcP u [q� stv Ã R{« ¡ �:�/��Õµè¯�n�n� Ø �§ýj[b[ v{s�u]l pON U(v R v{o R uzo�x X l�®�vZ®nvVUWM!x{o N Ã k ¡ Ò v{x N
M�°ºs�v�l`U(o RTN o�x [ l�s N o(l�U�uwv#U N mnv#Mnuwv N s�o�v R{� � © �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{©(«E�:¥��E«EÆ��nÖ)�nà��^Æ��nÖ snç �

å l R k¯v#U\U « L �   �hÕ�Æ�Ö ç è Ø �\, s PbRSN l�Uhstv���v�x N o\M pbR M�° [ U(l p v Ä l pqr�ã�� X l�®nv R{� � © �ZÜ ½�ËlÍ!1�Ý{©=Þ Ü Ý{©(«�ÂÃî§«
× �nà�Æ¦� × � ç �!�

å l P sto « ¡ �yå��¬Õ}Æ�ÖnÖ çnØ � ä-l�¼SMns}â8vVU(v{uwv pON ®�l¯s�o¸l¯ìqoWU�o N Ã o peN+� v å l X l�o�o¸l p u]l p_N U(v [ U P uwv � ¤$ï�ß ú�¿ Ü «^�^����«
× Æ�à�� × Æ�Öy�
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å l ¾ U(v N]N�«^»��qÔ �lPqpqr|å Ã pqr u]l pÃ«§�/��Ô ��Õµè��n��� Ø �êÞY½ ï ö�Ý2¶>ö Üw�ZÜ ½�³W½ ù 14½�áµ» ï ��ï ¶À¶À� ädM Pyp_N l�o p¢Ä s�v R]R
Ä1P ìbU�o Rt� o p m , M�u [ l p Ã «^Äº� q � ­�M�� è ë ÖnÖ�« ä|o RSR M P U¸l « ä Ù à�Ön� snç «�ý"ã   «�¾�X v�o N v�v r o N oWM p��

å vVU Ò s�o(x �Ã« Û �^»��¬Õæè��n�n� Ø �hÙ¿� v\v�l�s N+��£ R u]l p_N U(v ��Þ Ü û�¶ Ü�� ½�á �ZÜ ½�ËlÍ!1�Ý2¶µò�Ý2«�����«EÆ × Æ2��Æ�à s �
å vVU Ò s�o(x �Ã« Û �^»��lPqpqr ­*o p l «�,"�§»���Õ�Æ�ÖnÖ ×:Ø ��� s�vVÄ P v p x Ã r v [ v pqr v p x�vfM�° N�� v$®!o R o�ìqoWU�o N Ã l pqr|r v [!N��bR
M�°ºuzl pON U(v R v{o R uwo(x r o R xVM pON o p_P o N o�v R{� �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{© ¨¬Ü2ßæß ©(«��E��«�è ç Æ ë ��è ç Æ ç �

å vVU Ò s�o(x �Ã« Û �^»��bPqpyr¢Ô MoM r�« ­ � Ø �¬Õµè����yÆ Ø �=Ù¿� v\v{l�s N���£ R uzl pON U�v � ¤$ï�ß ú�¿ Ü «�������«�à���Æ2�yà��)�!�
å o�v{s]M p Ã u P!R{«^,"���*�oPypqr ­*v{stx#M�®!o(x{o «y�/��Õ�Æ�Ö�ÖnÖ Ø ��� o R x{stv N v$l�U N v{s p l N o p m � M N-RS[ M N o R U¸l pqr!R °�Mnstuzv r ì Ã
o p_N v{s�l�x N oWM p M�°ºuzl�mnuzl N s+l pbR][ Mns N l pqr U�o N�� M R][y� v{sto(x	��v!� P s�v � ¤$ï�ß ú�¿ Ü «§���§î§« ç � × � ç �)�!�

å o�s]M R v «�·Ú�zÕµè��n�nè Ø � Ä=� l R v N s+l pbR o N oWM pbR o p [ Ã s]M�U(o N o(x[uzl pON U�v�l�s]M Pqpqr ç ��� â8k:u r v [!N��·k ñ8u [ U�o¹â
x{l N o\M pbR °�Mns P![_X v#U\U(o p m M�° [ U P uwv R °±s]Mnu N+� væUWM X v{s uzl pON U�v � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«Ú�:¥ÃîEÕ ­ ×:Ø «
r M�o k¹Æ��y�¹Æ��)è�Ö���è��n�yÆ Øn­ �n�)à�Ö)�!�

ñ8s�o¹° Pqp v «�Ù$�¹«�· Mno ¾#P uwo «�Ù$��«;Pypqr   pqr M « Ø �!Õ}Æ�ÖnÖ çnØ �   p v�� [ v�s�o�uzv p_N l�U RTN-Pqr Ã M¯° N�� v=m)l�s p v N â [ v{s]M�® R k:o N v
N s+l pbR °�Mns�uzl N oWM p o p�N�� v R Ã RSN v{u ä|m ã o�q&~tâ�ä|m�~   U 7 ã o�~6q#" 7 �ßÜJÍ!1�Ý{© �êï ¿ ß Í%Ü�³ ï ´ Ü2ß ©�í2´ ß8Ü ¿�©(«!��Â�«�Æ × ���
Æ�à����

ñ R lnl¯k «��/� Û �RÕ�Æ�Ö�Ö)è Ø �jå o�m � â Ù v{u [ v�s+l N]P s�v¢¡1U¸l RTN o�x{o N Ã M�°&ñ8sSM p â8­*v�l�sto p mÕqµU(o¹®!o p v R{� � © �ZÜ ½�ËlÍ!1�Ý{©
Þ Ü Ý{©(«^�§î§«EÆ s ��Æ¦��Æ sZs à!�

ñ N l « Ø � Ø �YPqpqr ã_N o$��s Pqr v «Rá=��Õ�Æ�Ö�Ö)è Ø �BÄ v N s]M�UWMnm Ã « v#U(l RSN o(x{o N Ã l pqr x#Mnu [ M R o N oWM p M�° N+� vGuzl pON U�v
N s+l pbR o N oWM p4¾ M p v � � © �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{©(«��Ãî§« ç�s�× Ö�� ç�snçnç �

ñ N M « ¡ �YPqpqr²Ù l�k�l � l R�� o « ¡ ��Õ}Æ�Ö s Ö Ø � Ä M RSN]R][ o p v#U Ù s+l p!R °�Mnstu]l N oWM p!R o p N�� v ã Ã RSN v�u ä|m 7 ã o�q%��â
� v 7 ã o�q%�Zl pyr;ã M�uzv\Û$v#M [y� Ã R o(x�l`UEñ8u [ U�o(x{l N o\M pbR{� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«^�q�¬«EÆ�� çnë ����Æ�� ç¯×)ç �

Ø�o «�óÚ�`Pqpqr L"l N l¯° «�å�� â ,"�yÕ�Æ�ÖnÖ s)Ø ��� v N v�x N o\M p M�°^uzl pON U�v [ U P uwv R o pÁN+� vaUWM X v{shuzl pON U�v�ì Ã r o Ò s+l�x N oWM p
N MnuÂM�mns+l [y� Ã k�å l X l�o�o � �êï ¿ ß Í4Ü*³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ß>ß ©(«¬�!�^��«^ÖnÖ���ÆnÆ�à��

Ø�M p v R{«!,"�)å\�ZPqpqrwÄ=� o pyp v Ã «)»\�   �^Õ}Æ�ÖnÖ s)Ø �^ã v�o R uwo(x RSN s P x N]P s�vnM¯° N�� vnU(o N+� M RS[q� v�s�v*°±sSMnu N v#U�v R v�o R uzo�x
xVM p ®nv{s N v r l�sts�o�®¯l�U R M�ì R v�st®nv r l NfR uzl�UWU�l�s�s�l Ã R o p¯N+� v R M P!N�� v{s p ã o(v{sts+l>LRv�®¯l r l l pyr ®!o�x{o p o N Ã «
, l�U�o�°�Mns p o¸l � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«��!¥���«EÆ��n� ç à���Æ����nÖn�y�

· l p v Rt� o(uzl «Íã��aPqpqrfå vVU Ò s�o(x �Ã« Û ��Õ�Æ�Ö�ÖnÖ Ø � � o [b[ o p m á M X â � vVUWM!x{o N Ã á l Ã v�s|o p N+� vGä|o r â á M X v�s
ä-l p_N U(v k ¡=®!o r v p x�v\°�M�sRÛ�vVM�x � v�uzo�x�l�U å v N v{sSMnmnv p v{o N Ã �Yº�ò2¶ Ü ´Ãò Ü «��^�^��«EÆ sZsZs ��Æ s ÖyÆ��

· l�s+l N M «!ã§�§Õ�Æ�ÖnÖ)è Ø � q p]Ù¿� v á v � uzl pqp]� o R xVM pON o p�P o N Ã � �ZÜ ½�ËlÍ!1�Ý{©ÃÞ Ü Ý{© ¨¬Ü2ßæß ©(«§���¬Õæènè Ø «!è�ènànà��yè�ènà s �
· l�s+l N M «Ãã§�=Õ}Æ�ÖnÖ)� Ø � q p¸N+� v R v [ l�s+l N oWM p M�°6x{s PbRSN l�U�xVMnu [ M p v pON °±s]M�u RSP ì rbP x N v r M�x�v�l p o(xÁU�o N�� M R â
[q� v{s�v p v{l�s N+� v çnç � k:u r o R xVM pON o p�P o N Ã �aÜJÍ!1�Ý{© �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©Eí¦´ ß}Ü ¿�©(«^�^��«EÆ�� ë ��ÆnÆnÆn�
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· l�s�l N M «nã§�`Pqpqr Ø Pqp m «nå\��Õ�Æ�ÖnÖ s)Ø ��Ô l N v�s «�[ l�s N o¸l�U:uwv#U N l pqrfN�� vaMnsto(mno p M�° N�� v R v{o R uzo�x�U\M X ®�v#U\M�x�o N Ã
l pqr � o�m � l N]N v p_P l N oWM p ¾ M p v�o p4N+� v Pb[![ v�sRuzl pON U�v � �êï ¿ ß ÍÇÜ�³ ï ´ Ü2ß ©ßº�ò2¶>© ¨¬Ü2ß>ß ©(«��!�§îÃ«ÃÆ�Ö ë �yè¯�)���

· l�stk:o « ­ � ­ �¹«Ãã�N o&�ys Pqr v «�á=��«ÓPqpqr�, s�l�o p�« Ø �=Õ}Æ�ÖnÖ)� Ø �   ì;o p o N o\MzvVU¸l RTN o(x�o N Ã M�° N�� s�v�v � o(m � â [ stv RSR]P stv
[ M�U Ã uÂM�s [q�bR M�° R oWU�o(x�l ��Þ Ü û�¶ Ü�� ½�á �ZÜ ½�ËlÍ!1�Ý2¶µò�Ý2«^�q��« ë è ç Ö�� ë èn�nè��

· l�stk:o « ­ � ­ ��«nã�N o&�ys Pqr v «ná=��«`Pqpqr/Ô v pON+¾ x#M�®!o N x ��«:»\� ä �qÕµè��n��Æ Ø �yå o(m � â Ä s�v R]RSP s�v¿¡1U(l RSN o(x Ä sSM [ v�s N o(v R
M�°�ä-l�¼SM�s�ä-l N v{s�o(l�U R M�°�¡6l�s N���£ R ä-l pON U�v � s]Mnu � o�s RSN&Ä s�o p x{o [ U(v R�� �ZÜ ½�ËlÍ!1�Ý{©=Þ Ü Ý{© ¨¬Ü2ß>ß ©(«E���¬Õ ×:Ø «
à��)����à ë�× �

· l X l�k�l N-RSP�«�å\��Pqpqr LRo P�«'�*��Õ}Æ�ÖnÖ ×:Ø �!ã v{o R uwo(x6v�®!o r v p x�v�°�Mns�l Ö)è�� âªk!u r o R x#M pON o p_P o N Ã o p�N�� v*uzl pON U�v �
¤�ï�ß ú�¿ Ü «��§îÃ��« ë �yÆ2� ë �)à��

· l Ã «�»\�¹«ºåcP ìqìql�s r�« L � Ø ��«^Pqpqr Û�l RTN�«ºÄº�ºÔ �*Õ�Æ�Ö)��� Ø �;,*� v�uzo�x�l�U�x � l�s�l�x N v{sto RSN o(x R l pqr M�s�o(m�o p M�°
M�x�v�l p o(x$s�o r mnv&®�MZU(x{l p o(x$sSM�x�k R�� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«§îq�E«ÃÆ�à s à��^Æ ç Æ ë �

· v{l�s�v Ã «�Ä���Pqpyr(� o p v «���� Ø ��Õ�Æ�Ö�Ö ç)Ø � � ³W½�õ ï ³R� Ü ò ß ½�´�¶µò�Ý2� ­�U(l�x�k X vVUWU ã x{o�v p x�v á·N+r��¹« q R�p v Ã ä¢v�l r�«
q)��°�M�s r q�* èw� ¡ á=«�è v r o N o\M p��

· vVUWU(v�s «�»��   ��«+� o R k « ä ��»���«gPqpqr;Ô � o N v «�Ô � ä ��Õµè����n� Ø � ñ R M N M [ o(x�v2®!o r v p x{v�°�M�scU(l N v\x{stv N l¯x{v#M PbR
[ U P uzv¦â8s�o r mnvZo pON v�s+l�x N oWM p l NnN+� v � l X l�o(o(l p4� M N]R][ M N�� ¤$ï�ß ú�¿ Ü «��§¥���« ç � ë � ç � ç �

· vVUWUWM�mnm «qá=��å��¹«�å l�m�v{s « ­ �^å\��«gPqpyr ®¯l p-r v{s å oWU RSN{«�»\���/��Õ}Æ�ÖnÖnÖ Ø �ê, M�u [ M R o N o\M p l�U ã_N s+l N o\mqx�l N oWM p
o pQN�� v � v{v [Ã�Yº�ò2¶ Ü ´Ãò Ü «����^��«�Æ s�s Æ2��Æ s�s�× �

· v pqp v NSN�« ­ �§Pqpqr ¡ p m r l � U « ¡ ��Õ�Æ�Ö�ÖyÆ Ø �*Ù s�l�®�v#U N o(uwv R °�MnsRmZUWM�ì�l�UEv�l¯s N+� Ä P l�k�vfU\M�x{l N o\M p l pqr&[q� l R v
o r v pON o\mqx�l N oWM p�� �ZÜ ½�ËlÍ!1�Ý{© � ©Eí¦´ ß ©(«E�:¥���« × è�Ö�� ×)ç à��

· o pqr�«§»\�§Pqpqr�� o pqp o(k «Ãá=�§Äº��Õ�Æ�Ö sZs)Ø �RÙ¿� v P![b[ v�s�âªu]l pON v#U r o R xVM pON o p�P o N o�v RjPqpqr v�s p v{l N+�¸N�� v�Û »)�
l�s�s�l Ã °±s]M�u Ä â N M�â ã x#M p ®�v{s N v rd[q� l R v R{� � © �ZÜ ½�ËlÍ!1�Ý{©(«�Â���«EÆ ë�s ��Æ × �!�

· o pqr�«^»���«^· M R l�s�v2® « Û �^á=��«gPqpqr-Ä v N v{s R v p�« L �,�/�ºÕ�Æ�Ö�Ö)à Ø ��» v{x�v{o�®�v{sR° Pqp x N oWM p!R l NjN�� v RSN l N oWM pbR M�°
N+� v�Û$v{stu]l p » v{m�oWM p l`U ã v{o R uwo(xHLRv N�X Mns�k Õ Û »Zã L Ø � �ZÜ ½�ËlÍ!1�Ý{© � ©Eí¦´ ß ©(«����E��«EÆ�ÖyÆ¦�yè��)è��

· o p mnuzl «:·Ú��«q, M � v pÃ«q»�� ¡ �¹«qå v�uÂU�v Ã «y»�� Ø �¹«!Pypqr ä-l�M «�å���Õ�Æ�Ö�Ö)à Ø �EÙ s+l pbR °�Mnstu]l N oWM p M�° RTN o Rt� M�®!o N v
N Mwl r v p!R v{s [q� l R v�l N UWM X v{s�âªu]l p_N U(v [ s�v RSR]P stv R�� ¤$ï�ß ú�¿ Ü «��Ãî��¬«�è ×)ë �yè × à��

· Mno N M «�ã���«   k�l�Mnm�o « ä �¹«�·HP ì§M N l « q �¹«^Pypqr�ãoPq¾VP k:o «ºÙ$�êÕæè��n�n� Ø �|, l�UWMnsto(uwv N s�o(xÚuwv�l R]P stv{uwv pON-R M�°
[ v�s]M�® R k:o N v R o pdN�� v R Ã RSN v�u , l Ù o�q&~tâ , l ã o�q&~&l pyr v�� [ v{s�o�uzv pON l�U�l pqr x�l�U�x P U(l N v rd[q� l R v/vVÄ P oWU�o¹â
ìqs�o(l�°�Mns � o�m � â [ s�v RSR]P stv r o RSR M!x{o¸l N oWM p M�° r oWM [bR o r v ��ÜJÍ!1�Ý{© �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©�í2´ ß8Ü ¿�©(«E�!��¥¬«EÆ¦��Æ��y�

· M R l�s�v2® « Û �6á=��«6· o pqr�«6»���«�ã M�ìÓMZU�v�® «�ã§�-����«hórP l pÃ« * �¹«6å l p k�l «=Ô �¹«1Pqpqr q$stv Rt� o p�«�ã��"Õ}Æ�ÖnÖnÖ Ø �
ã v{o R uwo(x|¡h®�o r v p x{v-°�Mns]l � v N l�x � v r ñ pqr o(l p á o N�� M R][y� v{sto(x ä|l pON U(v-­*v p v�l N��VÙ o(ì�v N{� º�ò2¶ Ü ´Ãò Ü «
�^����«�Æ ë � ç ��Æ ë �nÖy�
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· s þP mnv�s «.�*�gPqpqr¢Ô v�ì§v�s « ä �ºÕ�Æ�ÖnÖ)è Ø �*Ù¿� v�v Ò v{x N M�°?UWM X âª®�v#UWM!x{o N Ã R v r o(uwv pON]R M pÇN+� v\uwo R]R UWM!x�l N oWM p
®�v{x N Mns R M�° N+� v�Û »)� l�sts+l Ã � �ZÜ ½�ËlÍ!1�Ý{© � ©Eí2´ ß ©(«E�:¥��E« ë�s ��� ë Ö ë �

·HP ìÓM «   �fPqpyr   k¯l`Mnmno « ä �¢Õµè¯�n�n� Ø � Ä M RTN âªm)l�s p v NæN s�l pbR o N o\M pbR o pÖN�� v R Ã RSN v{u ä|m/� ã o0��q1" è â
ä|m�~   U 7 ã o(~�q1" è&Pb[¯N M è s Û Ä l k?[q� l R v4stv#U¸l N oWM pbR M¯°Zmnl�s p v N�« oWU(uwv p o N vwl pyrÈ[ v�s]M�® R k:o N v �¯ÜJÍ!1�Ý{©
�êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©Eí2´ ß8Ü ¿�©(«E�!�¬��« ë�s ��� ë Ö ë �

á l�ìqs]M R]R v «¬ã§�hÕµè��n�nè Ø �$å M N-RS[ M N-R{« u]l p_N U(v [ U P uwv R l pqr xVMns�v � v{l N U\M R]R�� �êï ¿ ß Í&Ü�³ ï ´ Ü2ß ©Jº�ò2¶>© ¨¬Ü2ßæß ©(«
�!�^��«EÆ × ����Æ�à ç �

á l p m RTN M p�«E,"�   �hÕ�Æ�Ön�n� l Ø �\, Mnst®¯l�U\U(o R�« q$stv{mZM p�« x�s PbRTN l�U=l pqr>Pb[b[ v{s$uzl pON U�v RSN s P x N-P stv/°±s]Mnu N vVU(v¦â
R v{o R uzo�x Ä l pyr;ãQX l�®�v R{� 3 ú!³À³¹©ßº Ü ¶(Ý�¼e½�³¹©ßº·½�ò{©�ÿ�¼w©(«^Â§î§«���Æ ë �y�nè × �

á l p m RTN M p�«Ã,"�   ��Õ�Æ�Ö)��� ì Ø �ÍÙ¿� v�v Ò v{x N M�° [ U(l p l�s r o [b[ o p mÂM p¸R M P s�x{v/l pqr stv{x�v{o�®�v{s&stv RS[ M p!R v R °�Mns
xVM pbRSN l pON s+l Ã [ l�s�l�uwv N v�s � 3 ú!³À³¹©^º Ü ¶(Ý�¼e½�³¹©Dº·½�ò{©Ãÿ�¼w©(«�ÂÃî§«�Æ��)è�Ö���Æ��)à��y�

á l p m RTN M p�«y,"�   �ÃÕ�Æ�Ön��Ö Ø �Eã�N s P x N]P s�v Pqpqr v�s¿ädM Pyp_Nê» l¯o p o�v{s «nÔ l Rt� o p m N M p�« o p °±v{sts�v r °±s]M�u N v#U�v R v{o R â
uwo(x&ì§M r Ã X l�®�v R�� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«����¬« × � × Ö�� × � ç è��

á l R k¯v « Û ��«ºÄ=� o [![bR â}ädMns�mnl p�« Ø �¹«?Pypqr q&s�x PoN]N�« Ø �   �¿Õ}Æ�ÖnÖnÖ Ø �(� o�s RTN stv R]P U N-R °±s]Mnu N+� v å l X l�o(o(l p
ã!Ô ¡ á¬áh[ o\UWM N v�� [ v�s�o�uzv p_N{� �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{© ¨¬Ü2ß>ß ©(«§�^Â�« ënë Ön��� ë�× ���y�

á l Ã «�Ù$�_Pqpyr]Ô l`UWU¸l¯x{v «�Ù$�q,"�§Õ�Æ�ÖnÖ)à Ø �ß¹'½{ö Ü ¿2´ � ³W½�õ ï ³lº Ü ¶(Ý�¼e½�³W½ ù 1¯� ñ�ñtñ �   x�l r v{uwo(x Ä s�v RSR¿á o(uwo N v r�«
è × â è s q"®¯l�U » M)l r�«^á M pyr M p L Ô Æ���� * �

á v{ì�v r v2® «�ã§�¹«),*� v�®!s]M N{«!ã§�¹«ZPqpqr ®¯l pÚr v�s å oWU RSN{«�»��)�/��Õæè��n�)è Ø �^ã v�o R uzo�x*v�®!o r v p x�v¿°�MnsJqµU(o¹®�o p v Ä=� l R v
,*� l p mnv R l NnN�� v × Æ�� â�l pqr ç�ç � â · o\UWMnuwv N v{s � o R xVM pON o p�P o N o�v R���º�ò2¶ Ü ´Ãò Ü «��^�^Â�«EÆ ë �n���^Æ ë �)è��

á v � uzl pqp�« ñ ��Õ}Æ�Ö)à�Ö Ø �,� v#U\M�x�o N o�v R M¯°�U\M p mno N-Pqr o p l�U X l�®�v R o p)N+� v Pb[![ v�s [ l�s N M�° N+� vR¡6l�s N+��£ R u]l pON U(v �
ÿ"´�´�© �ZÜ ½�ËlÍ!1�Ý{©(«¬�!��«�Ö ë ��Æ�Æ s �

á v � uzl pqp�« ñ �\Õ}Æ�Ö ç Æ Ø � ã v{o R uwo(x v�®!o r v p x�vG°�MnsdqµU(o¹®!o p v Ä=� l R v ,*� l p mnv R l NpN�� v × Æ�� âzl pqr çnç � â
· oWU\Mnuwv N v�s � o R x#M p_N o p_P o N o(v R{� �ZÜ ½�ËlÍ!1�Ý{© � ©�Þ&©Eÿ&Ý ß ¿-½�´�©^º·½�ò{©(«q�¬«EÆ�è × �^Æ ëZs �

á o «   ��«+� o R x � v{s «E·Ú� ä �¹«ÃÔ Ã R v R]R oWM p�« ä � ¡ ��«·PypqrG, U¸l�stk�v «ÃÙ$� Ø �=Õ}Æ�ÖnÖ s)Ø � ä-l pON vVU r o R x#M pON o p_P o N o(v R
l pyrÇN v{u [ v�s+l N]P s�v Pqpyr v{s N+� v p Mns N�� l�uwv{sto(x{l p x#M pON o p v p_N l�UEk�v�v#U � ¤$ï�ß úo¿ Ü «§�^����«�Æ ç ����Æ ç�ë �

á o « * �ÃÕµè��n��Æ Ø �ºÿaÞ Ü ò Ü ¶Àû Ü ¿Rü6ú!´Ãò ß ¶¾½�´Çº ß úqö�1Q½�á ß Í ÜZ¤ ½�¿ ß Í �*Ü Ý ß Ü ï ò2¶ 2êò�º^úyõ�ö�ú^ò ß ¶¾½�´3�+½�´ Ü$ï ´�ö ß Í Ü
» ï ��ï ¶À¶ ï ´d¹ ï ´ ß ³ Ü Ü�³øú�¼ Ü �6� o R]R v{s N l N oWM p�«�� s�v{o�v ýZp o¹®nv�s R o N þl N ­�v{s]U�o p��

á o « * �¹«�ã M�ìÓMZU�v�® «Ãã§�4����«§· o pqr�«§»���«�órP l p�« * �¹«�Pypqr ¡ RSN l¯ìqs]M�Mnk «�,"�hÕµè����n� l Ø �   r v N l¯oWU(v r stv{x{v�o�®�v{s
° Pqp x N o\M p o�u]l�m�vÑM�° N�� v Pb[![ v�s$u]l pON U(v r o R x#M pON o p_P o N o(v R o p&N�� v�Ønl [ l p>R]P ì rbP x N o\M p ¾ M p v � �êï ¿ ß Í
Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«¬�!����«�ànè����yà × Æ��
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á o « * �¹«�· o pyr�«�»\�¹«�Ä s�o(v RSN U(v Ã «�·Ú�¹«¯ã Mnì§MZU(v2® «�ã�������«�Ù oWU�u]l pqp�«'�*�¹«�órP l p�« * �¹«�Pqpqr�Ô v{ì�v{s « ä �yÕæè��n�n� ì Ø �
ä-l [b[ o p m N+� v å l X l�o(o(l p�[ U P uwv6x#M pyrbP o NßX o N�� xVM p ®nv�s N v r)R v�o R uwo(x X l�®nv R�� ¤$ï�ß ú�¿ Ü «¯��¥���«�Ö ëZs ��Ö × Æn�

á o « * ��«¯· o pqrÃ«¯»��¹«�Pypqr�órP l pÃ« * �qÕæè��n� ë)Ø ��ã v{o R uwo(x RSN]Pqr Ã M�° Pb[b[ v{sºu]l p_N U(v N s�l pbR o N o\M p�¾ M p v�ì§v p v�l N��
� M N]R][ M N-R���ÜrÍ!1�Ý{© �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©Eí2´ ß8Ü ¿{©(«����^Â�«���Ö��!Ö)è��

á o « * �¹«^· o pqr�«q»\�¹«yórP l p�« * ��«�Ô þMZU(ì�v{s p�« ñ ��«lPypqr-å l p k�l «qÔ ��Õæè��n� ×:Ø �=» v}¼ P ®�v p l N oWM p M�° N+� vÅU(o N+� M R â
[q� v�s�v�ì Ã N+� v � l X l�o(o(l p4[ U P uzv � ¤�ï�ß úo¿ Ü «��§�§î§« s èn��� s è�Öy�

á o «¯óÚ�¹«)Ù¿�_P s�ì�v{s «y,"�!å\��«OPqpyr ä PypbR M pÃ«y,"� Û �^Õ�Æ�ÖnÖ)è Ø �ÃÄ s]M`mlU(vYM�° � o R x#M pON o p_P o N o(v R ­*v p v{l N+�]å l X l�o(o
� s]Mnu ãQN M ÄV, M p ®nv{s N v r ã v�o R uwo(x Ô l�®nv R{� �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{© ¨¬Ü2ß>ß ©(«¬�!��«EÆnÆnÆ2�^ÆnÆ × �

á o pqr!X l�UWU «��/�   ��Õ�Æ�Ö sZs)Ø �   ÙaX M¯â � o�uzv pbR o\M p l�U ã v{o R uwo(x6ñ p ®nv RTN o�m)l N o\M p M�° , s P!RSN l`U ã_N s P x N-P s�v ýRpqr v�s
N+� v å l X l�o�o¸l p ñ R U¸l pqr!R LRv�l�scq$l �_P l pqr¢· l P l�o � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«^�^��«EÆ�è�Æ��n����Æ�è�Æ�ènè��

á o pqr!X l�UWU «��/�   �ºÕ�Æ�Ö�ÖyÆ Ø � qHU r-Ä l�x{o�m�x , s PbRTN LZv{l�s å l X l¯o(o k   ã v�o R uwo(x � o(v X�� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«
�^ÂE« s Æ�ÖyÆ2� s è�� ë �

ä|l�u/ì§MZU(v «   �ÕPypqr � U(v�o N M P!N�«Ná=�VÕµè��n�nè Ø � Ä v N sSMZUWMnm�o(x�l`UèU(l Ã v{sto p m o pqr!P x{v r ì Ã l p v pqr M¯â
N+� v�s�uwo(x [q� l R v N s�l pbR o N o\M p o p N+� v ¡6l�s N���£ R uzl pON U�v � �ZÜ ½�ËlÍ!1�Ý{© Þ Ü Ý{© ¨�Ü2ß>ß ©(« �^�¬Õµè�è Ø «
è�� ×n× « r M�o k¹Æ��y�¹Æ��)è�Ö���è��n�)è Û á¬�yÆ ×)ç � × �

ä|l�M «hå\��«hã��_P�« Ø �¹«-� v{o «¬ó/��«håcP�« Ø ��«^Pqpqr å v�uÂU�v Ã «º»�� Ø �¿Õ}Æ�ÖnÖ çnØ � Ù¿� v XÚþPbRTN o N vÅv p o(mnuzl �ÕÜJÍ!1�Ý{©
�êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©Ãí2´ ß8Ü ¿{©(«���Â�«EÆ ë à���Æ × à!�

ä|l�s]Ä P l�s N�« Û ��PqpyrIã x � uzvVU(o p m «&å\��Õµè����n� Ø � ñ pON v{s�l�x N oWM p M�° R u]l�U\U [ U P uwv R¸X o N��âN+� v RS[ o p vVU¹â
[ v�s]M�® R k:o N v [q� l R v¢ì§M Pqpyr l�s Ã k o�u [ U(o(x{l N o\M pbR °�Mns/x � v�uzo�x�l�U*uzo&�yo p m � �êï ¿ ß Í¯Ü�³ ï ´ Ü2ß ©Yº�ò2¶>© ¨¬Ü2ß>ß ©(«
�yî�î§«^è × Æ2�yènà × �

ä¢v#U(ì§M P s p v «EÙ$�çPypqr å v#U�u/ì§v�s�mnv�s «E�/�=Õ�Æ�ÖnÖ s)Ø �5� o p v RTN s P x N-P s�v%M�° N�� v × Æ�� âªk:u r o R x#M p_N o p_P o N Ã � � ©
�ZÜ ½�ËlÍ!1�Ý{©EÞ Ü Ý{©(«¬�:¥���«�Æ��n��ÖyÆ2��Æ���Æ��)è��

äÇMoMnstv «�Ô � ­ �¹«Íã x �_P ì�v{s N�« Û ��«ÌPqpqr Ù l�x�k_U(v Ã «ÍÄº�&Õ�Æ�Ö�Ö s)Ø � Ù¿� s�v�v2â � o�uzv pbR o\M p l�U ã o�u P U¸l N oWM pbR M�°
Ä U P uwv2â á o N+� M R][q� v�s�v&ñ pON v{s+l¯x N o\M p l NnN+� v å l X l�o�o¸l p|ã�X v#U\U ��º�ò2¶ Ü ´Ãò Ü «^�§îq��«EÆ��n� s ��Æ��yÆnÆ��

äÇMns�m)l p�«qÔ � Ø ��Õ�Æ�Ö)��Æ Ø �6, M p ®nv�x N o\M p;Ä U P uzv R o p4N+� v á M X v{s"ä-l pON U�v � ¤$ï�ß ú�¿ Ü «Ã�^��¥E« × è�� ×)ë �
äÇMns]M ¾ M�® « ñ � ­ �bPqpyr|�µP v{k�v�s «�·Ú� Û �EÕæè��n� ënØ ��ã o(m p l�U¹â N M¯â p Mno R vÍs+l N oWM R M¯° N v#U�v R v�o R uzo�x"s�v�x{v�o�®nv�s¿° Pqp x2â
N o\M pbR l pqr v Ò v�x N o¹®nv p v RSR M¯° RSN l�x�k:o p m[°�Mns N+� v{o(szv pq� l p x{v�uzv pON�� � © �ZÜ ½�ËlÍ!1�Ý{©ZÞ Ü Ý{©(«Z�!¥��¬Õ ­ è Ø «
è�Æ�� ç « r M�o k¹Æ��y�¹Æ��)è�Ö���è��n�yÆ Øn­ �n�yÆ ç Önè��

ä P s+l�k�l�uwo « ä �¹«^å o(sSM R v «^·Ú��«�órP s�o(u%M N M «qå\��« LZl�k�l R�� o�u]l «�ã§�¹«lPqpqr¢Ù l¯k¯l�° P ¼to « L �¬Õµè¯�n�)è Ø �hÔ l N v{s¿o p
¡6l�s N���£ RRá M X v�s&ä|l pON U(v �aº�ò2¶ Ü ´Ãò Ü «��^�^��«EÆ sZs à��^Æ sZs ���
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ä P s [q� Ã «6�*� ¡ ��« LZv P ì�v{s�m « Ø �¬Ô �¹«çPqpqr Ønl�x#M�ì «   �EÔ � ­ ��Õ}Æ�ÖnÖ)� Ø �   U N v{s p l N o¹®nv RÅN M|xVMns�v¦â8uzl pON U�v
ì§M Pqpqr l�s Ã N M [ Mnmns+l [q� Ã ��ÜJÍ!1�Ý{© �êï ¿ ß Í4Ü*³ ï ´ Ü2ß ©Eí2´ ß8Ü ¿�©(«E�:¥��E« ë¯× Ö�� ënç¯× �

L"l�k�l�k P k:o «êÙ$��«*órP v p�«Í�/�   �¹«aPqpqrfå M pyr l «Íã§�$Õ�Æ�ÖnÖn� Ø �aÙ¿� vNo pON v�s+l�x N o\M p M�° [ U P uzv RQX o N+� N�� v
N s+l pbR o N oWM p4¾ M p v Pqpqr v�sÍx#M pON o p v pON]R l pyr M!x{v{l pbR{� �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©ßº�ò2¶>© ¨¬Ü2ßæß ©(«¬�)�§ÂE« ë ��Ö�� ë Ö�Æn�

LZo P�«�����Pypqr · l X l�k�l N]R]P�«yå��ÃÕ�Æ�ÖnÖn� Ø �¬� v [!N+� ®¯l�sto¸l N oWM p M�° N�� v"uwo r â8uzl pON U(v R v{o R uwo(x r o R x#M pON o p_P o N Ã �
�ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{© ¨¬Ü2ßæß ©(«��q��« × è�Ö�� ×)ë è��

LcMns N M pÃ« ñ � q ��Õ�Æ�Ö�Ö)à Ø �&Ä U(l N v�uÂM N oWM pbR o p&N+� v)LcMns N+� Ä l�x{o�m�x k§Ù¿� v ×)ë ä|l p M p v2®nv pON{�N� Ü ò ß ½�´�¶µò�Ý2«
�)�ºÕµà Ø «�Æ�� s ����Æ��nÖ × �

q �_N l p o « ¡ �¹«6Ù M�u]l « ä ��«�á o N l R M�® «6·Ú��«6·HP ì§M «6Ù$��«JPqpyr ãoPq¾VP k:o «   �RÕæè��n�yÆ Ø � ã�N l�ìyoWU(o N Ã M¯° r v pbR v
� Ã r s]M PbR uzl�m p v R o P u R oWU�o(x�l N v [q� l R v R l pyrpX l N v{s RSN M�s+l�mnv$x{l [ l�x�o N Ã o p4N+� v N s�l pbR o N o\M p4¾ M p v\l pqr
U\M X v{sÍuzl pON U�v �ÌÜJÍ!1�Ý{© �¿ï ¿ ß Í4Ü�³ ï ´ Ü2ß ©�í¦´ ß}Ü ¿�©(«¬�!�q�¬«�Æ��)à��^ÆnÆ����

q&k P ìÓM «�Ä�� Û �¹« ­*v pq¾¯«�å�� ä �¹«§Pypqr ,*� M P v N{« ­ �   �ºÕ�Æ�Ö�Ö)� Ø � ñ8uzl�mno p m N+� v\x{s PbRSN l�U¬u]l�m�u]l R M P s�x�v R
ì�v p v{l N+� ä-l Pyp l á M)l�l pyr-· oWU(l P v{l�®ZMZU�x�l p M�v R{«^å l X l�o(o � �ZÜ ½�³W½ ù 1�«����¬Õ}Æ�� Ø « snç ��� s ���y�

q X v pbR{«�Ù$� Ø �oPqpqr3� l pqroN�« Û �EÕ}Æ�Ö s à Ø ��Ù¿� v$s�v R][ M pbR vHM¯° N�� v$x#M p_N o p v pON l�U§x{s P!RSN âªu]l p_N U(v&ì§M Pqpyr l�s Ã
Mnì R v{s�®nv r l p ìqs]Mnl r ì�l pyrÇN v#U(v R v�o R uwo(x"s�v{x�v{o¹®nv{sÍ° Pqp x N o\M pbR{� �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{© ¨¬Ü2ßæß ©(«��!�E«����)à��y�¯� s �

q X v pbR{«êÙ$� Ø �¹«�� l pqr!N�« Û ��«JPqpqr Ù l Ã UWMns «�ã§�*»��ZÕ�Æ�Ö s�×:Ø � ã v{o R uzo�x v�®!o r v p x{v|°�Mns]l p l p x�o(v pON s�o¹° N
ì�v p v{l N+�)N�� v ,�P u/ì�v{sSU¸l pqr/Ä U(l N v{l P�«¯Ù v pqp v R]R v{v k   r v N l�o\U(v r l p l�U Ã R o R M�°�ìqs]M)l r ì�l pqrfN v#U�v R v�o R uzo�x
ÄÆX l�®nv2°�Mns�u R{� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«^�^��«��n� s�ë �y�n��Önà��

Ä l�®�U(v p k�M�®¯l « L � ñ �§Õ}Æ�ÖnÖ ç)Ø � Û�v p v{s�l�U�°±v�l N]P s�v R M�° N+� v Pb[b[ v{s�u%M RTN uzl pON U�v RTN s+l N o\mqx�l N oWM p °±s]Mnu©U\M p m¯â
s�l p mnv R v{o R uzo�x [ s]M`mlU(v R{�Ú� Ü ò ß ½�´�½�ËlÍ!1�Ý2¶µò�Ý2«y�^Âq��«�è ç Æ2�yèn� s �

Ä=� o pqp v Ã «�»��   �§Õ�Æ�Ö ç�×:Ø ��ã�N s P x N]P s�vcM�° N�� vZ¡�l¯s N+�Ã£ R x{s PbRSN °±s]Mnu RS[ v�x N s+l�U�ì§v � l�®!oWM P sJM�°·UWM p m�â [ v{s�o\M r
ì§M r Ã X l�®�v R{� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«^Â^��«�è�ÖnÖn��� ë �yÆ����

Ä o(v N s PbRt¾ k�l «   � Ø �ZPqpqr Û\l¯s�x{o(l « ä � q �^Õ�Æ�Ö�ÖnÖ Ø �^Ù¿� v R o ¾ vRl pyr%Rt� l [ vYM�° · o\U¸l P v{l � MZU�x�l p M £ R1RSP uzuwo N
uzl�mnuzl RSN Mns+l¯mnv�s�v R v{s�®ZMno�s k lÚmnv#M!x � v�uzo�x�l�U [ s]Mnì�v � �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«¬�!ÂÃî§« ë Æ�Æ2� ë è����

Ä UWMnuwv{sSM�®�7l « Ø ��«y· M P ì�l «y�/��«oPqpqr ­êl�ì P+8R k�l «����EÕæè��n�)è Ø � ä|l [b[ o p m N+� vHU�o N�� M R][y� v{stv2â}l RSN+� v p M RS[q� v�s�v
ì§M Pqpqr l�s Ã N�� s]M P m � x � l p mnv R o p�RSP st°>l�x�v2â X l�®nv&l p o R M N sSM [ Ã � �êï ¿ ß Í�Ü�³ ï ´ Ü2ß ©�º�ò2¶>© ¨¬Ü2ß>ß ©(«��^�^�E«^Æ���à��
Æ s à��

Ä s�o(v RSN U(v Ã «�·Ú�/�*��Pqpqr/Ù o\U(uzl pqp�«'����Ù$�qÕ�Æ�Ö�ÖnÖ Ø ��ã�� v�l�s}â X l�®�v RSN s P x N-P stv�M�° N�� v�U�o N+� M R][q� v{s�v�l�ì§M�®nv N�� v
å l X l�o�o¸l p�� M N+RS[ M N °±s]M�u N�X M¯â RSN l N oWM pÚ» l Ã U(v�o(m ��X l�®�v [q� l R v*®nvVUWM!x{o N Ã uwv�l RSP s�v�uzv pON-R{� �ZÜ ½�ËlÍ!1�Ý{©
Þ Ü Ý{© ¨¬Ü2ß>ß ©(«§�^Â�«�Æ × Ö ë ��Æ × Ö ç �
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» v�®�v p l P m ��« Ø �bPypqr Ø�M�s r l pÃ«qÙ$��å��EÕ�Æ�ÖnÖ�Æ Ø � ä-l pON U�v á l Ã v{s�o p m � s]Mnu ã x ã » v�®nv�s�ì�v{s�l N o\M pbR ë �qÙ¿� v
ýc[b[ v{sZä-l p_N U(v � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«^�^Â�«EÆ�Ö)� s Æ¦��Æ�Ö s Æ��y�

» v�®�v p l P m ��« Ø �§Pqpqr�ã o [ k:o pÃ«�ã§�   �hÕ�Æ�Ö�Ö ×:Ø � ä-l pON U(v r o R xVM pON o p_P o N Ã RSN s P x N]P s�v�ì§v p v�l N���,*� o p l � � ©
�ZÜ ½�ËlÍ!1�Ý{©EÞ Ü Ý{©(«��^��«^è�Æ�ÖyÆnÆ2�yè!Æ�Ö)èn���

»Í� M r v R�« ä �çPqpqrG� l�®!o(v R�« Ø �Eå\��Õµè��n��Æ Ø �/Ù Mnu%Mnmns�l [q� o�x�o(uzl�mno p mQM�°�u P U N o [ U(v�u]l p_N U(v [ U P uwv R o p
N+� v Pb[![ v�s�u%M RSN U\M X v{sÍuzl pON U�v � �ZÜ ½�ËlÍ!1�Ý{© � ©Eí2´ ß ©(«E�)�Eî§« sZs ��Ö)è��

» o(ì�v « L � ä �çPypqrG,*� s�o RSN v pbR v p�«�ý��¬»��6Õ�Æ�ÖnÖnÖ Ø ��Ù¿� v r Ã p l�uwo(x{l�U+Mnsto(mno p M�° å l X l�o(o(l p ®ZMZU�x�l p o R u �
�êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©Dº�ò2¶>© ¨�Ü2ß>ß ©(«¬�qîÃ��«�à�Æ����yà ë Æn�

» o p m X M�M r�«   � ¡ �=Õ�Æ�Ö)��à Ø � 0 ½�¼�Ël½�Ý2¶ ß ¶¾½�´ ï ´�öpÜ Ü2ß ¿-½�³W½ ù 1¸½�á ß Í Ü/�êï ¿ ß Í:9 Ý)¹ ï ´ ß ³ Ü � ä¢x�Û$s+l X â å oWUWU «
LZv Xfó Mnstk �

» o p m X M�M r�«   � ¡ ��Õ}Æ�Ö)��Ö Ø �<;a¿¦¶ ù ¶À´Õ½�á ß Í Ü$�êï ¿ ß Í ï ´�ö�¹'½�½�´���ão[ s�o p mnv�s � v{s]U(l�m « LZv Xfó Mns�k �
» o p m X M�M r�«   � ¡ �*Õ�Æ�Ö�Ö ×:Ø �-» M�U(v%M�° N+� v N s+l pbR o N oWM pG¾ M p v4l pyr çnç � k:u r o R x#M pON o p_P o N Ã o p u]l p_N U(v
r Ã p l�uwo(x R{��ÜJÍ!1�Ý{© �êï ¿ ß Í4Ü*³ ï ´ Ü2ß ©�í¦´ ß}Ü ¿�©(«��^Â�«^à��yè × �

» o N]R v�u]l « Ø �·Pqpqr   U\U(v p�«�»�� ä ��Õæè��n� ë)Ø ��Ù¿� v�vVU PbR o�®nvÚuzl pON U�v [ U P uzv � �êï ¿ ß Í>Ü�³ ï ´ Ü2ß ©rº�ò2¶>© ¨¬Ü2ß>ß ©(«
��¥�î§«�Æ¦��Æ�è��

» M RTN�«Eã��=Õµè¯�n�n� Ø �\ÿ Ý ß úyö�1¸½�á ß Í Ü��êï ¿ ß Í:9 Ý/ú�ËOË Ü ¿f¼ ï ´ ß ³ Ü ö�¶(Ý�ò�½�´ ß ¶À´�ú!¶ ß ¶ Ü Ý�¶À´ ß Í Ü Ü ï ò2¶ 2êò�ú:Ý2¶À´ ù|ï
Ý�Íl½�¿ ß ÷WË Ü ¿¦¶¾½{ö ï ¿6¿ ï 1¯�6� o R]R v{s N l N o\M p�« Û�vVMns�m¯â   P m PbRSN â ýZp o�®nv�s R o N�þl NÍ¾#P Û þM NSN o p mnv pÃ�

» M RTN�«^ã§�oPqpqr Ô v�ì§v�s « ä �¬Õµè����yÆ Ø �   s�v���v{x N MnsÍl NZè��n� k:u r v [!N+� ì�v p v{l N+�4N�� v p Mns N+�OX v RSN"Ä l�x{o�m�x �
�ZÜ ½�ËlÍ!1�Ý{© � ©Eí¦´ ß ©(«��:��î§«EÆ�è���è s �

» M RTN�«�ã§�+PypqrjÔ v{ì�v{s « ä �RÕµè����)è Ø � Ù¿� v Pb[b[ v{s�u]l p_N U(v N s+l pbR o N oWM pb¾ M p v r o R x#M pON o p_P o N o(v R o pÈN+� v
Ä l�x�o\m�x�l RRr v N v�s�uwo p v r ì Ã R�� Mns N â [ v�s�oWM r l�sts+l Ã r l N l � �êï ¿ ß ÍQÜ�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«���¥���« ë�× ��� ë�ç Æn�

»YPbRSR v#U «�ã§�   �¹«qá l Ã «�Ù$��«oPqpqr Û�l�s p v{s]M « ¡ � Ø �EÕ�Æ�ÖnÖ s)Ø ��ã v{o R uzo�xZv2®!o r v p x{v"°�M�s R uzl�U\U¹â R x�l�U�v r Ã p l�uwo(x R
o pQN�� vÅUWM X v�s�u%M RSN uzl pON U�v$l NnN+� v\sSMoM N M�° N�� v � l X l¯o(o¸l p¢� M N-RS[ M N{� ¤�ï�ß ú�¿ Ü «�ã v{o N v p-ènànà���ènà s �

ã l pqr ®�MZU « ¡ ��«*ã v�ì§v�s «��/��« ­êl¯s+l ¾ l p mno « ä ��«:� v�s p M pÃ«��*�¹« ä|v#U\UWMns R{«6»���«JPqpyr   U â   uzsto «   �"Õ}Æ�ÖnÖ snØ �
á o N+� M R][q� v{s�o�x R v{o R uwo(x/®�v#UWM!x{o N Ã r o R x#M p_N o p_P o N o(v R ì§v p v�l N��ÕN�� v   s+l�ìyo¸l pGã�� o�v#U r�� �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©
¨¬Ü2ßæß ©(«��^�E«�è s � ë �yè s � ç �

ã l P U « Ø �*Õµè¯�n� ë)Ø � à¬´ ß}Ü ¿+Ý2ú�ò�Í!ú�´ ù ö Ü ¿/Ý Ü ¶(Ý�¼Ú¶(Ý�ò�Í Ü ´hº ß ¿¦úOÞ ß ú�¿]û�½�´=� Ü ´ ß ¿ ï ³ø÷��¬¶>õ Ü2ß ú!´�ö í2´�ö�¶ Ü ´È¼Ú¶ ß
ß}Ü ³ Ü Ý Ü ¶(Ý�¼Ú¶(Ý�ò�Í Ü ´ 3 ¿ Ü ¶ ß õ ï ´�ö�¿ Üµù ¶(Ý ß ¿¦¶ Ü ¿2ú!´ ù!Ü ´��h� o R]R v{s N l N o\M p�«,� stv{o(v ýZp o¹®nv{s R o N þl N ­*v�s]U(o p��

ã l�®¯l�m�v « ä �^·Ú��Õ�Æ�ÖnÖ s)Ø ��á M X v{sÍx{s PbRSN l�U¬l p o R M N s]M [y� Ã Mns r o [b[ o p mÚìÓM Pqpqr l�sto(v R � ¡ Ò v{x N-R M p s�v�x{v{o¹®nv�s
° Pqp x N oWM pbR l pqr x�l R v RSN-Pyr Ã o p LZv X>� v{l�U¸l pyr�� � © �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{©(«¬�:¥��¬Õ ­ � Ø «�Æ�à�� ç Ö���Æ�à¯� s ���
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ã v{o r U(v�s « ¡ �¹« Ønl�xVMnì Ã «hÔ �=»��¹«?Pqpqrj, l�® R l�k «�å��êÕ�Æ�Ö�ÖnÖ Ø ��å M N-RS[ M N�r o RSN s�o�ì P!N o\M p�« mns+l�®!o N Ã « uzl pON U�v
N MnuÂM�mns+l [y� Ã k v2®!o r v p x{v�°�Mns [ U P uzv R{� � © �ZÜ ½{ö�1�´�©(«^�§îÃ«�à s à�� ç � s �

ã�� v{l�s�v�s «EÄ�� ä �hÕ�Æ�Ö�Ö ç)Ø �ZÙ s�l pbR o N o\M p-¾ M p v�®�v#U\M�x�o N Ã mns+l r o(v p_N]R l pyr¸N+� v à�è�� â8k:u r o R x#M p_N o p_P o N Ã � � ©
�ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«E�:¥���« ë �nà ë � ë � çnç �

ã�� v{l�s�v�s «qÄ�� ä �oPqpyr?� U¸l p l�m)l pÃ« ä �yÄ���Õ}Æ�ÖnÖnÖ Ø �¬ã v�o R uzo�x � v#UWM!x{o N Ã l pqrÅ� v pbR o N Ã Ø P u [bR   x{s]M R]R�N�� v
× Æ�� â�l pqr çnç � â · oWU\Mnuzv N v�s � o R x#M p_N o p_P o N o(v R{��º�ò2¶ Ü ´Ãò Ü «q�^����«EÆ�à × à���Æ�à ×Os �

ã�� v p�«�óÚ�¹«6ã MZU\Mnu%M p�«ºã§�¹« ­¬¼�l�s p l R M p�« ñ �hÙ$�¹«+PqpqrbÔ MZU�°±v «h,"� Ø �ÍÕ�Æ�Ö�Ö s)Ø �Gã v�o R uzo�x]v�®!o r v p x�v4°�MnsÚl
U\M X v{s}â8uzl pON U�vµMns�o�mno p M�° N�� v�ñ8x{v#U(l pqrp[ U P uzv � ¤�ï�ß ú�¿ Ü «��^�^��« ç è�� ç à��

ã�� v p�«qóÚ�¹«yÔ M�U�°±v «�,"� Ø ��«bPypqr;ã MZUWMnu%M p�«qã§�^,"��Õæè��n� ë)Ø �6ã v�o R u%MZU\Mnmno(x{l�U^v�®!o r v p x�v\°�MnsÍlÚuwo r âªu]l p_N U(v
r o R xVM pON o p_P o N Ã ì�v p v{l N+�-å l X l�o(oEl pqr ñ8x�v#U(l pqr�� �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«��E�)��«EÆ ×)ë ��Æ�à!Æn�

ã�� v�s�o Òº«6»�� ¡ �1Pqpyr Û$v#U r l�s N{«=á=��Ä��RÕ�Æ�Ö�Ö)à Ø � �A@ Ë�³W½�¿ ï�ß ¶¾½�´¬º Ü ¶(Ý�¼e½�³W½ ù 1��j, l�u/ìqsto r m�v ýZp o¹®nv{s R o N Ã
Ä s�v R]R�«�Ù¿� v Ä o NSN ­ P o\U r o p m «!Ù s P u [ o p m N M p¢ã�N s�v{v N�«§, l�u/ìys�o r mnv , ­ èÅÆ�»RÄº«�è v r o N o\M p��

ã o(uwu%M pbR{« L �   �çPypqr Û P s�sSMZU¸l «�å���Õæè��n�n� Ø � ä P U N o [ U(v R v{o R uzo�x r o R x#M pON o p_P o N o(v R$p v�l�s N�� vzìql R v�M�°
N�� v N s+l pbR o N oWM p4¾ M p v�o ppN�� v\¡6l�s N���£ R uzl pON U�v � ¤$ï�ß ú�¿ Ü «^�§¥���«�ànà�Ö��yà ç è��

ã MZU � v{o�u «yá6�qÄº�lPqpqr|Ä vVU N o(v{s «yÔ �^»��¬Õ�Æ�Ö�Ö ×:Ø �hÄ6� l R v\ìÓM Pqpqr l�s Ã r v���v{x N oWM pbR l N çnç � âªk:u r v [oN+� l pqr
v [ o R M r o�x�l�U\U Ã U¸l Ã v{s�v r o R M!x � v{uwo(x{l�U�xVM p ®nv{x N o\M p o p N�� v�u]l p_N U(v � � © �ZÜ ½�ËlÍ!1�Ý{©6Þ Ü Ý{©(«¬�^��«=Æ�à snç Æ2�
Æ�à s �nà��

ã�N l¯x{v Ã «B�*�¬�/�6Õ�Æ�ÖnÖ)è Ø �eÜrÍ!1�Ý2¶µò�Ý4½�á ß Í ÜÚ�êï ¿ ß Í!� ñ�ñ�ñ � ­*s]M�MnkOm�v#U r Ä stv R]R�«�Äº� qB­�M�� � ëZs «�· v p u%Mns�v «
. P v�v pbR U¸l pqr × � ç Öy«   P!RSN s�l�U(o(l �

ã�N l¯uzu%U(v�s «^·Ú�ºÕ�Æ�ÖnÖ ë)Ø �Íã v{o R uzo�x å l pqr U�v{sêâ [ s]Mnm�s+l�uwu]l¯ìbU(v$u P U N o�x � l pqp v#U r l N l � l pqr U(v�sR°�M�sZo p_N v{s}â
l�x N o¹®nv\l pqr l P!N Mnuzl N o�x [ s]M!x{v R]R o p m%M�° R v{o R u%MZUWM�mno(x{l�UÃl p l�U Ã R o R{� 0 ½�¼�ËÃ© �ZÜ ½�Ý�ò2¶À«E�!�E«ÃÆ ë à���Æ × �y�

ã�N l¯uzu%U(v�s «^·Ú��«�· o pyr�«�»\�¹«�Ä v N v{s R v pÃ« L �¹«�· M R l�stv�® « Û ��«,� o pqp o�k «^á6�§Äº�¹«gPqpqr á o P�« . �ºÕ}Æ�ÖnÖ)è Ø �¿Ù¿� v
Pb[![ v�sêu]l p_N U(v r o R x#M pON o p_P o N o(v R#k x#Mnsts�vVU¸l N v r Mns*l pON o�x#Mnsts�v#U(l N v r � �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{© ¨¬Ü2ß>ß ©(«Ã�!�E«�Æ�à ç�ë �
Æ�à çnç �

ã�N v�o p ì�v{s�m�v{s « ­ �ºÕæè��n�n� Ø �*Ä U P uzv R o p lwxVM p ®nv{x N o p m]uzl pON U�v k ädM r v#U R l pqr M�ì R v�st®¯l N o\M pbR °�MnsÍo pyr o�®!o¹â
rbP l�U � M N]R][ M N-R�� � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«E�:¥���Õ ­ à Ø «EÆnÆnÆ�èn����ÆnÆnÆ�à�è��

ã�N v�o p ì�v{s�m�v{s « ­ ��Pypqr q £ , M pqp v#U «n»�� Ø �yÕ�Æ�ÖnÖ s)Ø �   r ®nv{x N o\M p M�° [ U P uzv R o p uzl pON U(vC�lM XÅk o�u [ U�o(x{l N o\M pbR
°�Mns � M N-RS[ M N u%M N oWM p�« u]l p_N U(v&®!o R x#M R o N Ã l pqrp[ U P uwv r o RSN sto(ì PoN oWM p�� �ZÜ ½�ËlÍ!1�Ý{© � ©Eí2´ ß ©(«E�!����« × Æ�è��
×)ë¯× �

ã�N o&��s Pqr v «:á=�^Õ�Æ�Ö�Ö)� Ø �§ã�N s P x N-P stvRl pqr%R�� l�s [qp v R]R M�° [y� l R v N s+l pbR o N oWM pbR l pqr u]l pON U(v r o R xVM pON o p_P o N o�v R{�
� © �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{©(«¬�!¥���«�Æ ×Zsnë à���Æ ×Os ànè��
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ã_N MZU\U « Ø � ­ �DPqpqrbá v2®nv pÃ« ä �*Õµè���� ë)Ø � ñ RÑN+� v å M N-R][ M N�» v2°±v{stv p x�v � s+l�uwvÂq$ì R MZU�v N v � ñ pqr o�x�l N oWM pbR
°±s]Mnu ä|l�m p v N o(x�­�Mnstv � M�U(v á M�mnmno p m%M p;� v N s]Mno N"ã v�l�u%M PqpON{�   ì N s+l�x N â}­*l pqr;r v R Û$v{uwv{o pbR l�uwv p
ã x �OX v�s [bPyp k N k�M�UWUWM�Ä P o P u�ñTq �$Ä âªñ ,ê�$Äº�

Ù l�m)l¯uzo «�Ù$��« LZo Rt� o(uwo N]R]P�«yó/��«§Pqpqr ã�� v{sts]M r�«§�/�Ã»��hÕæè��n� ënØ �R» v8¼ P ®nv p l N v r â RSN l¯mnv�®ZM�U(x�l p o R u l�° N v{s
�y� ç â8u � Ã � Ä P o�v R x{v p x{vGl NÅÔ v RSN ä|l P o"®�MZU(x{l p M «¿å l X l�o�o k�p v X v�®!o r v p x�vN°±sSMnu · â   s4l¯mnv R l pyr
x � v{uwo RTN s Ã M�° á l � l�o p l � MZU(x{l p o(x R{� � ©$Á§½�³(ò ï ´�½�³¹© �ZÜ ½ ß Í Ü ¿6¼w©�Þ Ü Ý{©(«E�!�^¥E«�è��n���yè�Æ × �

Ù l�s rbPqp M « Ø �   ��Pqpqr�, M NSN s�vVUWU «{»����/�)Õ}Æ�ÖnÖ)� Ø �nÄ l�U(vVMnu]l¯m p v N o(xhv2®!o r v p x{v=°�MnsEu%M N o\M p M�° N+� v å l X l�o�o¸l p
� M N]R][ M NRrbP s�o p mÚ°�Mns�uzl N oWM p M�° N+� v�¡=u [ v�s]Mns R v{l�u%M PqpON-R�� �êï ¿ ß ÍpÜ�³ ï ´ Ü2ß ©^º�ò2¶>© ¨�Ü2ß>ß ©(«¬���^��«¬Æ���Æ2�
Æ s �y�

Ù l�s rbPqp M « Ø �   ��«^�µPqp x�l p�«�»��   �¹«�ã x � MZU\U «��/�qÔ �¹«§, M N]N s�vVUWU «y»\�^�/�¹«�ã�N v{o p ì�v{stmnv{s « ­ ��«�Ù¿� M�st®¯l�U r!P s «
Ù$��«�· v{sts « ­ �y,"��« LZv{l�U «�,"��»\�¹«�� stv Ã «��*�   ��«!Ù M�s�o(o « ä �¹«oPqpyr , l�st®¯l�U\UWM «),"��Õæè��n� ë)Ø �EÙ¿� v&¡=u [ v�s]Mns
ã v�l¯uÂM Pyp_N]R#k�ã M P!N��OX l�s r ädM N oWM p M�° N�� v å l X l�o�o¸l p�å M N]R][ M N�Ä U P uwv�o p ¡6l�s N���£ R ä-l pON U(v �gº�ò2¶ Ü ´Ãò Ü «
��¥���«�Æ�� ç�× ��Æ�� ç Öy�

Ù v#U¹°�Mns rÃ«§Ô � ä �¹« Û$v#U r l�s N{«�á=�EÄ���«·PypqrGã�� v{sto Òº«�»�� ¡ �6Õ�Æ�ÖnÖn� Ø ��ÿ�ËOË�³ø¶ Ü ö �ZÜ ½�ËlÍ!1�Ý2¶µò�Ý2��, l�u/ìqsto r mnv
ýZp o¹®nv�s R o N Ã Ä s�v R]R{�

Ù¿� o(s]M N�«��*� Ø ��« ädM pON l�m p v�s « Ø �!Ä���«�PqpqrD� o pqp o�k «:á6�ÃÕ�Æ�ÖnÖ s)Ø �Eýc[b[ v{s}â8uzl pON U�v R v{o R uzo�x r o R xVM pON o p�P o N o�v R
o p l R]P ì rbP x N oWM p ¾ M p v Õ ¼�l [ l p Ø o p ®nv RSN o(m)l N v r °±sSMnu ÄÖN M ã x#M p ®nv�s N v r�X l�®nv R{�©ÜJÍ!1�Ý{© �¿ï ¿ ß Í
Ü�³ ï ´ Ü2ß ©�í¦´ ß}Ü ¿�©(«E�:¥���« ç Æ2� s �y�

Ù¿� Ã ì§M «6å��1PqpyrjÄ v{stx ��P 7x « ¡ �¿Õ�Æ�ÖnÖn� Ø �GÙ¿� v ã v{o R uwo(x s É � o R x#M p_N o p_P o N Ã l pyr Ä l�s N o¸l`U¿ä|vVU N o p m;o p
, M pON o p v pON l`U�ä-l pON U�v �aº�ò2¶ Ü ´Ãò Ü «^�§îq��«�Æ ç è ç ��Æ ç è�Ö��

Ù o\U(uzl pqp�«E��� Ø �¹« ­�v pq¾¯«hå�� ä �¹«�Ä sto(v RTN U�v Ã «º·Ú�A����«DPqpqr q&k P ì§M «ºÄº� Û ��Õµè¯�n�yÆ Ø �|Ä â X l�®nvÅ®�v#U\M�x�o N Ã
RSN s P x N-P stvcM�° N+� v Pb[b[ v{stuÂM RSN u]l p_N U(v¿ì�v p v{l N+�]å l X l�o(oq°±sSMnu N s�l�®nv#U N o�uzv N MnuÂM�mns+l [y� Ã � �ZÜ ½�ËlÍ!1�Ý{©
� ©Eí2´ ß ©(«E�)�ÃÂ�«�à�Ö × � ç � ç �

� l¯x � v{s «hÄº�¹« äÇM�xVÄ P v N�«   �¹«?Pqpqr ã M N o p�«º,"�¿Õ�Æ�ÖnÖ s)Ø � , Mnu [bP!N l N o\M p M�° R v{o R uwo(x [ s]M�mbU(v R °±s]Mnu uwo¹â
p v{s�l�U [y� Ã R o(x RVk¿Ù¿� v o(u [ Mns N l p x{vÇM�° p M p â�MZU�o�®!o p v¢x#M�u [ M p v p_N]R °�MnsÅv!� [ U¸l p o p m N�� v çnç �Gr v [!N��
r o R x#M pON o p_P o N Ã ��ÜJÍ!1�Ý{© �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©�í2´ ß8Ü ¿�©(«E�:¥�ÂE«�è��nà��yè�Ö s �

� l`U(ìqs�l�x �ON�«^Äº� Ø �¹«�ã�N l Pqr o(m�v#U «qå��¹«§å M pqr l « ä ��« ä|x � M P m)l`UWU « ñ ��«lPqpyr;� l�®!o(v R�« Û �^»��ºÕ�Æ�Ö�Ö ç)Ø � ñ R M N M¯â
[ o(x N s�l�x{o p meM�°=®�MZU(x{l p o�x R M P s�x�v/s�v�mnoWM p!R °±s]M�u å l X l�o�o k�r v{xVM Pb[ U�o p mÂM�°6m)l R v#M P!R °±s]Mnu U(o N+� M [q� oWU�v
u]l¯mnu]l�x#Mnu [ M p v pON-R�� �¿ï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ß>ß ©(«¬�)�^�¬«EÆ s à��^Æ�Ö s �

®¯l pNr v�s å o\U RSN{«�»����/�·Pypqr�· 7l¯s+l R M p�«Eå\�6Õ�Æ�Ö�ÖnÖ Ø ��, Mnu [ M R o N oWM p l�U å v N v{sSMnmnv p v{o N Ã o p¸N+� v�­�M N]N Mnu
Æ��n�n�|· oWUWM�uzv N v{s R M�°R¡6l�s N���£ R ä-l pON U(v k�Ù M X l�s r l å Ã ìqsto rb, M p ®�v{x N oWM p ädM r v#U � º�ò2¶ Ü ´Ãò Ü «º�^����«
Æ sZs à���Æ sZsZs �
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� v{stm p v « Ø ��«�Ô o N]N U(o p mnv{s « Û �¹«-� l�sts+l «E�/�¹«?Pypqr ãoP�«�å��¿Õæè��n� ënØ � ¡h®!o r v p x{vÅ°�M�s Pb[b[ v{s/x�s PbRTN l�U*l p o â
R M N sSM [ Ã o p N�� v ã M p m [ l p â�Û�l pq¾ v Õ>p Mns N+� v{l RSN v{s pfÙ o�ì§v N Ø N v{s�s�l p v � �ZÜ ½�ËlÍ!1�Ý{©$Þ Ü Ý{© ¨¬Ü2ßæß ©(«Í��¥E«
Æ�à�ànè�«�r Mno k¹Æ��y�¹Æ��)è¯Ö��nè��n�nè Û á¬�yÆ çZs�× ���

� o pqp o(k «!á=�!Äº�§Õ�Æ�Ön�n� Ø ��� v N v�x N oWM p M�° X l�®nv R xVM p ®nv�s N v r °±s]Mnu ÄhN M ã�� o p�N+� vRuzl pON U(v �^ÜJÍ!1�Ý{© �êï ¿ ß Í
Ü�³ ï ´ Ü2ß ©Eí2´ ß8Ü ¿{©(«�����« ë Ö�� × à��

� o pqp o(k «§á=�§Ä���«�,*� v�®!sSM N�«�ã§��«§Pqpqr ädM pON l�m p v{s « Ø � â Äº��Õ�Æ�ÖnÖ)� Ø � ¡h®!o r v p x�v/°�Mns"l RSN l¯m p l pONµ[ U P uwv�o p
N�� v N s+l pbR o N oWM p4¾ M p v � �ZÜ ½�ËlÍ!1�Ý{©EÞ Ü Ý{© ¨¬Ü2ß>ß ©(«��q�¬«EÆ��n�n����Æ��yÆ��y�

� o pqp o(k «�á=�yÄ���«�· l N M « ä �¹«oPypqr · l X l�k�l N]R]P�«yå��ÃÕµè��n��Æ Ø ��ã v{l�s�x � °�M�s R v�o R uzo�x r o R xVM pON o p_P o N o�v R o peN�� v
U\M X v{sÍuzl pON U�v � �ZÜ ½�ËlÍ!1�Ý{© � ©�í2´ ß ©(«¬�)�Eî§« × Æ2�yà ç �

� o pqp o(k «ºá=�hÄº�¹« äÇM pON l�m p v{s « Ø �hÄº�¹« Û$o(s�l�s r o p�« L ��«�� s�o(x�k¯v{s « ñ �¹«?Pqpqrjã l P U « Ø �¿Õæè��n� ë)Ø � , Mnuwuwv pON
M pGF:ã�� v{l�s�â X l�®nv RS[ U(o N]N o p m N M N v RTN u]l p_N U(v r v�°�M�s�uzl N o\M p u%M r v#U R l�sSM Pqpqr å l X l�o�o F ì Ã · s�o RSN M Ò v�s
Ù$�¿Ô l�U(k¯v{s « Û þM N+¾�å\�Í»\� ­�Mnk¯v#U�u]l pyp�« l pqr ã o(u%M p á=�R· U�v{u [ v�s�v�s � � © �ZÜ ½�ËlÍ!1�Ý{©\Þ Ü Ý{©(«R��¥E«
Æ ç �nà�«�r Mno k¹Æ��y�¹Æ��)è¯Ö��nè��n�nè Û á¬�yÆ�àn�nà�Æn�

Ô l`U(k�v�s «�·Ú��Ù$��« ­�M�k�v#U�u]l pqp�« Û �^å���»���«lPqpyr-· U(v�u [ v{stv{s «�ã§�^á=��Õµè��n��Æ Ø �*ã�� v{l�s�â X l�®nv ão[ U�o N]N o p m N M
Ù v RSN ä-l pON U�v � v�°�Mnstu]l N oWM p ädM r v#U R l�sSM Pqpqr¢å l X l�o�o � � © �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{©(«�����« ×)ë Æ�Ö�� ×)ë ènè��

Ô l`U(k�v�s «¬·Ú�EÙ$�¹« ­�Mnk�vVU(uzl pqp�« Û �¬å\�E»\�¹«çPqpqrG· U(v�u [ v{stv{s «Eã§�¬á=��Õµè��n� ë)Ø �Ú» v [ U Ã N M F)ã�� v�l¯s�â X l�®nv
RS[ U(o N]N o p m N M N v RTN uzl pON U�v r v2°�Mns�uzl N o\M p u%M r v#U R l�s]M Pypqr¢å l X l¯o(o F ì Ã � o pqp o(k]v N l�U � � © �ZÜ ½�ËlÍ!1�Ý{©
Þ Ü Ý{©(«^��¥E«EÆ ç � ç « r M�o k¹Æ��y�¹Æ��)è�Ö���è��n�)è Û á¬�yÆ ç �!Æ�è��

Ô l p m «=ã��?PqpqrbÔ l p m «�»\�*Õµè¯�n�yÆ Ø ��,�P s�stv pON�[ U¸l N vz®�v#U\M�x�o N o�v R s�v#U(l N o¹® N M � M N-R][ M N]R#k o�u [ U�o(x{l N o\M pbR
°�Mns � M N-RS[ M N u%M N oWM p�« uzl pON U(vZ®�o R xVM R o N Ã l pqr mZU\Mnì�l�U§s�v�°±v�s�v p x{v�°±s+l�uwv � �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©Dº�ò2¶>© ¨¬Ü2ßæß ©(«
�!�^��«EÆ ënë ��Æ × �y�

Ô l p m «
����«�· o N x � v pÃ« L � ¡ �¹«ÌPypqr ¡=oWU�v{s « Ø � ä �"Õµè¯�n� ë)Ø � q)� Ã mnv p o R M N M [ v¢mnv#M!x � v�uzo RSN s Ã M�° N�� v
R v{x#M pqr;å"ãy�$Ä x#M�s�v � �ZÜ ½�ò�Í Ü ¼w© �ZÜ ½�ËlÍ!1�Ý{© �ZÜ ½�Ý21�Ý ß ©(«��ºÕ s)Ø « s ��Æ�è�«�r Mno k�Æ�����Æ��nè�Ö��nè����)è Û ,ê�n�n� × � ç �

Ô l N-R M p�«Rã§�nPqpqr ä|x · v pq¾ o(v «R�/�&Õ�Æ�ÖnÖ�Æ Ø � ä¢v#U N m�v p v�s+l N oWM p o p [ U P uwv RVk l RSN-Pyr Ã M�° å l X l�o(o(l p
®�MZU(x{l p o R u � � ©ßÜ Ü2ß ¿-½�³¹©(«�����«^à¯�yÆ2�yà ë ���

Ô v�v{s�l�s+l N�p v «��/�_Pqpqr ä-l p m)l « ä �ÃÕ}Æ�ÖnÖ snØ ��Ù s+l p!R o N oWM p!R o p%N�� v RSN Ã U(vcM�°�uzl pON U�vRxVM p ®nv�x N o\M p l N�� o�m �
» l Ã U�v{o�m �4p_P u/ì�v{s R�� �êï ¿ ß Í4Ü*³ ï ´ Ü2ß ©ßº�ò2¶>© ¨¬Ü2ß>ß ©(«¬�!Â�¥E«^à çnë ��à çZs �

Ô v pON+¾ xVM�®�o N x ��«§»�� ä �¹«^· l¯s�k:o « ­ � ­ �¹«�· l�s+l N M «^ã§�¹«bPqpyr-� l ã oWU�®¯l «y,"�^»��^ã§��Õ�Æ�ÖnÖ s)Ø �=å o�m �4[ s�v R]RSP s�v
vVU¸l RTN o(x\l p o R M N s]M [ Ã M¯°6ä|m ã o�q&~ [ v{sSM�® R k!o N v�l pqr m�v#M [q� Ã R o�x�l�U�o(u [ U�o(x�l N oWM pbR{� �êï ¿ ß ÍÇÜ�³ ï ´ Ü2ß ©?º�ò2¶>©
¨¬Ü2ß>ß ©(«¬�!Âq�¬« ë ��Æ2� ë � s �
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Ô v RSR vVU «�Ä��¬Õ�Æ�Ö�Ö ë)Ø � q&ì R v�st®¯l N oWM p l`U , M pbRTN s�l�o pON-R M p ädM r v#U R M�° N+� v å l X l�o�o¸l pÅå M NRã�[ M NÍã�X vVUWU � � ©
�ZÜ ½�ËlÍ!1�Ý{©EÞ Ü Ý{©(«��^��«�Æ ç �nÖ)à���Æ ç Æ�� × �

Ô v RSR vVU «¬Äº��Pqpqr�· s]M!v p k¯v «¬á=�ÃÔ �6Õ}Æ�ÖnÖ)� Ø �   m�v#Mnuwv N s�o(x N v{x �yp oWÄ P vÚ°�Mns&stv#U\M�x{l N o p m � M N]R][ M N-R l pyr
s�v�m p o p mzl¯ì R MZU P!N v [ U¸l N v$uÂM N oWM p!R{� ¤$ï�ß ú�¿ Ü «��^�Ãî§« ënç à�� ënç Ö��

Ô v RSR vVU «¬Äº�çPypqr�· sSM�v p k�v «�á6�§Ô �6Õ�Æ�Ö�Ö s)Ø ��Ù¿� v�mnv#M�uzv N s�o�x/s�vVU¸l N oWM p!R�� o [ ì§v N�X v�v p � M NÅR][ M N-R l pyr
R v{l�uÂM PqpON-R#k o�u [ U(o(x{l N o\M pbR °�Mns Ä l�x{o�m�x � M NYRS[ M N]R{� �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«¬�!����«EÆ2�^Æ s �

Ô v RSR vVU «:Äº��Pqpqrzã uwo N+�Ã«¯Ô �^Õ}Æ�ÖnÖ s)Ø � LZv X�« o(u [ s]M�®�v r ®nv�s R o\M p M�°ÃÛ�v p v{sto(xRä-l [b[ o p m Ù M�MZU R s�v#U�v�l R v r��
� ;�ºV�b¿ ï ´yÝ{©�ÿ�¼w© �ZÜ ½�ËlÍ!1�Ý{©µà¬´�¶¾½�´�«§îq�E«�à���Öy�

Ô o\U R M p�« Ø ��Ù$�êÕ}Æ�Ö çnë)Ø � ¡h®!o r v p x{vw°±s]Mnu o R U¸l pqrbR M pÕN�� v RS[ s�v{l r o p m&M�° N�� veM!x{v{l p �bMoMns � ¤�ï�ß ú�¿ Ü «
�!�Ãî§«^à ënç �yà ë�s �

Ô þM�U(ì�v{s pÃ« ñ �qÕ�Æ�ÖnÖ�Ö Ø ��� v{s�o�m ¾ o�v{s Pqp m&k:s P!RSN v p ì§v r o p m N v{s6¡=o p � þPbRSR vÍl P ° á l P ° ¾ v{o N stv R o rbP v p ®ZM p ¡=s r ì§v¦â
ì§v pOX vVUWU(v p l pq� l pqr ®�M pÚ� l N v p l P!R�r v�u Ù q » â Æ â Ä s]M�¼tv�k N{�q� o [ UWMnuzl�stì§v�o N�«{,*� sto RSN o¸l p â   U�ìqs�v�x �ON-R â
ýZp o¹®nv�s R o N�þl NÍ¾VP-· o�v#U �

Ô MZU¹°±v «¿,"� Ø �¹«Íã M�UWMnu%M p�«*ã§�Í,"�¹«Rã oWU¹®nv�s «êÄ�� Û ��«�� l p�� v{x{l�s « Ø �¿,"��«aPypqr »YPbRSR M «Í»�� ä �\Õæè��n�)è Ø �
ñ p ®nv{s R o\M p M¯°Zì§M r Ã â X l�®�v r v#U(l Ã N o�uzv R °�Mns/uzl pON U�v RSN s P x N-P stv¢ì�v p v�l N��èN�� v å l X l�o(o(l p o R U¸l pyrbR#k
s�v R]P U N-R °±s]Mnu N+� v Ä ¡ á ¡rLZ¡ Ù v�� [ v�s�o�uzv p_N{� �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨�Ü2ß>ß ©(«¬���^��«EÆ�è�Ö���Æ × à��

Ô MZU¹°±v «�,"� Ø �¹« q&k P ì§M « Ø ��Äº�¹«gPqpqr-ã�� v�l¯s�v{s «�Äº� ä �ºÕµè���� ë)Ø � ä-l p_N U(v � l P U N�� M p v\­*v p v�l N�� · oWU¸l P v�l
� MZU(x{l p M «yå l X l�o(o ��º�ò2¶ Ü ´Ãò Ü «^��¥^¥¬« × � s � ×Os �y�

Ô M�M r�« ­ � Ø �ÃÕ}Æ�ÖnÖ)à Ø ��Ù¿� v"¡ Ò v{x N M�° å 7 q�M pÂN+� v × Æ�� â · o\UWMnuwv N v{s ã v{o R uzo�x � o R x#M pON o p_P o N Ã �^º�ò2¶ Ü ´Ãò Ü «
�^Â���«^� × �y� ç �

ó l¯u]l ¾ l�k:o «   �^Pqpyrbå o�s+l � l¯s+l «¬·Ú��Õ�Æ�Ö�Ö ×:Ø �4Ù¿� v N+� o(x�k p v RSR M�° Pb[![ v�s�uzl pON U(v r o R xVM pON o p_P o N o�v R{« l R
o p °±v�s�stv r °±s]Mnu R�� M�s N â [ v�s�o\M r Ø�â   s�s�l Ã r l N l � �ZÜ ½�ËlÍ!1�Ý{©�Þ Ü Ý{© ¨¬Ü2ß>ß ©(«��E��«�Æ s Æ�Æ2��Æ s Æ × �

órP l p�« * ��Õ}Æ�ÖnÖnÖ Ø �/� Ü ³ Ü Ý Ü ¶(Ý�¼Ú¶µòRÞ Ü ò Ü ¶Àû Ü ¿"ü6ú!´Ãò ß ¶¾½�´¸º ß úqö�1 ï ´�öÚí ß Ý"ÿ�ËOË�³ø¶µò ï�ß ¶¾½�´;¶À´V�¬¶>õ Ü2ß�ï ´�ö ß Í Ü
0 Ü ´ ß ¿ ï ³^ÿ$´�ö Ü Ý2�6� o RSR v�s N l N oWM p�«�� s�v�o(v ýRp o�®�v{s R o N�þl N ­*v{sSU(o p��

órP l p�« * �¹«6· o pqrÃ«6»\�¹« ä|v{x � o(v « Ø �¹«1Pqpqr ã l pqr ®ZMZU « ¡ �ZÕ}Æ�ÖnÖ)� Ø ��á o N+� M R][q� v{s�o�x l pqrèPb[b[ v{swu]l p_N U(v
RSN s P x N-P stvÇM¯° R M P!N+� v{s pjÙ o(ì�v N °±sSMnu R v{o R uÂM�UWMnmno�x�l�U [ l RSR o¹®nv R M P stx{v v�� [ v{sto(uwv pON�� � © �ZÜ ½�ËlÍ!1�Ý{©
Þ Ü Ý{©(«E�:¥§��«�èn� × ÖyÆ2�yè��nà��n�y�

órP l p�« * �¹«qã MnìÓM�U(v�® «�ã§���/�¹«!· o pqr�«!»���« q p x�k¯v p�« q �¹« ­�M!x�k « Û ��«   R x ��« Û �¹«�ã x �_P s�s « ­ �¹« Û�s�l�v{ì�v{s «H����«
»jPyr UWM Òº«   ��«�å l p k�l «qÔ ��«�Ô Ã U(v�m)l�U\U¸l «y·��¹«�Ù o(ìyo «^»���«^å l�ì§v�s]U(l pqr�«�,"�¹«�» o�v N ìys]M!x�k «   ��« Û$o(v R v «^Ä���«
Ô o(mnm�v{s «nÄº�¹«:»�þM X v{s «!Äº�¹«�� l pqr!N{« Û �¹« ­*v�x�k «yã§�¹«nÔ l`UWU¸l¯x{v «¯Ù$��«!Ä l�s r M « ä ��«_PqpyrÅ, Mnu N v «:�/��Õæè��n�n� Ø �
ãoP ì rbP x N oWM p l pqr xVMZUWU�o R oWM p�[ sSM�x�v R]R v R o pÂN+� v , v pON s�l�U   pqr v R x#M p!RSN s�l�o p v r ì Ã x#M p ®nv�s N v rÇR v{o R uwo(x
[q� l R v R�� ¤$ï�ß úo¿ Ü «^��¥§��«^Ö)à s ��Ö ç Æ��
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�Ã� l «q,"��«��µPoÒ Ã «yÙ$�¹« ä-l�M «yå��¹«�� M XÍpbR{«q»\�¹«qå v{u%U(v Ã «q»���«oPqpqrÅÔ v{o rqp v{s «��/�EÕ}Æ�ÖnÖ)� Ø ��ã o p m�U(v2âªx{s Ã RTN l�U
v{l�U RTN o(x�o N Ã M¯°:��â�ä|m 7 ã o�q	� N M N�� v [ s�v RSR]P stvfM�° N�� v × Æ�� k:u R v�o R uwo(x r o R M pON o p_P o N Ã o pÇN�� v/¡6l�s N+��£ R
uzl pON U�v � �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«¬�)��îÃ« ¡ Ö�� ¡ Æ�à��

�Ã� l�M «!�/�§Õµè¯�n�yÆ Ø ��ã v{o R uwo(x RSN s P x N-P stv$l pqr M�s�o(m�o p M�° � M N-R][ M N]R l pqr u]l pON U(v [ U P uzv R{� �êï ¿ ß Í%Ü�³ ï ´ Ü2ß ©
º�ò2¶>© ¨¬Ü2ß>ß ©(«¬�!�^��«�ènà�Æ2��è ç à��

�Ã� M p m «^ã§�bPqpyr Ô l NSN-R{«   �¬Õµè¯�n�)è Ø �=, M pbRTN s�l�o pON-R M ppN�� v r Ã p l�uwo(x R M�°ºu]l pON U(v [ U P uwv R °±sSMnu Pb[ U(o�° N
M�° N+� v å l X l�o�o¸l p ñ R U¸l pyrbR{� �êï ¿ ß Í4Ü�³ ï ´ Ü2ß ©^º�ò2¶>© ¨¬Ü2ßæß ©(«���¥§��«EÆ��nà���ÆnÆ ç �

�Ã�_P�«Eá=�·Pqpqr�· l p l¯uÂMnsto «�å��=Õµè��n��� Ø � ädM � M r v [!N�� ®¯l�sto¸l N oWM p o p>R M P!N+� v{s pG, l�U�o�°�Mns p o¸lÚ°±s]M�u N vVU(v¦â
R v{o R uzo�x$s�v�x{v{o¹®nv�sÍ° Pyp x N oWM pbR�� � © �ZÜ ½�ËlÍ!1�Ý{©¬Þ Ü Ý{©(«E�:¥���«�è�Ö ç Ö���è�Ö s �y�

��P x{x{l « Ø � Ø �+Pqpqr�å oWUWU «��/�hÄº�êÕ�Æ�Ö s � Ø ��, s PbRSN l�U RTN s P x N-P s�vpM�° N+� v R M P!N�� v�l RSNI� U¸l p kÕq&° · oWU(l P v{l
� MZU�x�l p M «¬å l X l�o(o «6� sSMnu ã v{o R uwo(x » v�°±s+l¯x N o\M p ä¢v�l RSP s�v�uzv p_N]R{� 3 ú�³À³¹©Ìº Ü ¶(Ý�¼e½�³¹©Ìº·½�ò{©6ÿ�¼w©(«hîy¥E«
ÆnÆ × Ö���ÆnÆ�à�Öy�
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QHRTSHUWVYXZV0[]\_^:`�acbHde�XZVYRTf g!hi[ V j�S0hi[ VYh k/lXm^Tn_h o�[]hqp�h r:XmnTst ¶Zu$v,w o u " <�¶�¶ t � d �yx d 7 � s 5 ~ t u " ¶ s ð8ð u " ðª7 s �T" ~ 5 x s ¶" t u$v,w o u " <�¶�¶ " ¶ d 7 t d 785 s t 5 t u 7�¶ s xm� u " ð8ð s 585 7}ð x s 5t � u U{z b u " <�¶8< ">~ d "i� d 5�¶ s 785 t 585 s 5 � u " 5 x s ¶ � "_" x s <"|x u U{z b u " <�¶8< 7 ~ d 7 t d 5 ~ s 787 t "|x s 5 t u < ~ s x ð " t ¶ x s xt ð}u$v,w o u " <�¶8< " 5 d � ¶ d 78< s t x t 5 " s ~~" u " ðª< s t ~ " < x s ðt <Zu eHz w u " <�¶8< 7 t d ~ ¶ d t ¶ s 58< t t s "i� " 7 ~ s ~m� " 5 " x s ¶" 5Zu eHz w u " <�¶8< " ¶ d �}~ d � 5 s t ~ t ¶ s ~m� " 7 x s ð ~ 7 � ð s �" <Zuc� z j u " <8< t t x d � ¶ d " t s " 7 t u " 5 s � ð "|x_x s ~ ¶ " 7 x s ¶785Zu r-��� u " <8< t ">~ d 787 d 585 s x t_t < s <87 u�¶ � s ¶ " 787 ð s tt ~ u �Hb�� u " <8< t 787 d 5}ð d t_t s <87 t "_" s �}~ u�¶ x s ~ t 587 x s ðt 5Zu �Hb�� u " <8< t 7 " d " 7 d ~ 5 s 585 t " 5 s " 7 "i� ð s x t "_" ð s 5" ¶Zu �Hb�� u " <8< t ">~ d ~ < d " < s t " t " s " < " 787 s ¶ x 785 ð s �" 7Zu r-��� u " <8< t t � d 5 t d t ¶ s ð " t � < s t � "i�T" s ¶85 x t 5 x s ¶~ t u r-��� u " <8< t t 7 d ~m� d t 5 s ¶�¶ t u x s t 7 u¹ð8ð s 7 ~ 7 � x s x7 ~ u&�y� Q u " <8< t 7 " d ~ ¶ d " ¶ s ðª5 t u 7 " s 5}ð u " ð x s � ¶ " ¶ t x s 5t ð}u&�y� Q u " <8< t t < d 785 d " < s " < t u ~ s 5 x "i�_� s �}~ 78< x s <"i� u&�y� Q u " <8< t t ð d � t d 5 x s 7 " t "_" s ð x " 7 " s < t " ¶ ð s ""|x u&�y� k u " <8< t t ð d 7 x d ~m� s x~" t " 5 s x ¶ " 7 " s " ð 785 ð s ¶" ð}u&�y� k u " <8< t 7 " d "i� d �}~ s ¶ x t "|x s 5 t " 7 t s <�¶ 7 ~ x s x7}ð}u&�y� k u " <8< t " 7 d ~ ð d 58< s 585 t u " 5 s ~ 5 "|x ð s �yx " 785 x s <" 7Zu � ���Hu " <8< t 7 " d 785 d 7 " s <85 t u " < s �}~ "|x < s ">~ "i� t x s x" ð}u � ���Hu " <8< t ">~ d t ð d " ð s � 7 t u "_" s "|x "|x 7 s t_t 78< x s ¶" ð}u$v,w o u " <8< t "i� d ~ t d ">~ s "|x t u " t s <}ð u¹ð t s ð¢¶ 58<�¶ x s ¶~ t u eHz w u " <8< t " < d "i� d " ¶ s < ~ t u 5 s " t " 5 t s <}ð " ð¢¶ x s xt <Zuc� z j u " <8< " "|x d " ¶ d 5�¶ s ~ ð t u < s < ~ " 58< s "i� " t x s <" ¶Zuc� z j u " <8< " t 7 d ~ ð d 785 s " 7 t ¶ s ¶}ð " 7 x s � ¶ 7 ~ x s x7 " uc� z j u " <8< " t 7 d ~ 5 d ~m� s t 5 t 5�¶ s �}~ u " ðª5 s � 5 7 t x s ðt 5Zu �Hb�� u " <8< " t � d " < d � < s 587 t u 5 s <�¶ u¹ð8ð s t < " < x s ¶t x u �Hb�� u " <8< " "i� d ~m� d 7 t s ð t_t u " 5 s t " u " ðª5 s � 5 "|x x s ð787Zu �Hb�� u " <8< " 7 " d 5 x d 5 " s ¶87 t < s x < u�¶ ~ s t ð " t ð s xt � u&�y� k u " <8< " "_" d �}~ d " t s � < t u�¶ s " t " 7 � s x ¶ 7�¶ x s 5t x u&�y� k u " <8< " " 7 d " < d � < s 5 x t u ">~ s "_" u¹ðª7 s " < " t � x s 5">~ u&�y� k u " <8< " t 7 d 5 t d "i� s x < t � 7 s " ¶ u " 785 s xm� "_" x s <"i� u � ���Hu " <8< " " < d " 5 d t ~ s x ð t u ">~ s 58< "|x ð s x~" ">~ x s x" ð}u � ���Hu " <8< " 787 d " ð d "i� s x ¶ t �T" s ¶87 u " 785 s � t ">~ ð s "
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ã�N l N oWM p ñ pbR v#U á�þl p mnv�� É~� ­*stv{o N v�� É~� å�þM � vI� u � � ão[!P s�v p
� ñ   ãÓk
q »   L å l X l�o(o â Æ�ànà�� çnçZsnë Æ�Öy� �)ànà à�Æ s Æ�è
Ä�ý L   å l X l�o(o â Æ�à × � ÖyÆ snë Æ�Öy� ×)ç à è ë�s Æ�ànà
á   LZñ å l X l�o(o â Æ�ànà�� Ö ënçnç Æ�Öy� à s à�Æ�è Æ�Ö ë
á   ýZÄ å l X l�o(o â Æ�ànà�� è ëZsnë Æ�Öy� Ö snç�ç ÆnÆ ç ë è��
·   å"ý å l X l�o(o â Æ�ànà�� � s �nè è��y�¹Æ�è�Æ ç Ö s�s � ç
å   L   ä-l P o â Æ�à ç � �n�yÆ ç è��y� � s �nè è ç ë �
á   å   ä-l P o â Æ�à ç � ç �nènè è��y� sZsnë�s Æ s�ë Ö ×
·   Ä6ý q$l �_P â Æ�à s �¹Æ�� ënë è�Æn� × � ë�ë � ç�s Æ�è�Ö
·   á   · l P l�o â Æ�à�Öy� à��yÆ ë è�Æn� ÖyÆnÆ�Æ Æ ë¯× Æ çnç
· ñ á   · l P l�o â Æ�à�Öy� × Æ�èn� ènè�� è��nÖ × Ö s Ön�
· ¡ ·   · l P l�o â Æ�à�Öy� ��Æ�Ö)� è�Æn� Ö)�nà�è ë Æ��nÖ
Û\¡rq � qÅL k
ä   ý ñ ä-l P o â Æ�à ç � × à è��y� s à è�� ç � è s è
ñ » ñ ã�� Û\¡rq ãq, q Ä ¡ k
Ä q å   å l X l�o(o â Æ�ànà�� à ë ènà Æ�Öy� �nàn��à Æ�Ö ç � Æ sZs
· ñ Ä q$l �_P â Æ�à s � �yÆ�à è�Æn� × è ë�ë ��� × Ö)à
ý&ã Û ãÓk
å ñ}­ ã L å l X l�o(o â Æ�ànà�� è�Ö Æ�Öy� × Æ � ë �
·\åZý å l X l�o(o â Æ�ànà�� �n� Æ�Öy� ë � � Æ�Ö
ã�ÙR, å l X l�o(o â Æ�ànà��¹Æ Æ�Öy� è × � Æ��
ý * á å l X l�o(o â Æ�ànà�� × è Æ�Öy� èn� � è ë
ä|ñ �ÍÔ ä|o r!X l Ã â Æ��n��� ënç Ö)� è s � è�Æ�à�� � ë �
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ä¢v{o p m)l pq¾ ì�v R M pqr v�s�v{s � l p kÚmno\U N uwv{o p v pz� Mnk N M�st®¯l N v�s Ä sSM�° �!� s �:» l�o p v{s · o pqr ° þP s r o(v þý ì§v�s+l pON â
X Mns N-Pqp m r o(v R v R °>l Rt¾ o p o(v�s�v pyr v pjÙ¿� v{uzl R{��ã v�o p v   p s�v{m Pqp mnv p¬Pqpqrjr o(v¢l P °±ì�l P v pqr v;­�v N stv PbPyp m
X l�stv p ° þP s r o(v � v�s N o�m RSN v#U\U Pqp m r v�s   stì§v�o N v p Mnstu � oWU�°±stv{o�x ��� ñ8x ��r l p k�v�v{ì�v pbR M � s � Û þPqpON v�s   R x �
° þP s r o�v þý ì�v{s p l � uwv r v R�· Mns�v2°±v{s+l N v R�«�R M X o�v r v p¸X v�o N v�s�v p ä|o N mZU(o�v r v�s p-r v{s Ä s þP ° Pqp m R k�Mnuwo RSR oWM p
Ä sSM�° ��� s � q pqp Meq p x�k�v p�«�Ä s]M¯° �^� s ��� MZU�k�v{s å l�l�k «^� s �^Ä v N v�s Ô o(m�mnv{s Pqpqr�� s+l P|� o [ U � Û$v#M [y� Ã R��
ã_N v [y� l p o�v Ô v{s p v{s «�r v{stv p(� v{o N o(x � o p   pbRS[ s P x �-p v � uzv p|r!P st° N v �
Ô v{o N v�s r l p k�v�o(x �\r v{s � v PoN-R x � v p5� Mns R x �_Pqp m R mnv{uwv{o pbR x � l¯° N�« M �qp v r v�s�v p1� o p l pq¾ o�v{s Pqp m r o(v   s�ì�v{o N
p o(x �ON u þMnm�U(o(x � m�v X v R v p&X�þl�stv «lR M X o�v r v{u Û$v#M � Mns R x �_Pqp m R�� v pON s P u Ä M N-R�r l�u ° þP s r o�v�­�v{s�v�o N]RSN vVU¹â
U Pqp m r v R   s�ì�v{o N-R][ U¸l N�¾ v RYPqpyr|r v�s X v�o N v�st° þPq� s�v pyr v p�� o p l pq¾ o�v{s Pyp m �
�ZþP s r o(v$k`M pbRSN s P k N o�®nv p�«�� oWU¹°±s�v{o�x � v p¢� o R k PbR]R oWM p v p¢r l p k¯v�o�x � o pbR ì�v R M pqr v�s�v � s � * P v#Ä:o p m á o «�� s �
� s �^ã�N v [q� l p-ã MnìÓM�U(v�® Pqpqr|� s ��� l�ìqo\U �yÙ s]M pqr¢» Ã ì�v{s�m «bR M X o(v\l�U\U(v p l pqr v�s�v p�«�r o(v R o(x � ° þP s r o�v�­*v2â
l p_N�X Mns N-Pqp m�uzv�o p v�s � s+l�mnv pI� v{o N m�v p Mnuwuwv pÚ� l�ì�v pÃ� ä¢v{o pw� l p k/mnoWU Nhr l � v{s�l�UWU�uzv�o p v pw· M�UWU(v�mnv p
r v{s Ä s]M�¼tv�k N ì§v�s�v�o(x � v è�� × Pqpyrbè�� è ° þP s r l R mns]M  )l�s N o(mnv   s�ì�v{o N-R k�U�o(uzl � ÛÅU�v{o(x �!R l�u r l p k¯vzo�x �Gr v p
· MZU\U(v�mnv p;r v R/ô�úyõ{³ø¶À´ í2´yÝ ß ¶ ß ú ß8Ü á;½�¿�ÿRö�û ï ´Ãò Ü öpº ß úqö�¶ Ü Ý2«ÓR M X o(v r v{s à¬´�¶Àû Ü ¿�Ý2¶ ß 1¸½�áÑ» ï ��ï ¶À¶ ° þP s r o(v
°±stv Pqpyr U(o�x � v Pqpqr v{st°�M�U(mnstv{o(x � v ��PbR l�uwuwv p l�stì§v�o N{�
� v RSX v{o N v{stv p ì�v r l p k�v$o(x � uwo(x � ì§v�o r v�s ý&ã Û ãePqpyr4r v{u ñ » ñ ã�� Û\¡rq ãq, q Ä ¡hâ�LZv N+¾VX v{stk R ° þP s r o(v
­�v{s�v�o N]RSN vVUWU Pqp m r v{s � l N v p�� ­*v�l�stì§v�o N v N?XYP s r v p/r o(v � l N v p uwo N6¡�¢'£]¤!¥�£ ¦ §A¨�©'ª�« ¢/¬�Õæã�N l�uwu%U(v{s «)Æ�ÖnÖ ënØ «
r o(v�uwv{o RSN v p   ìqìqo\U rbPqp mnv p&XYP s r v p uzo NZr v p®­B¢/©'¢�¬}£ ¦?¯5¨�°�°�£�©'±G²�³�³�« ¤�ÕÀÔ v R]R v#U PqpyrNã uwo N+�Ã«�Æ�ÖnÖ s)Ø
v�s RTN v#U\U N{�y� l�s þP ì�v{s � o p l P!RÌXYP s r v p¢ã k:sto [!N v Pqpqr Ä s]M�mns+l�uwuwvÍ®�M p � s � *&o(l�M �_P o órP l p�«y� s � ä-l�s N o p
­ Pqr!X v{m Pypqr-� s � Û$s�o(m�Mns Ã · M R l�stv�®Å®�v{s X v pqr v N{�
� s �!Ô o p °±s�o�v r]å l p k�l Pqpqr � s �yã�N v Ò v p Û$s Pqp v X l`U rÅr l p k�v&o�x � ° þP s r o(v PqpbR x �¬þl N+¾ ì�l�stv å oWU¹°±vZì�v{o r v�s
­�v X�þl�U N o(m Pqp mÚl p ° þl p mZU�o(x � v�s*¡ ��� â Ä sSMnìbU(v�uzv �y� s � Ø�Mnl�x � o(u ã l P UÃmno\U N uzv�o pÅ� l p kw° þP s r l R¿· Mnsts�v�k)â
N]P s�v p U(v R v p-r v R ä|l p_PbR k:s�o [!N-RjPqpqr¢r o�v$k!sto N o R x � v p   p uwv{stk Pyp mnv pÃ�
ä¢v{o p v p ¡1U N v{s pePqpyr ­*s þPqr v{s pÅr l p k�v"o�x � o p ì�v R M pqr v�s�v{u ä-l/ nvR° þP s r v p °>l�uwoWU�o þl�stv pÚ»�þP x�k � l�U N�Pypqr
r o(v ýZpON v{s RTN þP!N�¾#Pqp mÅo p l�U\U(v p á v�ì§v pbR U(l�mnv pÃ�
ä¢v{o p ì§v R M pyr v{stv{s � l p kÅmno\U NR� s � ä|l�s N o p´F ­�M pyp Ã F ­ Pqr!X v{mÅ° þP s r o�v\m�v rbP U r o(m�v ýRpON v{s RSN þP!N+¾VPqp mÅo p
Ä sSMnmns+l¯uzuwo(v�st°±s+l¯mnv pÅPqpqr�r o(v ¾ l � UWUWM R v p °±s P x �ON ì�l�s�v p�� o RS[bP!N v Pqpqr/� o R k PbRSR o\M p v p-þP ì§v�s � l�x � U�o(x � v R{«
LRo(x �ON °>l¯x � U(o�x � v RYPqpqr¢r v p ã o pqp r v RRá v{ì�v pbR��
ýRpqrÈR x � U(o(v� ZU(o�x �hR l�mnv]o�x ��� l p k�l�U\U�uwv{o p v p=� stv Pqpyr vÅo pGp l �¯Pypqr °±v{s p ° þP s r o�v]v p_N]R][ l pqp v pyr v p
ã_N-Pqpqr v p&Pypqr|r v p mnv{o RSN o�mnv p   PbR mZU�v{o�x � ¼tv pbR v�o N]RZr v�s   s�ì�v{o N-Rt¾ v{o N��
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Æ ë � � ë ��Æ�Ö)��� Û�v�ìÓM�s�v p o p3� v2®nv p

  P m PbRTN\Æ�Ö)� ç ìqo R Û�s PqpqrbR x �_P U(v\o p¢· U � ä|v{x�k¯v#U R v p
Ø P U(o Æ�Ö s �

  P m PbRTN\Æ�Ö s � ìqo R áçPqr!X o(m�âTq N]N M¯â}¡ � U�v{s R â ã x �_P U�v$o p|ã o N]N v pbR v p[Õ q&s�o(v pON o(v�s Pqp m R]RTN-P °±v Ø
Ø P U(o Æ�Ö s è

  P m PbRTN\Æ�Ö s è ìqo R ã�N�� â � o N o¬Û Ã u p l R o P u o p�� v�®�v p
ä|l�o Æ�Ö s Ö

ä|l�o Æ�Ö s Ö   ìqo N-P s

ã v [!N v{u/ì�v{s Æ�Ö s Ö ìyo R � o�®!oWU r o(v pbRSN$Õæ� v P!N-R x � v R"» M N v RR· s�v Pq¾�«^» v NSN-Pqp m R�r o�v pbRTN Ø
� v ¾ v�u/ì§v�s Æ�ÖnÖn�

q&k N M�ì§v�s Æ�ÖnÖyÆ ìqo R ã�N-Pyr o P u r v{sZÛ$v#M [q� Ã R o�k4l p¢r v{s
  P m PbRTN\Æ�ÖnÖnÖ ,*� s�o RSN o¸l p â   U�ìqs�v�x �_N]R â ýZp o¹®nv{s R o N�þl N{«�· o(v#U

  P m PbRTN\Æ�ÖnÖnÖ � o [ U\Mnu o p Û$v#M [q� Ã R o�k
Ù¿� v{uzl r v{s � o [ UWMnuzl�s�ì�v{o N;k
Á Ü ¿¦¶ 2^À{¶ Ü ¿2ú!´ ù Þ�¿¦ú)Ý ß}Ü ´�õ Ü ö�¶À´ ù�ß8Ü ¿ � ¶À´�ºÇÎú)Ý�Ý Ü�ï ú�á
¨�ï ú�áSÀ Ü ¶ ß ¿ Ü Ý2¶>ö�ú Ü ´ û�½�´ � ¿tö)õ Ü õ Ü ´ �*Ü ³À³ Ü ´ ï ´!Í ï ´�öwû�½�´
ô ï�ß8Ü ´ ï ú:Ý�ö Ü ¼ �C;�Þ"÷W»�÷¾ÜÌ¿-½y¼ Ü Þ ß

½ v{o$¾ ã vÀ¿�¾�v{u/ì�v{s Æ�ÖnÖ�Ö Ô o ½{½ v p�½ x � l¯°q¾~Á(o�x � v{s"ä|o0¾+l�s�ì�v{o$¾+v�s Õæ�%Â k�¾ Â s+l pyr Ø
l�u Û$v Â��,Â s ½ x ��Ãqp m ½�� v p ¾�s Ã u�o p|ÄBÂ ¾ ½tr l�u
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ñ8x � v{s�k�Á þl�s�v � o�v{s�uwo0¾\l p ¡=o r v ½�ã ¾�l/¾{¾ «Er l ½~½ o�x �Gr o(vÚ® Â s{Á(o�v{mnv pqr v   s�ì�v{o$¾ ½ vÀÁ�ì ½ ¾ ½ ¾ þl pqr o�m Ãqpyr®Ân�qp v
­�v p�Ã ¾ ¾�Ãqp mwl pqr v{s�v�sêl Á ½*r v�sêl p mnv{mnv�ì§v p v p¢å oYÁ�° ½ uzo$¾~¾�vÀÁ�l p mnv�°±v�s{¾+o�m ¾ � l�ì�v ��� o(vZl Ã�½ °±stv{u r v p . Ã v�Á¹â
Á�v p r o�s�v{k�¾ þÃ ì�v{s p�Â uwuzv p v p Û$v r l p k�v p3½ o pqr k¯v pqp ¾~Á(o(x � mnv�u]l�x � ¾ �
� o�v ½ v   s�ì�v{o$¾�Æ Ã s r v�o p m Á(v{o�x � v{s Â!r v�s þl �qp Á(o�x � v{s �,Â stuBk¯v{o p v{sZl pqr v�s�v p|Ä s þÃ ° Ãyp m ½ ì�v � þÂ s r v\® Â stmnv2â
Á�v{m ¾ Â!r v�sê®nv{s þÂ�Ò v p ¾TÁ�o(x � ¾ �

ÄBÂ ¾ ½tr l�u « o(uiq$k�¾ Â ì§v�s è��n� ë ñ p m Â�Ô þÂ Á(ì�v{s p
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