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c'dfe+g'ZIZ�`KifZxºR_RifbNVCc'dfw[nyZIVCg#µ�X'_RY[waVCifZAwhZ´µ�dfw¸`aZAc=`(0'bAZAi�V:^Z�`zVCdS`WZAc'bA_RY[ZI�'ifg'wWifZvbNVCw~VCg�`aY[Z��*_RdfwAQ��)VCY[nyd
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�*ZAg e+g'd)Xh^ZAbAdfX'Z$X'Z$ikj VCdfX'ZAYAQ¶}/ZG�*ZAg e+g'dS`[`aZJifZJbAZAc=`aY[Z$X'g ny_Rc'X'ZJZ�`I`aYaVNºRZAY[w[Z¤ikj _#b3^ZNVCc{X'ZJ�-VCw�ZAc
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w[Zq�*_RY[nyZ]ifZ]�'Y[ZAnydfZAYKºR_RifbNVCc0§g'c'ZGny_Rc=`zVC\Rc'Zq�3_Rdfc=`ag'Z]e+g'd�bAY#^ZAZGifZAwx�'Y[ZAnydk¡ZAY[ZAw~`aZAY[Y[ZAw�^ZAnyZAY[\)^ZAZAw
Z�`Gw[g'Yqi�VCe+g'ZAififZ$wAj dfc'w¸`zVCififZAc=`]ifZAwq�'Y[ZAnydfZAY[w 9Z�`aY[ZAw]º#dSºCVCc=`awAQ hdfZAc#�¾w�9g'Y�g'c'Zy`aZAififZJ`a�h^ZA_RY[dfZ¤c?j V��'ifg'w
bA_Rg'Y[w�VCg5�[_Rg'Y[X?j �+g'd'Z�`�VCg'bAg'coVCY[\Rg'nyZAc=`¨w[bAdfZAc=`adS�-e+g'ZKc'Z~�3ZAg�`$^Z�`zVN�RZAY¨ikj �=�#�3_C`a�?¡ZAw[Z~w[ZAif_Rc¤i�VCe+g'ZAififZ
ifZybNVCc-VCY[X�ZAw¸`$VCifi�^Z¤bz�'ZAY[bz�'ZAY$ifZ¤�*ZAg��3_Rg'Yq��VCdfY[Z¤i�V�`aZAY[Y[ZonoVCdfw]bAZ�`[`aZ8i�^ZA\RZAc'X'Zony_Rc=`aY[Zyikj dfc=`�^ZAY 9Z�`
`aYA¡ZAw]�'Y#^ZAbA_#bAZ¤�3_RY¸`�^Z$VCg#µ n�^ZAbNVCc'dfw[nyZAwIX'Z$�*_RY[noV<`adf_Rc�X'Z¤i�VobAY[_:9g�`aZ$ZAc \)^ZAch^ZAYaVCi�Z�`]X'Z$i�V8bAY[_:9g�`aZ
_#b3^ZNVCc'dfe+g'Z]ZAc��-VCY¸`adfbAg'ifdfZAYAQ
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Xh^Z�`zVCdfi'i�VI��V��bA_RcyX'_Rc=`¨�*_Rc'b�`adf_Rc'c'ZAc=`�ifZAw�X'_RY[waVCifZAw¨_#b3^ZNVCc'dfe+g'ZAwAQ+½¾i-ZAw¸`hnoVCdfc=`aZAc-VCc=`¨bA_RnynJg'ch^ZAnyZAc=`
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Nappe de
Musqat

Nappe de
Mutrah

(d)
(c)

(b)
(a)

Cambrien moyen à Silurien

Permo-Mésozoïque autochtone (supergroupe du Hajjar)

Néo-autochtone Maastrichtien supérieur à Terciaire

+ ++

+ ++ Socle Précambrien supérieur (granits du Dhofar)

˚ ˚˚

˚ ˚˚
Protérozoïque supérieur à déformation paléozoïque

^^ ^
Éocambrien à Cambrien inférieur (carbonates et sels)

(a) Front du charriage synmétamorphique des nappes
 métasédimentaire de Musqat.

(b) Front du charriage des péridotites de Musqat.

(c) Front du charriage "froid" des nappes et mélanges d'Hawasina et des
 "exotiques" omanais (Glennie et al., 1974).

(d) Front du charriage des ophiolites de Suma'il.

Nappe de
Suma'il

Nappes
d'Hawasina
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Basaltes tholéiitiques
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de la zone de transition

 Sill de gabbro

 Filon de gabbro

 Filon de pyroxénite

 Niveau de dunite

Gabbros contenant des
rubanements, sills et filons de wehrlite

"Banded Unit" : alternace
de mylonites de harzburgite et dunite

Semelle métamorphique
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Fonts de chevauchement

Failles normales

Dépôts clastiques

Radiolarites

Radiolarites, shales,
grès, argilites

Argilites turbiditiques
et radiolarites

Argilites turbiditiques

Croûte océanique 
âge ~ 100-107 Ma

Croûte océanique
âge > 107 Ma

Péridotites tectonisées

Volcanites

Argilites micritiques

Brèches et radiolarites

Brèches et turbidites oolithiques

Grès turbiditiques et grès

Argilites silicifiées et radiolarites

Socle pré-Permien

Argilites
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Kilomètres

Plate-Forme Arabe Bassin d'Hawasina

Bassin d'Hamrat Duru Plate-forme de Baid

Horst
de Baid

Horst
de Misfah

Bassin
d'Umar Néo-Téthys

Sillon de
Al Aridh

Bassin
d'Hamrat Duru

Horst
de Baid

Horst
de Misfah

Bassin
d'Umar Néo-Téthys

Sillon de
Al Aridh

Bassin
d'Hamrat Duru

Horst
de Baid

Horst
de Misfah

Bassin
d'Umar Néo-Téthys

Sillon de
Al Aridh

Bassin
d'Hamrat Duru

Horst
de Misfah

Bassin
d'Umar

Sillon de
Al Aridh

Bassin
d'Hamrat Duru

Horst
de Baid

Ophiolite
de Suma'il

Permien Supérieur

Tithonique Supérieur à Berriasien

Sénonien : début de la phase d'obduction

Cénomanien à Turonien

Aptien à Albien

Jurassique Moyen à Supérieur

Trias Moyen à Supérieur

Bassin intra-shelf
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�*_Rc'X'ZvY[ZAw¸`aZAc=`~X'_Rc'bIYaVCY[ZAw�� ��dS�=VCw[�'dfY[_JZ�`KVCikQ 0§P-�=rC� �.hif_#_RnyZAY¨Z�`KVCikQ 0§P-�R|�� �'lI±NV %WVJZ�`KVCikQ 0§P-����P��
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¢ 2 EG%- "45�!2IH�#>JH�+45%-(W "�{(MLNH�=�5,� "�

,u��8 KE�"% �������V�"% !#�
'�� /0!#*+��� �0¿��
H&� !#��% ���A�
/0!#���"!#������·3�#í<��í
�í�½�í��CIÃ

,-$8�°2�?���&��'���� % 6
����1#� '���� 1����6
��"!����v/0!#���"!#�����I·
�#í���í��&í&IÃ

,u/�8 ��!#� %?�V�"% !#�&�
'����ä�G����"%?'�!��"% �"���\�
/0!#���"!#������·3�#í<��í
��í��&í&IÃ

,u'&8 �L% �G����V�"% !#�
'����ä�G����"%?'�!��"% �"�����
/0!#���"!#�����h·.�#í<��í
��� �í���Ã

�$	���� PRQSP5s �o²Id�VC\RYaVCnynyZAw¨w¸`�^ZAY#^ZA_R\RYaVC�'�'dfe+g'ZAwWny_Rc=`aYaVCc=`Wikj _RY[dfZAc=`zV<`adf_Rcy�'Y#^Z���^ZAY[ZAc=`adfZAififZvX'ZAwWw¸`aY[g#µ+�
`ag'Y[ZAwGX-VCc'wGifZ ��VCw[w[dS�KX'Z��#g'noV�j dfikQ?��Y[_5�[ZAb�`adf_Rc:w¸`�^ZAY#^ZA_R\RYaVC�'�'dfe+g'ZoX-VCc'wGikj �h^ZAnydfw[�'�?¡ZAY[Zydfc���^ZAY[dfZAg'Y
�*Z´µ#`aYaVCdS`~X'ZGThZAg'ifZAc'ZAZAYxZ�`vVCikQ 0¶P-�R|R|��´Q

P-�R|�P��*�#nyZ %~dfc'\ 0/P-�R|�P��-�)VCififdfw¸`aZAY~VCc'X�°x_R�'w[_Rc0"P-�R|�P��§�)VCififdfw¸`aZAYKVCc'X ��c'df\R�=`(0?P-�R|�P��#hY[_ %~c'dfc'\ 0
P-�R|=s��+²�VC�'i 0-P-�R|C� �+��Y[c'Z %hZAdfc�VCc'X ���'dS`aZAbz�+g'Y[bz�0¶P-�R|�� �+}/df�'�-VCY[XyZ�`WVCikQ 0-P-�R|�� �+��Y[c'Z %hZAdfc03P-�R|=r��
��Y[c'Z %hZAdfc�Z�`$VCikQ 0¨P-�R|R| �
�Cg�`aZNVCg�Z�`$VCikQ 0¨P-�R|R|RV � �Cg�`aZNVCg�Z�`$VCikQ 0¨P-�R|R|C��� /~ZAg'�3ZAY 0hP-�R|R| � �Cg�`aZNVCg
Z�`JVCikQ 0�P-�R|�� �:�vnyY[d 0�P-���=»���h_Rg'X'dfZAY]Z�`JVCikQ 0�P-����� �/}"VCbz�'df±AZyZ�`JVCikQ 0�P-����� � �xdfbA_Ri�VCw�Z�`JVCikQ 0�P-����� �
��VCc &C_yVCc'X�}"VNºRZAY[c'Z�0/P-���R| � �hVC_Rg-VCc'bAe8VCc'X ��VCbN}/ZA_#X0§sC�R�R� �:��VCbN}/ZA_#X�VCc'X �hVC_Rg-VCc'bAe*0§sC�R�R� �
t]VCY[Y[dfX'_GZ�`xVCikQ 0'sC�R��P���Z�`KifZAwWX'_Rc'ch^ZAZAw~w[g'YK\=VC�'�'Y[_RwW_R�'�'df_RifdS`adfe+g'ZAw�w[_Rc=`~X'_Rc'bI`aYA¡ZAwKc'_RnJ�'Y[ZAg'w[ZAw��
ifZ��'Y[_R�'ik¡ZAnyZ�dfc'�h^ZAY[ZAc=`oVCg#µ�_R�'�'df_RifdS`aZAwGZAw¸`oe+g'Z�ifZ�bA_Rc=`aZ´µ#`aZ�\)^ZA_#X��#c-VCnydfe+g'Z�X'Z�ifZAg'Y$nydfw[Z�ZAc
�'i�VCbAZqZAw¸`Iw[_Rg�ºRZAc=`�noVCi"bA_Rc=`aYaVCdfc=`vZ�`ve+g?j dfi�ZAw¸`IZAc��-VCY¸`adfbAg'ifdfZAY~X'd�ybAdfifZ�X'ZGXh^Z��-c'dfYxifZAg'Yx�3_Rw[dS`adf_Rc
�-VCYhYaVC�'�3_RY¸`~VCg8bAZAc=`aY[Z�X?j VCbAbAY#^Z�`adf_Rc�e+g'd¶ifZAwKVG\)^ZAch^ZAY#^ZAZAw 0'i�VG\)^ZA_Rn�^Z�`aY[dfZxX'g�w¸�#w¸`N¡ZAnyZ�X'ZIX'YaVCdfc-VC\RZ
noVC\RnoV<`adfe+g'ZyZAw¸`$X'_Rc'b�VCw[w[ZA±��3ZAg�VCbAbAZAw[w[df�'ifZ8X-VCc'w$bAZ�`[`aZ8w[dS`ag-V<`adf_Rc?Q)}"V��3_Rc'c'Z�bA_Rc'c-VCdfw[waVCc'bAZ
X'ZAw�w¸`aY[g'b�`ag'Y[ZAw�X-VCc'w�ikj _R�'�'df_RifdS`aZ�X?jmlInoVCcyZ�`��'ifg'w¨�-VCY¸`adfbAg'ifdk¡ZAY[ZAnyZAc=`�X-VCc'w¨ifZ~noVCw[w[dS�3X'Z �#g'noV�j dfi 0
ZAc!�'ifg'wvX'ZGwaVow[dS`ag-V<`adf_Rc��'Y[dSº#dfi�^ZA\Rd�^ZAZ]X-VCc'wvi�Vybz�-V-9<fc'Z=�vif�'dfc'_ ��°xdfnoVCi�VN�RZAc'c'Z�0§ZAc!��VCdS`xX'_Rc'bGg'c
`aZAY[YaVCdfc�X?jM^Z�`ag'X'Z]`aYA¡ZAw~�'Y[dSº#dfi�^ZA\Rd�^Zv�3_Rg'YKi�V$bA_Rny�'Y#^ZA�'ZAc'w[df_Rc�X'ZAwxX'_RY[waVCifZAwK_#b3^ZNVCc'dfe+g'ZAwAQ

������� � � ����� 465 ��� 	�� 469 �.�  	:065 � � 9 � 	 � 43469<068 � 	������ 9 �

�xºCVCc=`IifZAwxw¸`zVCX'ZAwIX?jM^Z�ºR_Rifg�`adf_Rc�X-VCc'wxi�VybAY[_:9g�`aZ�0§bCj ZAw¸`�VCg�bA_Rg'Y[wvX'ZGi�V¤w#^ZA\RY#^ZA\=V<`adf_Rc�ZAc=`aY[ZJifZAw
�h^ZAY[dfX'_C`adS`aZAw]Y#^ZAw[dfX'g'ZAififZAw]Z�`qifZ¤ifdfe+g'dfX'Z$noVC\RnoV<`adfe+g'ZJ�'g'dfw]X'Zyi�V�bAdfY[bAg'i�V<`adf_Rc{X'ZAwqnoVC\RnoVCw�X-VCc'w
ifZ noVCc=`aZNVCg0Ke+g'Z�ifZAw��'Y[ZAnydfZAY[w��'�h^ZAc'_Rn�¡ZAc'ZAw�X'Z�bAY[dfw¸`zVCififdfwaV<`adf_Rc��*YaVCb�`adf_Rc'ch^ZAZ w[Z��'Y[_#X'g'dfw[ZAc=`NQ
}"V�nydf\RYaV<`adf_Rc X'ZAw�noVC\RnoVCwyY[ZA�'Y#^ZAw[ZAc=`aZ X'_Rc'b{g'c'Z ^Z�`zVC�3Z!�h^Z�`aY[_<�¾\)^ZA_#bz�'dfnydfe+g'Z��*_Rc'X-VCnyZAc=`zVCifZ
X-VCc'wvi�Vy\RZAc?¡ZAw[ZJX'ZAw��!l /,hwAQ:�#_Rc�Y$9_RifZqZAw¸`�ZAc'bA_RY[Zq`aYA¡ZAwvnoVCi"bA_Rny�'Y[dfw$¡VybAZ~�[_Rg'Y 0§noVCdfw~ZAififZqZAw¸`
�'Y[_R�-VC�'ifZAnyZAc=`$Y[ZAw[�3_Rc'waVC�'ifZ�X?j g'c'Z�i�VCY[\RZo�-VCY¸`¤X'Z�ikj �h^Z�`�^ZAY[_R\)^ZAch^ZAdS`�^Z�\)^ZA_#bz�'dfnydfe+g'Z8X'ZAw$�-VCwaVCiS`aZAw
_#b3^ZNVCc'dfe+g'ZAwAQ¶}/ZAwv�'Y[_#X'g'dS`aw~X'ZGi�V¤bAY[dfw¸`zVCififdfwaV<`adf_Rco�*YaVCb�`adf_Rc'ch^ZAZ�������	��
����������� �K�'d�^ZA\)^ZAwvVCg�w[ZAdfc
X'ZAwIw¸`aY[g'b�`ag'Y[ZAw�X'ZJnydf\RYaV<`adf_Rc �*bCj ZAw¸`¸�A¡V5�¾X'dfY[ZqX-VCc'wIX'ZAwv�*YaVCb�`ag'Y[ZAwInoVCdfwvVCg'w[w[d)X-VCc'wIX'ZAwIbz�'ZAc-VCg#µ
X'ZJ�3ZAY[bA_Ri�V<`adf_Rc0§�3_#bz�'ZAw�X'dS¿¶g'w[ZAw 0¶Z�`abCQAQAQ��Iw[_Rc=`�ifZAwv`�^ZAny_Rdfc'wxifZAwI�'ifg'wIX'dfY[ZAb�`awIX'ZAwI�'Y[_#bAZAw[w[g'w]X'Z



D:" ��� B3�N�¥�5�*B3>  �, �N,7!A�=� ¢ O

2 km

N

23
°0
0'N

23
°0
0'N

23
°1
5'N

23
°1
5'N

58
°0
0'E

58
°0
0'E

58
°0
5'E

58
°0
5'E

57
°5
0'E

57
°5
0'E

pegmatites (pyroxénites et 
gabbronorites)

gabbronorites à grains fins

gabbros et gabbros à olivine

troctolites

Abondance
fa

ib
le

m
oy

en
ne

fo
rt
e

Filons dans la harzburgite

pas de filon

Lithologies crustales de l'ophiolite

Harzburgites

Autres lithologies
24
°0
0 
N

23
°3
0 
N

23
°0
0 
N

23
°0
0 
N

59
°0
0 E

58
°3
0 E

58
°0
0 E

57
°3
0 E

24
°0
0 
N

23
°3
0 
N

23
°0
0 
N

23
°0
0 
N

59
°0
0 E

58
°3
0 E

58
°0
0 E

57
°3
0 E

0
10

20
30

40
50
km

�$	���� PRQSP�� �:TWVCY¸`aZoX'ZyY#^ZA�-VCY¸`adf_Rc:X'ZAwq��VCbAdk¡ZAw]�-if_Rc'dfZAc�X-VCc'wGi�V�w[ZAb�`adf_Rc:noVCc=`aZAifi�VCdfY[ZJX'g�noVCw[w[dS�
X'Z���VCe+waVCX �*Z´µ#`aYaVCdS`WX'Z�ThZAg'ifZAc'ZAZAYKZ�`KVCikQ 0§P-�������´Q#}/ZAwKVC�3_Rc'X-VCc'bAZAwhY[ZA�'Y#^ZAw[ZAc=`aZAc=`xi�Vq�'Y[_R�3_RY¸`adf_Rc
X'Zqw[g'Y¸��VCbAZGX?j g'c{V<¬yZAg'Y[ZAnyZAc=`I_#bAbAg'�h^ZAZG�-VCYxifZAwK�-if_Rc'wx�-VCYxYaVC�'�3_RY¸`$¡VybAZAififZ]_#bAbAg'�h^ZAZAwv�-VCYxikj ZAc#�
bNVCdfw[waVCc=`�� ��# 
 �������	��
�������������������������
������� !����"	��
�Q-}/ZAw -/¡ZAbz�'ZAwvY[ZA�'Y#^ZAw[ZAc=`aZAc=`�ifZAw
�'Y[dfc'bAdf�-VCifZAwWifdfch^ZNV<`adf_Rc'wWnyZAw[g'Y#^ZAZAwxX-VCc'w~ifZAwK�-VCY[±A�'g'Y[\RdS`aZAw~ny_Rc=`aYaVCc=`~i�V$if_#bNVCifdfwaV<`adf_RcyX'g�X'd�VC�'dfYAQ



¢#$ EG%- "45�!2IH�#>JH�+45%-(W "�{(MLNH�=�5,� "�

nydf\RYaV<`adf_RcoX'ZAwxnoVC\RnoVCwKVCg#µ�e+g'ZAifw~_Rc��3ZAg�`vVNºR_RdfY~VCbAbC¡ZAwAQ

�$	���� PRQSPN� � �#bz�h^ZAnoV�X?jM^Z�ºR_Rifg�`adf_Rc�X'g�X'd�VC�'dfY
X'Z ��VCe+waVCX �*Z´µ#`aYaVCdS`GX'Z�hZAc'_RdS`(0¨P-���=r��´Q�}"V�ifd �
`a�'_Rw[�'�?¡ZAY[ZvVC�'�-VCYaV-9<S`¨ZAc��aVCg'c'Z�0+ikj VCw¸`a�h^ZAc'_Rw[�'�?¡ZAY[Z
ZAc \RY[dfw#^Z
��ifZAw �-if_Rc'w X'Z `aY[_#b�`a_RifdS`aZAw w[_Rc=`
Y[ZA�'Y#^ZAw[ZAc=`�^ZAwKZAc�Y[_Rg'\RZ�0#X'Zv\=VC�'�'Y[_Rw]¡Vq_RifdSº#dfc'Z~ZAc
�'ifZAgqZ�`)X'Z��3ZA\RnoV<`adS`aZAw �*�=�#Y[_Nµ�^ZAc'dS`aZAw�Z�`�\=VC�'�'Y[_<�
c'_RY[dS`aZAwvVC�'�-VCg�º#Y[dfw �~ZAc�ºRZAY¸` � � ���¤�3ny_Rc=`�^ZAZqX'ZAw
dfw[_C`a�'ZAY[nyZAw�Z�`��*_RY[noV<`adf_Rc X'ZAw��=�#Y[_Nµ�^ZAc'dS`aZAw�Z�`
\=VC�'�'Y[_Rc'_RY[dS`aZAwqVC�'�-VCg�º#Y[dfwqX-VCc'wGi�V�ifdS`a�'_Rw[�'�?¡ZAY[Z
�=�#X'YaV<`�^ZAZ
� ��
����JbAY[dfw¸`zVCififdfwaV<`adf_Rc�X'Z ��VCbAdk¡ZAw����
if_Rc'c'dfZAc'wvX'ZG`aY[_#b�`a_RifdS`aZAwxZ�`�X'ZJ\=VC�'�'Y[_ �*c'_RY[dS`aZ �Mw
¡V�_RifdSº#dfc'Z
� ������qifZ�b  ]g'Y�X'g X'd�VC�'dfY:V<`[`aZAdfc=`
ifZ!ny_R�'_���ifZAw8`aY[_#b�`a_RifdS`aZAwy�3ZAY[bA_Ri�VCc=`aZAw�bAY[dfw¸`zVCi �
ifdfw[ZAc=`NQ

}�j Z´µ�dfw¸`aZAc'bAZ X'Z �-if_Rc'w�ZAc lInoVCc ZAw¸`
bA_Rc'c+g'Z¨X'ZA�'g'dfw/`aYA¡ZAw"if_Rc'\C`aZAny�'w 0AbCj ZAw¸`��'Y#^ZAbAdfw#^Z´�
nyZAc=`!°qQ ��QvTWVCY¸`aZAY �MP�|=»C���oe+g'dqifZ �'Y[ZAnydfZAY
Xh^ZAbAY[dSº#dS`¤g'c V<¬yZAg'Y[ZAnyZAc=`yX'Z��  � ��� � !�����JVCg
bA_Rc=`zVCb�`�ZAc=`aY[Z�ifZAw��h^ZAY[dfX'_C`adS`aZAw Z�`�ifZAw�bNVCi �
bNVCdfY[ZAw�`aZAY¸`ad�VCdfY[ZAw�w[g'wM�S�aVCbAZAc=`aw{VCg�c'dSºRZNVCg�X'g
�3Z�`adS`yº#dfifi�VC\RZ�X'Z{²�VCY[waVN�+`(0hX-VCc'w8i�V�YaVCX'Z�X'Z
��g'w[e#V<` �~bAZ�`[`aZ��  � ��� � !�����oZAw¸`�ZAc ��VCdS`�g'c'Z
dfc=`aY[g'w[df_Rc�X'Z�X'df_RY[dS`aZ�X-VCc'w�ifZAw��h^ZAY[dfX'_C`adS`aZAw 0
ZAififZ�V^Z�`�^ZÀ^ZAbz�-VCc=`adfifif_Rc'ch^ZAZ�X-VCc'w�ifZ��'Y#^ZAw[ZAc=`
`aYaVNºCVCdfiGw[_Rg'w ifZ�i�VC�3ZAi ���������
»#Q�²IZA�'g'dfw
TWVCY¸`aZAY 0)X'Z8c'_RnJ�'Y[ZAg'w[ZAw�^Z�`ag'X'ZAw$\)^ZA_Rif_R\Rdfe+g'ZAw
_Rc=` ^Z�`�^Z���VCdS`aZAw:w[g'Y�ikj ZAc'w[ZAnJ�'ifZ X'Z ikj _R�'�'df_<�
ifdS`aZ]X?jmlInoVCc�Z�`Ii�V¤�'Y#^ZAw[ZAc'bAZ$X?j VC�3_Rc'X-VCc=`awx���
if_Rc'w�V ^Z�`�^Z�c'_C`�^ZAZ��-VCY�ifZAw�VCg�`aZAg'Y[w Z�` bAg#�
Y[dfZAg'w[ZAnyZAc=`(0�w[dKifZAw$nyZAw[g'Y[ZAwyw¸`aY[g'b�`ag'YaVCifZAw¤c'Z
noVCc'e+g'ZAc=`K�-VCw �kThZAg'ifZAc'ZAZAY 0¶P-�R|�� ��ThZAg'ifZAc'ZAZAY
Z�`�VCikQ 0#P-�R|R| � �xdfbA_Ri�VCw 0+P-�R|�� �CThZAg'ifZAc'ZAZAY 0'P-����P��
�C_Rg'w[w[ZAifdfc�Z�`�VCikQ 0IP-���R|�� 0W`aYA¡ZAw��3ZAg�X?jM^Z�`ag'X'ZAw
�h^Z�`aY[_Rif_R\Rdfe+g'ZAw8_Rc=`�^Z�`�^Z{bA_Rc'waVCbAY#^ZAZAw�¡V�bAZAw����
if_Rc'wAQ)}�jM^Z�`ag'X'Z��h^Z�`aY[_Rif_R\Rdfe+g'ZoZ�`$\)^ZA_#bz�'dfnydfe+g'Z
w¸�#w¸`�^ZAnoV<`adfe+g'Z�X'ZAw��-if_Rc'w�dfc=`aYaVCnoVCc=`aZAifi�VCdfY[Z
X?jmlInoVCc V ^Z�`�^ZpZAc=`zVCn�^ZAZ �-VCY ikjM^ZAe+g'df�3ZpX'Z
�h^Z�`aY[_Rif_R\RdfZ�X'Z�ikj �qQ ��Q /]Qh»R»��=s!X-VCc'wyifZ�noVCwM�
w[dS�~X'Z �#g'noV�j dfi�dfi¨��V!g'c'Z8X'df±NVCdfc'ZoX?j VCc'ch^ZAZAw
�kThZAg'ifZAc'ZAZAYqZ�`GVCikQ 0�P-����� ��vnyY[d�Z�`JVCikQ 0�P-����� �
hZAc'_RdS`(0IP-���=r�� hZAc'_RdS`�Z�`�VCikQ 0vP-����� � hZAc'_RdS`
Z�`�VCikQ 0~P-����� 0¨ºR_RdfY¤�-\Rg'Y[Z�PRQSP����´Q�}�jM^Z�`ag'X'Z!X'Z
bAZ�w[ZAg'i noVCw[w[dS�:X'Z��=� &+n _/¡g�g'c X'd�VC�'dfY
X'g noVCc=`aZNVCg VNºCVCdS`�^Z�`�^Z�if_#bNVCifdfw#^Z �kThZAg'ifZAc'ZAZAY 0
P-�R|�� �,/xVC�'dfc'_ %~dfbA±�Z�`!VCikQ 0]P-�R|=r��xThZAg'ifZAc'ZAZAY
Z�`yVCikQ 0hP-�R|R| � �xdfbA_Ri�VCw 0hP-�R|�� 0��-\Rg'Y[Z{PRQSPRP�� 0�V
�3ZAY[nyd#X'ZKXh^ZA\=VC\RZAY)�'ifg'w[dfZAg'Y[w�bNVCYaVCb�`�^ZAY[dfw¸`adfe+g'ZAw
dfc=`�^ZAY[ZAw[waVCc=`aZAw�bA_Rc'bAZAY[c-VCc=`�i�V:\RZAc?¡ZAw[Z�X'ZAw����
if_Rc'w¨dfc=`aYaVCnoVCc=`aZAifi�VCdfY[ZAwAQC}"V]�'Y[ZAnydk¡ZAY[Z~bA_Rc'w¸`zV5�
`zV<`adf_Rc�dfny�3_RY¸`zVCc=`aZ �3ZAg�` 9Z�`aY[Z���VCdS`aZ w[g'Y�i�V
bNVCY¸`aZqX'Zqi�VJ�-\Rg'Y[ZyPRQSP�� 0§ifZAw~bNVCYaVCb�`N¡ZAY[ZAwv�h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAw~�-if_Rc'dfZAc'w~c'Zqw[_Rc=`v�-VCwvVCi�^ZNV<`a_RdfY[ZAnyZAc=`
Y#^ZA�-VCY¸`adfwKw[g'YKi�VJw[g'Y¸��VCbAZ�X'Z]bAZ�noVCw[w[dS��noVCdfwhg'c'Z]±A_Rc-V<`adf_Rc�c'Z�`[`aZ�w[Z]w[g'Y[dfny�3_Rw[Z�VCg�X'd�VC�'dfY��kThZAg#�
ifZAc'ZAZAY�Z�`hVCikQ 0-P-�������´Q+lIcoY[ZAc'bA_Rc=`aY[Zve+g-V<`aY[Z~`¾�#�3ZAwhifdS`a�'_Rif_R\Rdfe+g'ZAw)�'Y[dfc'bAdf�-VCg#µ10=ifZAw¨`aY[_#b�`a_RifdS`aZAw 0RifZAw
\=VC�'�'Y[_Rw$¡Vy_RifdSº#dfc'Z�0-ifZAwx\=VC�'�'Y[_Rc'_RY[dS`aZAwxZ�`IifZAwx�=�#Y[_Nµ�^ZAc'dS`aZAw��?VCg!b  ]g'YxX'g!X'd�VC�'dfY 0-ifZAw~�-if_Rc'wxw[_Rc=`
YaVCY[ZAw 0�dfifwGX'Z�º#dfZAc'c'ZAc=`¤�'ifg'w¤VC�3_Rc'X-VCc=`awJif_RY[w[e+g?j _Rc�wAj ZAc�^ZAif_Rdf\Rc'ZoZ�`$ny_Rc=`aY[ZAc=`¤g'c'Z�X'dfw[�3_Rw[dS`adf_Rc
bA_Rc'bAZAc=`aY[dfe+g'ZybAZAc=`aY#^ZAZyw[g'Y]i�V8±A_Rc'Z¤X'Z --g#µ noVCc=`aZAififdfe+g'ZJVCw[bAZAc'X-VCc=`(0"ifZAwI`aY[_#b�`a_RifdS`aZAw�VCg bAZAc=`aY[Z



D:" ��� B3�N�¥�5�*B3>  �, �N,7!A�=� ¢��

�'g'dfw�ifZAw�\=VC�'�'Y[_Rw�¡Vq_RifdSº#dfc'ZKZ�`WZAc��-c8\=VC�'�'Y[_Rc'_RY[dS`aZAw¨Z�`W�=�#Y[_Nµ�^ZAc'dS`aZAwW�3ZA\RnoV<`adS`adfe+g'ZAwAQ+}/ZAw�`aY[_#b�`a_<�
ifdS`aZAw¨w[_Rc=`WX'ZAwWbAg'nJg'i�V<`aw�X'Zv�-VCg�`aZx`aZAny�h^ZAYaV<`ag'Y[Z �kt�Y[_�ºRZIVCc'X�hY¸�=VCc03P-�R|R� ��t�Y[_�ºRZvZ�`KVCikQ 0-P-���=s��
��dfbz�-VCZAi�VCc'X�Th�-VCw[Z�0�P-�R|=r70�PRP-�R��� � ��P5s#P���� � �xZ�`�ikj VC�'�-VCY[dS`adf_Rc�w[g'bAbAZAw[w[dSºRZyX'g bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�'g'dfwvX'ZJikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZJY[ZAw[�3ZAb�`adSºRZAnyZAc=`�X-VCc'wIifZAwv\=VC�'�'Y[_Rw¤¡Vo_RifdSº#dfc'Z]�'g'dfwvifZAwv\=VC�'�'Y[_Rc'_RY[dS`aZAw
`�^ZAny_Rdf\Rc'Z~X'Zx`aZAny�h^ZAYaV<`ag'Y[ZAwhX'ZxbAY[dfw¸`zVCififdfwaV<`adf_Rc$X'Zx�'ifg'whZAco�'ifg'wh�-VCw[w[ZAwAQ'}"VqX'dfw[�3_Rw[dS`adf_Rc¤bA_Rc'bAZAc#�
`aY[dfe+g'ZJX'ZAw�ifdS`a�'_Rif_R\RdfZAwW�-if_Rc'dfZAc'c'ZAw!^Z�ºR_#e+g'Z$X'_Rc'bJg'c'Z$±A_Rc-V<`adf_Rc�`a�'ZAY[nydfe+g'ZJX'g{X'd�VC�'dfYvVNºRZAb¤ifZAw
�'ifg'wG�-VCg�`aZAwJ`aZAny�h^ZAYaV<`ag'Y[ZAw$VCg�b  ]g'YAQ�²Jj VCg�`aY[ZAwJX'_Rc'ch^ZAZAwJ`aZAififZAwGifZAwq`aZ´µ#`ag'Y[ZAw¤X'ZAwJ�h^ZAY[dfX'_C`adS`aZAw 0
\RYaVCc'_R�'i�VCw¸`adfe+g'ZAwyVCg�b  ]g'YyX'Z�bAZ�X'd�VC�'dfY$Z�`o�3_RY[�'�=�#Y[_#bAi�VCw¸`adfe+g'ZAwyZAc��h^ZAY[df�'�h^ZAY[dfZ�0�_/¡g ifZAg'Y¤bz�'d �
nydfw[nyZ�0¨ny_Rdfc'woVC�'�-VCg�º#Y[dvZ�`�waVCc'w8X'_Rg�`aZ!�'ifg'woY[dfbz�'Z!ZAc bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z!ZAc �h^ZAY[df�'�h^ZAY[dfZ�e+g?j VCg
bAZAc=`aY[Z�0§w[ZAnJ�'ifZAc=`xbA_Rc��-Y[nyZAY~bAZ�`[`aZ]±A_Rc-V<`adf_Rc �k«Ig-V<`aY[Z�ºCVCg#µ10/P-���=»��§t�_#X-VCY[X�Z�`vVCikQ 0§sC�R�R���´Q
}�jM^Z�`ag'X'ZWw[g'Y)ifZAw"�-if_Rc'w�X'gJX'd�VC�'dfY"X'Z���VCe+waVCX$V�^Z�`�^ZhVC�'�'Y[_C�*_Rc'X'dfZ��-VCY ��V<`a�'dfZAg hZAc'_RdS`��MP-���=r��

VCg¤bA_Rg'Y[w¨X'Z~waV�`a�?¡ZAw[Z~�-VCY¨ikj VCc-VCiS�#w[ZW\)^ZA_#bz�'dfnydfe+g'Z ��^ZAi�^ZAnyZAc=`aw�`aYaVCbAZAw¨Z�`�dfw[_C`a_R�3ZAw �)X?jM^ZAbz�-VCc=`adfifif_Rc'w
Y[ZA�'Y#^ZAw[ZAc=`zV<`adS�*wAQ"ThZAwqVCc-VCiS�#w[ZAw�_Rc=`��3ZAY[nydfwvX'Z$w[_Rg'ifdf\Rc'ZAYvbAZAY¸`zVCdfc'wI�3_Rdfc=`awIdfc=`�^ZAY[ZAw[waVCc=`aw 0/c'_C`zVCn$�
nyZAc=`]ifZAwI�-VCY¸`aw�Y[ZAw[�3ZAb�`adSºRZAwqX'Z$i�Vy�*g'w[df_Rc{�-VCY¸`adfZAififZ�03X'Z$i�VobAY[dfw¸`zVCififdfwaV<`adf_Rc��*YaVCb�`adf_Rc'ch^ZAZ�0¶X'Z¤ikj dfc#�
`aZAYaVCb�`adf_Rc�noVC\RnoV ��Y[_#bz�'ZGZ�`vX'ZAwv�h^Z�`�^ZAY[_R\)^ZAch^ZAdS`�^ZAwvX'ZGw[_Rg'Y[bAZAwvX-VCc'wvi�V¤w[df\Rc-V<`ag'Y[Zq\)^ZA_#bz�'dfnydfe+g'Z
�oZ�`~X'_Rc'b�i�VG\RZAc?¡ZAw[Z��oX'ZAwW�-if_Rc'wAQ'}/ZAw~w[df\Rc-V<`ag'Y[ZAwWdfw[_C`a_R�'dfe+g'ZAwWZAc�ch^ZA_#X��#nyZ�Z�`~ZAc��'if_RnJ�8X'Z�i�V
�'ifg'�-VCY¸`KX'ZAwKbAg'nJg'i�V<`awKVCc-VCiS�#w#^ZAw~bA_RY[Y[ZAw[�3_Rc'X'ZAc=`$¡VJbAZAififZAwWX?j g'c�noVCc=`aZNVCg�w[dfnydfi�VCdfY[ZG¡V$bAZAifg'd¶X'_Rc=`
w[_Rc=`Idfw[w[g'wvifZAw��!l /,hwvX'ZGikj _#b3^ZNVCc�dfc'X'dfZAc��-ifZAwx`aY[_#b�`a_RifdS`aZAw 0'ifZAwv\=VC�'�'Y[_Rw$¡Vy_RifdSº#dfc'Z�Z�`Ig'c'ZG�-VCYM�
`adfZ�X'ZAwx\=VC�'�'Y[_Rc'_RY[dS`aZAwKX'g�noVCw[w[dS��X'Z �#g'noV�j dfi¶w[Zq�'i�VCbAZAc=`xX-VCc'wxg'c'Z]if_R\Rdfe+g'Z�X'Z]X'dS¿x^ZAY[ZAc'bAd�V<`adf_Rc
X?j g'coifdfe+g'dfX'ZW`¾�#�3Z��!l /,vQ�ThZAY¸`zVCdfc'ZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw¨bAZA�3ZAc'X-VCc=`W�'Y#^ZAw[ZAc=`aZAc=`KX'ZAwhYaVC�'�3_RY¸`aw�dfw[_<�
`a_R�'dfe+g'ZAwvX'g{w¸`aY[_Rc=`adfg'n �������	�

��
 �	�
��^ZAifZ�º¨^ZAwIny_Rc=`aYaVCc=`ve+g'ZJikj ZNVCg!X'ZGnyZAYvV��[_Rgh^ZGg'c!Y$9_RifZqdfny�3_RY¸`zVCc=`

X-VCc'w�ifZAg'Y/�*_RY[noV<`adf_Rc��NbAZAi�V 05VCw[w[_#bAd�^ZI¡VxX'ZAw�bA_Rny�3_Rw[dS`adf_Rc'w"VCc'_RY[noVCifZAnyZAc=`�VC�'�-VCg�º#Y[dfZAw�ZAc�^ZAi�^ZAnyZAc=`
dfc'bA_Rny�-V<`adf�'ifZAw)Z�`I¡V�X?j VCg�`aY[ZAw�X'_Rc'ch^ZAZAw�\)^ZA_#bz�'dfnydfe+g'ZAw�Z�`¨�h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAw�`aZAififZAw�e+g'Z~i�VIY[dfbz�'ZAw[w[Z
ny_#X-VCifZ�dfc'�-VC�'dS`ag'ZAififZIZAc�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZJV¤�3ZAY[nydfw~X'Z]��VCdfY[Z�g'c'ZGX'dfw¸`adfc'b�`adf_Rc�ZAc=`aY[ZGifZAw~\=VC�'�'Y[_<�
c'_RY[dS`aZAw�wAj dfc'w[bAY[dSºCVCc=`v¡Vvi�Vvw[g'dS`aZWX'ZAw�`aY[_#b�`a_RifdS`aZAw�Z�`¨\=VC�'�'Y[_Rwx¡Vv_RifdSº#dfc'Z�X-VCc'w�g'c'ZKw#^ZAY[dfZh`a�'_Ri�^ZAdfdS`adfe+g'Z
�)c'_RY[noVCifZ 
�Z�`�X'ZAw¨\=VC�'�'Y[_Rc'_RY[dS`aZAw �)Xh^ZA�'Y[dfn�^ZAZAw 
��'Y[_�ºRZAc-VCc=`�X?j g'c'ZKw[_Rg'Y[bAZK`aYA¡ZAw¨VC�'�-VCg�º#Y[dfZCQ��xc
ny_#X?¡ZAifZhX'ZW�*g'w[df_Rc$X?j g'c'Z~ifdS`a�'_Rw[�'�?¡ZAY[ZKVCiS`�^ZAY#^ZAZW�-VCY�ikj ZNVCg$X'ZKnyZAY�Z�`¨�=�#X'YaV<`�^ZAZxV�^Z�`�^ZK�'Y[_R�3_Rw#^ZK�3_Rg'Y
Z´µ��'ifdfe+g'ZAYqi�V�w[_Rg'Y[bAZ8VC�'�-VCg�º#Y[dfZ � hZAc'_RdS`qZ�`JVCikQ 0�P-����� 0?�-\Rg'Y[Z�PRQSPN� � 0/w[_Rg'ifdf\Rc-VCc=`qikj dfny�3_RY¸`zVCc'bAZ
X'ZAwh�'�h^ZAc'_Rn�¡ZAc'ZAwh�=�#X'Y[_C`a�'ZAY[noVCg#µoX-VCc'whi�V]\RZAc?¡ZAw[ZvX'Zvi�V]bAY[_:9g�`aZ~_#b3^ZNVCc'dfe+g'Z
�#bAZAY¸`zVCdfc'w�bAg'nJg'i�V<`aw
X'Z¤bA_Rny�3_Rw[dS`adf_Rc{dfc=`aZAY[n�^ZAX'd�VCdfY[ZJZAc=`aY[Zybz�'dfnydfZG`¾�#�3Z ���!l /, 
�Z�`qbz�'dfnydfZ$Xh^ZA�'Y[dfn�^ZAZ¤�3ZAg�ºRZAc=`
�'Y[_�ºRZAc'dfY~X?j g'c�n�^ZAi�VCc'\RZ�ZAc=`aY[Z]X'ZAw~�*YaVCb�`adf_Rc'wKX'Z]bAZAw~X'ZAg#µ�`¾�#�3ZAwxX'Z]ifdfe+g'dfX'ZCQ

��������� �� 	 �
	�� 	���� � 465 ��� � � 8 4 � � ���.� � 2�4 � � � 4 � 5@;�=�065@430
	 � 	������ 9 � �

5@2� �  	:0 � ��	�� 469 	:=�����.�

}/Z$noVCw[w[dS�¨X'Z �#g'noV�j dfi 0§Z�`]ZAc �-VCY¸`adfbAg'ifdfZAYxi�Vo±A_Rc'Z$X'Z ��VCe+waVCX0?w[_Rc=`]X'_Rc'b$noVCdfc=`aZAc-VCc=`�Y[Z´�
i�V<`adSºRZAnyZAc=`~�'dfZAc�bA_Rc'c+g'w 03X?j g'c��3_Rdfc=`~X'Z�º#g'Z]�-if_Rc'dfZAc0'ifZAw~ifdS`a�'_Rif_R\RdfZAw�¡V¤�'i�VC\Rdf_#bAi�VCw[ZvX'_Rnydfc-VCc=`
�¥`aY[_#b�`a_RifdS`aZAw�Z�`h\=VC�'�'Y[_Rw�¡V]_RifdSº#dfc'Z �)w[_Rc=`hifZAw��'ifg'whVC�3_Rc'X-VCc=`aZAw�Z�`hX'Zxi�VCY[\RZAw��-if_Rc'w�X'Zx�=�#Y[_Nµ�^ZAc'dS`aZ
Z�`oX'Z�\=VC�'�'Y[_Rc'_RY[dS`aZ�VC�'�-VCYaVCdfw[w[ZAc=`oZAc �h^ZAY[df�'�h^ZAY[dfZ�X'g�X'd�VC�'dfY �¥�-\Rg'Y[Z�PRQSP����´Q�}�j _RY[dfZAc=`zV<`adf_Rc�X'g
bA_Rny�'ifZ´µ�ZI�-if_Rc'dfZAc0 � P��R��� �!P-�R��� 0'X-VCc'wKbAZ�`[`aZ]Y#^ZA\Rdf_Rc�ZAw¸`x�'dfZAc�bA_Rc'c+g'Z�� ��dfw[w[ZAY[d 0/P-�R|=s��§ThZAg'ifZ´�
c'ZAZAY 0�P-�R|�� ���C_Rg'w[w[ZAifdfc�Z�`�VCikQ 0/P-���R|��WZ�`vi�V¤±A_Rc'Z�¡V¤`aY[_#b�`a_RifdS`aZ�w[ZAnJ�'ifZqwAjM^Z�`aZAc'X'Y[ZJ�'ifg'wvi�VCY[\RZAnyZAc=`
X-VCc'wIbAZ�`[`aZJX'dfY[ZAb�`adf_Rc�e+g'ZJX-VCc'wvi�VyX'dfY[ZAb�`adf_Rc��3ZAY[�3ZAc'X'dfbAg'i�VCdfY[Z�¥�-\Rg'Y[ZoPRQSP���� 03ifZAwvifdfnydS`aZAwKc'_RY[X#�



¢ � EG%- "45�!2IH�#>JH�+45%-(W "�{(MLNH�=�5,� "�

ZAw¸`JZ�`Gw[g'X#�¾_Rg'ZAw¸`GX'ZobAZ�`[`aZoY#^ZA\Rdf_Rc bz�-VCg'X'Z8w[ZAnJ�'ifZAc=`�¡V��3ZAg��'YA¡ZAwq�'dfZAc:Xh^Z��-c'dfZAw�¡V�ikjM^ZAbz�'ZAififZ¤X'g
noVCw[w[dS�KnoVCdfwqg'c'Z�bA_Rc=`adfc+g'dS`�^Z8VCg�c'_RY[X#�¾_Rg'ZAw¸`$Z�`¤VCg�w[g'X#�¾_Rg'ZAw¸`$�-VCYaV-9<S`J�3_Rw[w[df�'ifZCQ�¯�_Rg�`aZ��*_Rdfw 0�bAZ
�3_Rdfc=`Gdfc=`�^ZAY[ZAw[waVCc=`$c'Zo�3_Rg�ºCVCdS` 9Z�`aY[ZobA_Rc��-Y[n�^Zoe+g'Z8�-VCYGikj Z´µ#`aZAc'w[df_Rc:X'Z8ikjM^Z�`ag'X'ZoX'ZAwG�-if_Rc'wGVCg#µ
noVCw[w[dS�*w�ºR_Rdfw[dfc'w�� �vV &+�'i?Z�`���VCnoVCX �´Q ��_Rc8`aYaVNºCVCdfi3X'Zv`a�?¡ZAw[Z]VGbA_Rc'w[dfw¸`�^Zy¡V:^Z�`aZAc'X'Y[Z�bAZ�`[`aZ�^Z�`ag'X'Zo¡V
ikj ZAc'w[ZAnJ�'ifZ�X'Zqi�VJ�-VCi�^ZA_<�¾X'_RY[waVCifZI_RnoVCc-VCdfw[Z�0�bAZ�`[`aZq\)^ZAch^ZAYaVCifdfwaV<`adf_Rc8�'Y#^ZAw[ZAc=`zVCdS`x�'ifg'w[dfZAg'Y[w~dfc=`�^ZAY 9Z�`aw
X'_Rc=`�bAZAifg'd)X?j VC�'�'Y#^ZA�'ZAc'X'ZAY�ikj Z�¿¶Z�`�X'ZJi�Vyw[ZA\RnyZAc=`zV<`adf_Rc{X'ZAwIX'_RY[waVCifZAwIw[g'YIifZAwI�'Y[_#bAZAw[w[g'w�X'Z$nyd �
\RYaV<`adf_Rc8Z�`~X'Z��*YaVCb�`adf_Rc'c'ZAnyZAc=`KX'ZAw~noVC\RnoVCwAQ���c�Z�¿¶Z�`(0'ifZ�noVCw[w[dS�"X'Z=�#g'noV�j dfi 0+bA_Rny��`aZI`aZAc+g�X'Z
w[ZAwhX'dfnyZAc'w[df_Rc'w¨wAj VC�'�-VCY[ZAc=`aZy¡Vqg'cow[ZA\RnyZAc=`WX'ZvX'_RY[waVCifZ~_#b3^ZNVCc'dfe+g'Z�0#i�VI`a_C`zVCifdS`�^ZKX'Zvikj _R�'�'df_RifdS`aZWw[Z
�'i�VCbAZo¡V$g'c'Z{^ZAbz�'ZAififZ�bA_Rny�-VCYaVC�'ifZ¤¡V$bAZAififZ�X'Z��'ifg'w[dfZAg'Y[wKw[ZA\RnyZAc=`awxX'Z�X'_RY[waVCifZ�_#b3^ZNVCc'dfe+g'Z �¥�-\Rg'Y[Z
PRQSP5»��´Q

100 Km Siqueiros F.Z.

Clippe
rton F

.Z.

Orozco F.Z.

D
o
r sa
le

E
s t

P
a
c i f iq

u
e

O
p
hiolite

d 'Oman

Massif
de Suma'il

�$	���� PRQSP5»���²IdfnyZAc'w[df_Rc'wGbA_Rny�-VCY#^ZAZAw
X'Z�ikj _R�'�'df_RifdS`aZoX?jmlInoVCc Z�`oX?j g'c w[ZA\<�
nyZAc=`�X'Z�i�V X'_RY[waVCifZ���w¸` �)VCbAdS�-e+g'Z
�kThZAg'ifZAc'ZAZAY 0"P-�R|����´Q

²IZ¨�'ifg'w 0�w[d=i�VKw#^ZAY[dfZ�`aY[_#b�`a_RifdS`aZ �I\=VC�'�'Y[_$¡VK_RifdSº#dfc'Z�X'Z
`¾�#�3Z��!l /, ^Z�`zVCdS`�V<`[`aZAc'X'g'ZhX-VCc'w�g'cJbA_Rc=`aZ´µ#`aZhX'Z�X'_RYM�
waVCifZ]_#b3^ZNVCc'dfe+g'Z�0§i�V$�'Y#^ZAw[ZAc'bAZJX?j g'c'ZGw#^ZAY[dfZ]X'Zqbz�'dfnydfw[nyZ
Xh^ZA�'Y[dfn�^Z�ZAc�dfc'bA_Rny�-V<`adf�'ifZAwhZ�`xZAc�^ZAi�^ZAnyZAc=`aw~nydfc'ZAg'Y[w~V
^Z�`�^Z�g'c'Z�w[g'Y[�'Y[dfw[ZCQ�²�VCc'wyifZ�noVCw[w[dS�vX'Z3�#g'noV�j dfi 0�bAZ�`[`aZ
X'ZAY[c'dk¡ZAY[Z8w#^ZAY[dfZ�bA_Rg�º#Y[Z�g'c'Z8w[g'Y¸��VCbAZ�Y[ZAi�V<`adSºRZAnyZAc=`JY[ZAwM�
`aY[ZAdfc=`aZ$X'Z$i�V8w[ZAb�`adf_Rc noVCc=`aZAifi�VCdfY[ZqZ�`]w[ZAnJ�'ifZJnydfc'ZAg'Y[Z
�-VCY�YaVC�'�3_RY¸`�¡V]i�V]w#^ZAY[dfZ~`a�'_Ri�^ZAdfdS`adfe+g'Z
�Cg'c'ZvbNVCY¸`a_R\RYaVC�'�'dfZ
VCg'w[w[d3Z´µ��-VCg'w¸`adSºRZve+g'Zv�3_Rw[w[df�'ifZ~X'ZAw���VCbAdk¡ZAw¨�-if_Rc'dfZAc'w¨w[g'Y
ikj ZAc'w[ZAnJ�'ifZ�X'Z�ikj _R�'�'df_RifdS`aZo�3ZAY[nyZ�`[`aYaVCdS`�^ZA\=VCifZAnyZAc=`¤X'Z
bA_Rc'c-V-9<S`aY[Zyikj Z´µ#`aZAc'w[df_Rc:X'Zyi�V�w#^ZAY[dfZoXh^ZA�'Y[dfn�^ZAZ¤�-VCYqYaVC�#�
�3_RY¸`J¡V$i�V$w#^ZAY[dfZ��!l /,�bAi�VCw[w[dfe+g'ZCQ

�vgJbA_Rg'Y[w)X'ZAw�`aYaVNºCVCg#µG�'Y#^ZAb3^ZAX'ZAc=`aw 0RZAc=º#dfY[_Rc'w�sC�R�K���
if_Rc'w/_Rc=`q^Z�`�^Z$^ZAbz�-VCc=`adfifif_Rc'ch^ZAw/X-VCc'w�ifZ�noVCw[w[dS��X'Z��#g'noV�j dfikQ
}�j ZAc'w[ZAnJ�'ifZ�X'ZAw{_R�'w[ZAY¸ºCV<`adf_Rc'w���VCdS`aZAw!w[g'Y!bAZAw Y[_#bz�'ZAw
�*ny_#X'ZAw¨X?j V<¬yZAg'Y[ZAnyZAc=`(0�nydfch^ZAYaVCif_R\RdfZAw 0<`aZ´µ#`ag'Y[ZAw ��VCdfc'w[d
e+g'Z�ifZAw"X'_Rc'ch^ZAZAw)nydfbAY[_Rw[_Rc'X'Z�w[g'Y�ifZAw"X'dS¿x^ZAY[ZAc=`aZAw��'�-VCw[ZAw
nydfch^ZAYaVCifZAw¨_Rc=`8^Z�`�^Zvdfc=`�^ZA\RY#^ZAZAwKVCg#µoX'_Rc'ch^ZAZAw~VCbAe+g'dfw[ZAwKVCg
bA_Rg'Y[w�X'Z noV:`a�?¡ZAw[Z�Z�`�i�V�X'ZAw[bAY[df��`adf_Rc�bA_Rny�'ik¡Z�`aZ{X'ZAw
X'dS¿x^ZAY[ZAc=`aZAwxbNVCYaVCb�`�^ZAY[dfw¸`adfe+g'ZAw~X'Z]bAZAwK�-if_Rc'wKw[ZAYaV¤Y[ZA�'Y[dfw[Z
X-VCc'w¨ifZKbz�-VC�'dS`aY[Zvs �=ifZAg'Y[w¨�'Y[dfc'bAdf�-VCifZAw�bNVCYaVCb�`�^ZAY[dfw¸`adfe+g'ZAw
ifdS`a�'_Rif_R\Rdfe+g'ZAw¶VCdfc'w[dCe+g'Z¨ifZAw/bA_Rny�3_Rw[dS`adf_Rc'w¶bz�'dfnydfe+g'ZAw?ZAc
^ZAi�^ZAnyZAc=`aw]noV��[ZAg'Y[w]X'Z¤ifZAg'Y[w��'�-VCw[ZAwqnydfch^ZAYaVCifZAwI�'Y[dfc'bAd �
�-VCifZAw�w[_Rc=`h�'Y#^ZAbAdfw#^ZAZAwWX-VCc'whifZAw��-bz�'dfZAY[whw[g'Yhi�V]X'dfw[e+g'Z�`[`aZ
�[_Rdfc=`aZCQ��)VCYKVCdfififZAg'Y[w 0+ZAc=º#dfY[_Rc�|R�R�:^ZAbz�-VCc=`adfifif_Rc'w�_Rc=`8^Z�`�^Z
Y#^ZAbA_RiS`�^ZAwxX-VCc'wxi�V¤e+g-VCw[d � `a_C`zVCifdS`�^ZIX'ZAwvVCg�`aY[ZAwvnoVCw[w[dS�*w 0-i�V$X'ZAw[bAY[df��`adf_Rc��h^Z�`aY[_R\RYaVC�'�'dfe+g'ZqbA_Rny�'ik¡Z�`aZ
VCdfc'w[dWe+g'Z�ifZAw¤VCc-VCiS�#w[ZAw¤nydfbAY[_Rw[_Rc'X'Z�X'ZAw¤�'Y[dfc'bAdf�-VCifZAwJ�'�-VCw[ZAwynydfch^ZAYaVCifZAwJbA_Rc'w¸`adS`ag�`adSºRZAw¤X'Z�bAZAw
^ZAbz�-VCc=`adfifif_Rc'w)Vv_#bAbAg'�h^ZWg'c'ZW�3_Rc'c'Zh�-VCY¸`adfZhX'gG`aZAny�'w�X'ZhnoV~`a�?¡ZAw[Z
�Ri�VxbA_Rny�-VCYaVCdfw[_RcGX'ZAw�X'_Rc'ch^ZAZAw
_R��`aZAc+g'ZAw�VNºRZAb{bAZAififZAw8Xh^Z¾�5¡V�VCbAe+g'dfw[ZAw�VCg'�-VCYaVNºCVCc=`�w[g'Y8ifZAw8\=VC�'�'Y[_Rw8bAY[g'w¸`zVCg#µ _Rc=`��3ZAY[nydfwoX'Z
ny_Rc=`aY[ZAY8g'c'Z�ºCVCY[d�VC�'dfifdS`�^Z�bz�'dfnydfe+g'Z!bA_Rny�-VCYaVC�'ifZ�¡V�bAZAififZ�_R�'w[ZAY¸º¨^ZAZ X-VCc'w8i�V:w#^ZAe+g'ZAc'bAZ��'ifg�`a_<�
c'dfe+g'ZxbAY[g'w¸`zVCifZ~Z�`(0+�-VCY¨bA_Rc'w#^ZAe+g'ZAc=`KX'Zxw[_Rg'ifdf\Rc'ZAY�ikj dfny�3_RY¸`zVCc'bAZWX'ZAwh�'Y[_#bAZAw[w[g'wh\)^ZA_#bz�'dfnydfe+g'ZAw¨w[Z
�'Y[_#X'g'dfwaVCc=`~ZAc��'Y[_C�*_Rc'X'ZAg'YAQ



� � �����/�:��� �

� ����� � � ���� ����������� ��� ���/� � ����� ������� ��� 	
���
� ��� � �  � � ��� ���)��)����� 	 ���  � �

� '+�%�#�(�&�(������ B��� � 
�$&�B�0$&8> %�# B�(' ?� %-/����&-"��������$&�# % %�G��-/�� � "!��
��0$0���# ��('��
�.-/����
�'(����4�� �>���3���#� 
����� �
�8,
�$0�>
��(�%�%$&� :-��*�#�#),
,�( ���� =>�����0=>�����[��-/$0�*������ �
�8,
�$0�

����(
, �'3!��)�$0��
���� ��#8������$� 
���.-/'('��# 9�('<��
,?/'($ "�=>���������#8,
��	4

� ' ��' � 
�'1� �
T=>�($*$0�6��'(����$&?/'(
�$&�2�	� 
, %�2���G�%�#�(�&�(���# A�#�2=>�($*�	� 
�8,
�$&�A %�#?/
, ��3!�
� 
�$& %�N����'(�(
�'1�L��-/�(�*�.���*�&-/'�?/�6��-/$0�[�#� ��'+!�#��-/'('��3
��&-� ��NI J U3-/������'1�[�%
�8,
�$0���Y�%�
=>�L� $0��C 
�8,
�$&�9�('<�����#8,
��6�����(
�'(�H�0
G��$&�# % %�[PGQ

R WYU7
, % �$ ��# %��)[Z�\�\�]/^�4



� � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

}�jM^Z�`ag'X'Z �'Y#^ZAb3^ZAX'ZAnynyZAc=`:Y#^ZNVCifdfw#^ZAZ�X-VCc'w ifZ�noVCw[w[dS�oX'Z �#g'noV�j dfiJ�-VCY ��V<`a�'dfZAg hZAc'_RdS` Z�`
t�ZA_RY[\RZAwyThZAg'ifZAc'ZAZAY � hZAc'_RdS`(0hP-���=r��¨ThZAg'ifZAc'ZAZAY¤Z�`yVCikQ 0hP-�������qV{�3ZAY[nydfwJX'Z�X'dS¿x^ZAY[ZAc'bAdfZAY$� _Rg
»J��VCbAdk¡ZAw~X'dS¿x^ZAY[ZAc=`aw~X-VCc'wxbAZ�`[`aZq±A_Rc'Z]iM¡V�Q-�)VCY[nyd/bAZAwxe+g'ZAife+g'ZAwx��VCbAdk¡ZAw 0-ifZAwK`aY[_#b�`a_RifdS`aZAwWZ�`xifZAw~\=VC�#�
�'Y[_Rw�¡V{_RifdSº#dfc'Zow[_Rc=`¤�*YaVCc'bz�'ZAnyZAc=`yX'_Rnydfc-VCc=`awAQ�}/ZAw$nydfw[w[df_Rc'wJX'Z�`aZAY[YaVCdfc�e+g'dK_Rc=`¤w[g'dSº#dKbAZ�`[`aZ
^Z�`ag'X'Z$Z�`]e+g'd�_Rc=`]�3_RY¸`�^ZJw[g'Y�i�Vo`a_C`zVCifdS`�^ZqX'Z$i�Vow[g'Y¸��VCbAZ$X'Z$ikj _R�'�'df_RifdS`aZ]_Rc=`qVC�3_Rg�`ad�V8ikjM^Z�`ag'X'Z$X'Z
�'ifg'w�X?j g'conydfififdfZAY"X?jM^ZAbz�-VCc=`adfifif_Rc'w�Z�`�_Rc=`¨�3ZAY[nydfw�X'Z~nyZ�`[`aY[ZKZAc�^Z�º#dfX'ZAc'bAZxg'c'Z~X'dSºRZAY[w[dS`�^Z~X'ZK��VCbAdk¡ZAw
�'dfZAc w[g'�h^ZAY[dfZAg'Y[Z{¡V�bAZAififZG`aY[_Rg�º¨^ZAZyX-VCc'w]ifZJnoVCw[w[dS�hX'Z �#g'noV�j dfi)g'c'dfe+g'ZAnyZAc=`qZ�`qg'c'ZyVC�3_Rc'X-VCc'bAZ
Y[ZAi�V<`adSºRZI`a_C`zVCifZAnyZAc=`KX'dS¿x^ZAY[ZAc=`aZCQ
}/ZAw"X'ZAw[bAY[df��`adf_Rc'w/Y#^ZNVCifdfw#^ZAZAw?w[g'Y/ifZ�`aZAY[YaVCdfcIc?jM^Z�`zVCc=`��-VCw/w[g �ywaVCnynyZAc=`/�§VC�'ifZAw/�3_Rg'Y/Xh^Z�`aZAY[nydfc'ZAY

i�V ifdS`a�'_Rif_R\RdfZ�0'�[Z�nyZ�w[g'dfwyw[g'Y¸`a_Rg�`o�-VCw#^ZAZ�w[g'YoifZAw¤_R�'w[ZAY¸ºCV<`adf_Rc'wyZAc i�VCnyZAw$nydfc'bAZAwyZ�`ow[g'YyX'ZAw
bAY[dS`N¡ZAY[ZAwv`aZAifwIe+g'Z$ifZAwI�'Y[_R�3_RY¸`adf_Rc'wvny_#X-VCifZAwvZ�`]bAZAY¸`zVCdfc'ZAwIbNVCYaVCb�`�^ZAY[dfw¸`adfe+g'ZAwI`aZ´µ#`ag'YaVCifZAwI�3ZAY[nyZ�`¸�
`zVCc=`¤X'Z�Xh^Z�`aZAY[nydfc'ZAYJg'c�_RY[X'Y[Z�X'Z�bAY[dfw¸`zVCififdfwaV<`adf_Rc �3_Rg'Y$bAi�VCw[w[ZAY$ifZAwJ�-if_Rc'w 0)X-VCc'w¤ifZ8Xh^Z�`zVCdfi 0�ZAc
g'c'ZJe+g-VCYaVCc=`zVCdfc'ZJX'ZG��VCbAdk¡ZAwAQ?²IZG��V��bA_Rc!�'ifg'wI\)^ZAch^ZAYaVCifZ�03i�VonoV��[_RY[dS`�^ZqX'ZJbAZAw��=�y��VCbAdk¡ZAwI�3ZAg�`89Z�`aY[Z
Y[ZA\RY[_Rg'�h^ZAZ�ZAc��+g'dS`�\RYaVCc'X'ZAw���VCnydfififZAw��KifZAw8`aY[_#b�`a_RifdS`aZAw 0WifZAw�\=VC�'�'Y[_Rw�¡V�_RifdSº#dfc'Z�0hifZAw�\=VC�'�'Y[_Rw
dfc'X'dS¿x^ZAY[ZAc'bAd�^ZAw 0'ifZAwK\=VC�'�'Y[_Rc'_RY[dS`aZAw 0'ifZAwK�=�#Y[_Nµ�^ZAc'dS`aZAwxZ�` %hZAY[�'ifdS`aZAw~Z�`~e+g'ZAife+g'ZAw~��VCbAdk¡ZAwKZ´µ�bAZA��`adf_Rc#�
c'ZAifwG`aZAifwJifZAwJ�'i�VC\Rdf_R\RYaVCc'dS`aZAw 0/ifZAwJ\RYaVCc'_#X'df_RY[dS`aZAwqZ�`$ifZAwGX'df_RY[dS`aZAw 0�ifZAwJX'd�VC�-VCw[ZAwJ_Rg�X'ZAwJ�-if_Rc'w�¡V
nydfch^ZAYaVCif_R\RdfZ~VCw[w[ZA±�ºCVCY[d�VC�'ifZ~noVCdfwhX'_Rc=`KifZvny_#X'ZvX?j V<¬yZAg'Y[ZAnyZAc=`~Z�`Ki�Vqbz�'dfnydfZvw[_Rc=`K�-VCY¸`adfbAg'ifdfZAY[w
Z�`xe+g'd/w[_Rc=`x�'Y[_R�-VC�'ifZAnyZAc=`~X?j _RY[df\Rdfc'ZI�=�#X'Y[_C`a�'ZAY[noVCifZCQ

�$	���� s#QSP ���)µ�ZAny�'ifZqX'Zq�-if_Rc�`aZAi�e+g?j dfi"w[Zq�'Y#^ZAw[ZAc=`aZJifZq�'ifg'wxw[_Rg�ºRZAc=`�w[g'YxifZ]`aZAY[YaVCdfc �*noVCw[w[dS��X'Z
°vVN�#i�VN�#c0 �#g'iS`zVCc-V<`~X?jmlInoVCc �´Q
Th_Rny��`aZ!`aZAc+g�X'g c'_RnJ�'Y[Z{X?jM^ZAbz�-VCc=`adfifif_Rc'w�^Z�`ag'X'd�^ZAw 0hdfivc?j V��-VCw ^Z�`�^Z{�3_Rw[w[df�'ifZ�X'Z!��VCdfY[Z�g'c

bA_Rny��`zVC\RZ�X'Z��3_Rdfc=`awKw¸�#w¸`�^ZAnoV<`adfe+g'Z]�3_Rg'YKbNVCifbAg'ifZAYKifZAwK�'Y[_R�3_RY¸`adf_Rc'wWny_#X-VCifZAw 0�bAZ�`aYaVNºCVCdfi?VCg'YaVCdS`
^Z�`�^Z�ZAc�Z�¿¶Z�`y�'dfZAc�`aY[_R��if_Rc'\ X-VCc'wyifZ�bNVCX'Y[Z�X?j g'c'Z�`a�?¡ZAw[ZCQh��_Rg'YybAZAY¸`zVCdfc'w�^ZAbz�-VCc=`adfifif_Rc'w ��X'ZAw
`aY[_#b�`a_RifdS`aZAwKZ�`x\=VC�'�'Y[_Rw$¡V¤_RifdSº#dfc'ZIX'g�noVCw[w[dS�)X'Z �#g'noV�j dfi?ZAc��-VCY¸`adfbAg'ifdfZAY � hZAc'_RdS`(0/P-���=r��:hZAc'_RdS`
Z�`~VCikQ 0¶P-����� �.hZAc'_RdS`KZ�`~VCikQ 03P-���������oifZAwWny_#X'ZAwW_Rc=`�^Z�`�^Z�bNVCifbAg'i�^ZAwhZAc�g�`adfifdfwaVCc=`hifZAwWbA_Rny�3_Rw[dS`adf_Rc'w



¢ "�D��y,"�#(�£?,"�#�¤ JH�=1�>��¥�5�*B3>��¤;RB3>�;R�+4<>"%->3�8(*�#�¤9:B/ "�#�¤ ¨L %����#,"45�#9:�#>3�8 "�#�$1�(*B3>�� � D

,u��8Þ®T*+�������1#�&�V�"% !#�Ç'�% �\�&���B'����&�D�?��'�����% �"�æ'��
*I�#�"��% ºv'��3²>��*I��4 % �

,-$8 ��% � !#�x'�% �\�&�:'����&�^�?��)&���"������"1#% �"�A'���*I�#�"��% º
'��.²���*I�#'

�$	���� s#Qms��8½¾ny�'Y#^ZA\Rc-V<`adf_Rc'wKX'dS¿¶g'w[ZAw~X-VCc'w~ifZAw~�h^ZAY[dfX'_C`adS`aZAwKX?jmlInoVCc?Q

ZAc�^ZAi�^ZAnyZAc=`awGnoV��[ZAg'Y[wJ_R��`aZAc+g'ZAw¤w[g'YJY[_#bz�'Zo`a_C`zVCifZ ¡V!ikj ½¸TW�)�3�3�:X?j g'c'Z8�-VCY¸`$Z�`$w[g'YJnydfch^ZAYaVCg#µ
w#^ZA�-VCY#^ZAw8¡V�i�V8nydfbAY[_Rw[_Rc'X'Z�^ZAifZAb�`aY[_Rc'dfe+g'ZJX?j VCg�`aY[Z¤�-VCY¸`NQ���VCdfwIX'Z¤i�Vy��V��bA_Rc i�V8�'ifg'w�\)^ZAch^ZAYaVCifZ�0?ifZAw
�'Y[_R�3_RY¸`adf_Rc'w?ny_#X-VCifZAw?_Rc=`�^Z�`�^Z¨ZAw¸`adfn�^ZAZAw/w[g'Y"i�VCnyZAw?nydfc'bAZAw?ZAc=`aYaV-9<fc-VCc=`"g'c'Z¨ZAY[Y[ZAg'Y"�'Y[_R�-VC�'ifZAnyZAc=`
�'Y[_#bz�'Z]X'Z¤P�� 
 ¡V�P5» 
8Q
²�VCc'wI`a_Rg'wIifZAw!^ZAbz�-VCc=`adfifif_Rc'w 03ikj VCiS`�^ZAYaV<`adf_Rc�ZAw¸`]Z´µ#`aY 9ZAnyZAnyZAc=`�ºCVCY[d�VC�'ifZ�03ZAififZG�3ZAg�`]bA_Rc'bAZAY[c'ZAY

g'c'Z�w[ZAg'ifZ�_Rg�i�Vq`a_C`zVCifdS`�^ZxX'ZAw~�'�-VCw[ZAw~Z�`WºCV$X'Z]� 
�¡V8P��R� 
8Q'}�j _RifdSº#dfc'Zv�'Y#^ZAw[ZAc=`aZq\)^ZAch^ZAYaVCifZAnyZAc=`
g'c'ZGw[ZAY[�3ZAc=`adfc'dfwaV<`adf_Rc��'ifg'w~_Rg�ny_Rdfc'w~�3_Rg'w[w#^ZAZ�03i�V¤w[ZAY[�3ZAc=`adfc'ZGbAY[dfw¸`zVCififdfwaVCc=`KX-VCc'wvX'ZAwx�*YaVCb�`ag'Y[ZAw
X'ZKX'ZAw�_RifdSº#dfc'ZAwAQC}/ZAw��'i�VC\Rdf_#bAi�VCw[ZAw�w[_Rc=`¨�'ifg'w�YaVCY[ZAnyZAc=`¨VCiS`�^ZAY#^ZAw 0Cif_RY[w[e+g'ZKbCj ZAw¸`¨ifZWbNVCw 0Cikj VCiS`�^ZAYaV<`adf_Rc
wAj Z´µ��'Y[dfnyZh\)^ZAch^ZAYaVCifZAnyZAc=`)�-VCY�g'c'ZWVCif�'dS`adfwaV<`adf_Rc]VCg#µq�3_RY[X'g'Y[ZAw)X'ZhbAZAw�nydfch^ZAYaVCg#µ¶Q5²IZhi�VK`aY#^ZAny_RifdS`aZ
Z�`´³<_RgoX'ZIikj VCb�`adfc'_RifdS`aZWY#^ZAw[g'iS`zVCc=`hX'Zvikj VCiS`�^ZAYaV<`adf_Rc¤X'ZAwh�=�#Y[_Nµ¶¡ZAc'ZAwxVC�'�-VCYaVCdfw[w[ZAc=`Ww[_Rg�ºRZAc=`KZAc8�3_Rg'YM�
`a_Rg'YhX'ZIbAZAwWnydfch^ZAYaVCg#µ10#if_RY[w[e+g'Zvikj �=�#X'YaV<`zV<`adf_RcoZAw¸`K�'ifg'w��*_RY¸`aZ�0#ifZvY[ZAny�'i�VCbAZAnyZAc=`hX'ZAwK�=�#Y[_Nµ¶¡ZAc'ZAw
�-VCYWikj VCny�'�'df�3_RifZKw[Zv��VCdS`WX-VCc'wWi�VqnoVCw[w[ZIZ�`Kikj VCc-VCiS�#w[ZvX'Z�bAZ�`[`aZI�'�-VCw[Z�X'Z�º#dfZAc=`Kdfny�3_Rw[w[df�'ifZCQ+¯�_Rg#�
`aZ��*_Rdfw 0'bAZ�`[`aZ{^Z�`ag'X'Zqc'Z�wAj dfc=`�^ZAY[ZAw[w[ZGe+g'Z�`aYA¡ZAw~w[g'bAbAdfc=`aZAnyZAc=`IVCg#µ�n�^ZAbNVCc'dfw[nyZAwKX'Z]ikj VCiS`�^ZAYaV<`adf_RcoZAc
bA_Rc'w#^ZAe+g'ZAc'bAZ{X'Z�e+g'_Rd 0¨ifZAwyX'ZAw[bAY[df��`adf_Rc'wye+g'd~w[g'dSºRZAc=`8wAj ZAc�`adfZAc'c'ZAc=`8w¸`aY[dfb�`aZAnyZAc=`8VCg#µ �'�-VCw[ZAw
noVC\RnoV<`adfe+g'ZAw~Z�`vc'ZG�'Y[ZAc'c'ZAc=`��-VCwxZAc!bA_Rny��`aZqifZAwxnydfch^ZAYaVCg#µ�X?j VCiS`�^ZAYaV<`adf_Rc?Q-��_Rg'YvifZAwxe+g'ZAife+g'ZAw
^ZAbz�-VCc=`adfifif_Rc'w]`a_C`zVCifZAnyZAc=`JVCiS`�^ZAY#^ZAw 0)VCg'bAg'c'Z8X'ZAw[bAY[df��`adf_Rc�c'dhVCc-VCiS�#w[Z8c?j V��'dfZAc#�¾w�9g'Yq�'g 9Z�`aY[Zo�3_RwM�
w[df�'ifZ�05ch^ZNVCc'ny_Rdfc'w 0�bAZAw�bNVCw�w[_Rc=`)`aYA¡ZAw)nydfc'_RY[dS`zVCdfY[ZAw 0Ac'_C`aY[ZhXh^ZAnoVCY[bz�'ZWVN�=VCc=`G^Z�`�^ZhX?jM^Z�º#dS`aZAY�ifZAw�±A_Rc'ZAw
VCiS`�^ZAY#^ZAZAwqif_RY[w]X'ZoikjM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZ$Z�`GX'_Rc'b�0��3_Rg'Y]i�V�noV��[_RY[dS`�^Z$X'ZAw:^ZAbz�-VCc=`adfifif_Rc'w 0?ikj VCiS`�^ZAYaV<`adf_Rc
Y[ZAw¸`aZ8w[g �yw[ZAnyZAc=`J��VCdf�'ifZ¤�3_Rg'YG�3ZAY[nyZ�`[`aY[Zyg'c'Z8X'ZAw[bAY[df��`adf_Rc�VCg'w[w[dhbA_Rny�'ik¡Z�`aZye+g'Zo�3_Rw[w[df�'ifZyX'ZAw
i�VCnyZAwKnydfc'bAZAwAQ

� ��� �,�!��$�� �!��� �#���� ���*�� ��� �&� ����� ��
 �!�	� �&$ ��� +-� �!���&� ' ���
	
� ����
��+-��� �#�!����� $ ��� �

¡� ikj V<¬yZAg'Y[ZAnyZAc=`KifZAw��-if_Rc'wWw[ZI�'Y#^ZAw[ZAc=`aZAc=`vX'ZIX'dSºRZAY[w[ZAwKnoVCc'dk¡ZAY[ZAwhX'_Rc=`Ki�VG�'ifg'whbA_Rg'YaVCc=`aZ�ZAw¸`



�§¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8 �L�����"% � � ���v'�% �\�&������íC*I�#�"��% º$'��7²>��*I��4 % �L,u»:*+�"%Jí
��½#½�#8

,-$8:¯()����&���L�$����/0!#�?������í>*I�#�"��% º9'���µE�&%>)��

�$	���� s#Q � ���)µ�ZAny�'ifZAw~X'Z]bz�'ZAc-VCg#µ�X'dS¿¶g'wAQ

g'c{ZAw[�-VCbAZJZAc=`aY[ZJX'ZAg#µ{�'i�VCc'wvX?jM^ZAbNVCY¸`aZAnyZAc=`IºCVCY[d�VC�'ifZ�`aYA¡ZAwvº#dfw[df�'ifZqZ�`�bA_Rc=`adfc+g!X-VCc'wIifZq�-VN�#waVC\RZ
�¥ºR_RdfYJ�-\Rg'Y[Z!s#QSP��´Q�}/Z�bA_Rc=`zVCb�`yZAc=`aY[Z��-if_Rc ¡V ikj ZAc'bNVCdfw[waVCc=` �*\)^ZAch^ZAYaVCifZAnyZAc=`yX'Z�i�V{�-VCY[±A�'g'Y[\RdS`aZ�0
�-VCY¸�*_Rdfw?X'Z¨i�VKX'g'c'dS`aZ �¶ZAw¸`"�*YaVCc'bCQ<ThZ�`¾�#�3Z¨X'Z¨ny_#X'Z�X?j V<¬yZAg'Y[ZAnyZAc=`)w[ZAYaV~w[dfny�'ifZAnyZAc=`/Xh^ZAw[df\Rch^Z¨�-VCY
i�VJw[g'dS`aZ��-VCYKifZ�ny_C` 1�(*B3>�� Q-}/ZAwK�-if_Rc'w~V<`[`aZAdf\Rc'ZAc=`~�-VCY¸�*_RdfwWg'c'Z]�'g'dfw[waVCc'bAZ]X'Z]�'ifg'w[dfZAg'Y[wKn�¡Z�`aY[ZAw
ºR_RdfY[Z�X'Z��'ifg'w[dfZAg'Y[woXh^ZAbNVCn�¡Z�`aY[ZAw�¡V�`aZAix�3_Rdfc=`oe+g'Z!ifZAw ^ZA�3_Rc=`aZAw8�3ZAg�ºRZAc=`�c?j 9Z�`aY[Z��'ifg'wyº#dfw[df�'ifZAwAQ
²�VCc'wvX?j VCg�`aY[ZAwIbNVCw 0¶ifZq�-if_Rc!�'Y[ZAc'X{g'c'ZG�*_RY[nyZq�-V<`zV<`a_-; <fX'ZqwaVCc'w�_RY[dfZAc=`zV<`adf_Rc��-VCY¸`adfbAg'ifdk¡ZAY[Z�0§X-VCc'w
bAZAwxX'ZAg#µ�bNVCw 0§_Rc��-VCY[ifZAYaV$X?j ��>3��4<,��N�*B3>�� Q
²Jj VCg�`aY[ZAw/ny_#X'ZAw/X?j V<¬yZAg'Y[ZAnyZAc=`�Z´µ�dfw¸`aZAc=`(0�dfifw¶w[_Rc=`"�'dfZAc]ny_Rdfc'w¶bA_RnynJg'c'w/noVCdfw¶dfifw?Xh^Z��-c'dfw[w[ZAc=`

bAZAY¸`zVCdfc'ZAw)��VCnydfififZAw"X'Zh��VCbAdk¡ZAw�Xh^ZAbAY[dS`aZAw�X-VCc'w�i�Vvw[g'dS`aZCQC½¾ifw)w[_Rc=`¨bNVCYaVCb�`�^ZAY[dfw#^ZAw��-VCY)X'ZAw�bA_Rc=`zVCb�`aw��'Y[_<�
\RY[ZAw[w[dS�*w"VNºRZAb�ikj ZAc'bNVCdfw[waVCc=` �¥�-\Rg'Y[ZAw)s#QmsWZ�`)s#Q ���´QN²Ig]�'i�VC\Rdf_#bAi�VCw[Z�Z�`´³<_Rg]X'g]�=�#Y[_Nµ¶¡ZAc'ZhVC�'�-VCYaVCdfw[w[ZAc=`
�'Y[_R\RY[ZAw[w[dSºRZAnyZAc=`GX-VCc'w]i�V8�h^ZAY[dfX'_C`adS`aZ�0?ifZAg'Y�bA_Rc'bAZAc=`aYaV<`adf_Rc�Y[ZAw¸`aZ¤`a_Rg5�[_Rg'Y[w�Y[ZAi�V<`adSºRZAnyZAc=`���VCdf�'ifZ
X'_Rc'c-VCc=`IX'ZAw�^ZAbz�-VCc=`adfifif_Rc'wK`a_Rg5�[_Rg'Y[wxY[dfbz�'ZAwxZAc!_RifdSº#dfc'Z�noVCdfw~ZAififZ��3ZAg�`Iny_Rc=`aY[ZAY~X'ZAwxºCVCY[d�V<`adf_Rc'w
e+g'd-�3ZAY[nyZ�`[`aZAc=`hX'Z~X'dfw¸`adfc'\Rg'ZAY�e+g-V<`aY[ZK`¾�#�3ZAw�X'Zxny_#X'ZAw�X?j V<¬yZAg'Y[ZAnyZAc=`NQ#}/_RY[w[e+g'Zxi�V�bA_Rc'bAZAc=`aYaV5�
`adf_Rc�X'Zqnydfch^ZAYaVCg#µ�X?j dfny�'Y#^ZA\Rc-V<`adf_Rc�Y[ZAw¸`aZq\Rif_R�-VCifZAnyZAc=`K`aYA¡ZAw~��VCdf�'ifZ�0'dfi/w[Z]�*_RY[nyZ]g'c'Z �~�3_#bz�'Z 

X-VCc'wJi�V��h^ZAY[dfX'_C`adS`aZ �¥�-\Rg'Y[Z�s#Qms � ��� �]waVCc'wJ�*_RY[nyZoXh^Z��-c'dfZ8c'dh±A_Rc'Z8_/¡g�_Rc��3ZAg�`$Xh^Z��-c'dfYGg'c'Z�ifd �
`a�'_Rif_R\RdfZxX'Z�bAg'nJg'i�V<`W�'Y[_R�'Y[ZAnyZAc=`KX'dS`aZ
��bAZ�ny_#X'ZvX?j V<¬yZAg'Y[ZAnyZAc=`xXh^Z��-c'dS`KifZAw ��96��4�H�+23>"%��5�*B3>��
 �����,��A�#� Q"²�VCc'w�ifZAwqVCg�`aY[ZAw]bNVCw 0/_Rc _R�'w[ZAY¸ºRZyg'c'ZyVCg'\RnyZAc=`zV<`adf_Rc{X'Z¤i�V8bA_Rc'bAZAc=`aYaV<`adf_Rc \Rif_R�-VCifZ
X'ZInydfch^ZAYaVCg#µydfny�'Y#^ZA\Rc-VCc=`aw�X'ZA�'g'dfwWifZx�3_RY[X]�[g'w[e+g?j VCg�bAZAc=`aY[Z�X'go�-if_Rcow[g �ywaVCnynyZAc=`W�*_RY¸`aZv�3_Rg'Y
�3_Rg�ºR_RdfY)Xh^Z��-c'dfY�g'c'ZW±A_Rc'ZWbAg'nJg'i�V<`NQ��#ZAif_RcJi�Vx�*_RY[nyZhX'gJ�-if_Rc0<_RcJ�-VCY[ifZAYaVIVCif_RY[w)X'Z 1�(*B3>��v �����,��
�*dfi?��Vy_RY[dfZAc=`zV<`adf_Rc�X-VCc'wxg'c'ZqX'dfY[ZAb�`adf_Rc��'Y#^Z���^ZAY[ZAc=`adfZAififZ�0'�-\Rg'Y[ZJs#Qms ��
�� � 0-X'Z (*�#>3�5��(�(*�#�$ �����,��A�#�
�*�-VCwIX?j _RY[dfZAc=`zV<`adf_Rc!X-VCc'w�g'c'ZJX'dfY[ZAb�`adf_Rc!�'Y#^Z���^ZAY[ZAc'bAdfZAififZ �~_Rg{X'Z ;<¦"�#>"%-,/. ���+4<;RB3(*%->3�5� �¥�-\Rg'Y[Z
s#Q ���´Q
��c��-c0?dfi)Z´µ�dfw¸`aZJg'c ny_#X'ZGX?j V<¬yZAg'Y[ZAnyZAc=`]�'Y[_R�'Y[Z¤VCg#µ!�=�#Y[_Nµ�^ZAc'dS`aZAw]_/¡g!X'ZAw��=�#Y[_Nµ¶¡ZAc'ZAwGVC�#�

�-VCYaVCdfw[w[ZAc=`IX'Zq��V��bA_Rc�X'dS¿¶g'w[ZGX-VCc'wvi�V¤�h^ZAY[dfX'_C`adS`aZ]w[ZAif_Rc!g'c!�'i�VCc�bA_Rc'bA_RY[X-VCc=`�VCg!ifdS`zVC\RZ�X'ZGikj ZAc#�



¢ " ¢ �¨�#� 0 45B/;C��B3(��¥���#� �*�

,u��8 ëE����% �"� À�Ì���?��1#% !�/0�?�#��� ,C���/�)&�����"% � � !#�
½#½ 	�����#§�8

,-$8 ëE����% �"�éÀ�����?��1#% !�/0�?�#�����0� /0� % ��!#�>=>�"!C¿�À�����
,C���/�)&�����"% � � !#��½#½�	���ê>� �08

�$	���� s#Q � � +§VCbAZAwWw[bAd�^ZAZAwhX'ZIX'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w�X'ZvX'g'c'dS`aZxdfny�'Y#^ZA\Rch^ZAZvX'g8noVCw[w[dS�/X'ZI°xdfiS`ad-_/¡go_Rc
_R�'w[ZAY¸ºRZqifZ�bNVCYaVCb�`N¡ZAY[Zq�  ]bAdfifdS`adfe+g'ZvX'ZAw~�'i�VC\Rdf_#bAi�VCw[ZAwWZ�`´³<_Rg�X'ZAw~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ

bNVCdfw[waVCc=` �¥�-\Rg'Y[ZAwvs#QmrC|$Z�`Is#QSPRP���� 0'bAZAi�V$Xh^Z��-c'dS`~ifZAw 4<,"&�%->"�#9:�#>3�5� Q

� ��� � �����%
� ������$��*�����

²IZ$`a_Rg'w]ifZAw�\RY[_Rg'�3ZAw]ifdS`a�'_Rif_R\Rdfe+g'ZAw 03ifZAwI`aY[_#b�`a_RifdS`aZAwI�'Y#^ZAw[ZAc=`aZAc=`JifZAw]ny_#X'ZAw�X?j V<¬yZAg'Y[ZAnyZAc=`
ifZAw��'ifg'w�ºCVCY[d�^ZAw 05X'ZA�'g'dfw)ifZAw��-if_Rc'wK¡VxbA_Rc=`zVCb�`aw)�*YaVCc'bAw�VNºRZAbWikj ZAc'bNVCdfw[waVCc=`-�[g'w[e+g?j VCg#µJdfny�'Y#^ZA\Rc-V<`adf_Rc'w
bA_Rny�'ik¡Z�`aZAnyZAc=`�X'dS¿¶g'w[ZAw¨ZAco�-VCw[waVCc=`h�-VCY�`a_Rg'w�ifZAw¨dfc=`aZAY[n�^ZAX'd�VCdfY[ZAw��3_Rw[w[df�'ifZAw¨X'Z~�-if_Rc'wI¡V�bA_Rc=`zVCb�`aw
X'dS¿¶g'wAQ�}"V��*_RY[nyZ�X?j V<¬yZAg'Y[ZAnyZAc=`�i�V �'ifg'wybA_Rg'YaVCc=`aZ�ZAw¸`�bAZAififZ�X'Z��-if_Rc �¥�-\Rg'Y[Z{s#Q ���$noVCdfw¤ifZAw
�*_RY[nyZAwKX'dS¿¶g'w[ZAw 0-�'dfZAc�e+g'Z]nydfc'_RY[dS`zVCdfY[ZAw 0#w[_Rc=`xif_Rdfc�X?j 9Z�`aY[Z]ch^ZA\Rifdf\RZNVC�'ifZAwAQ
}/ZAw~bAY[dS`N¡ZAY[ZAwWX'ZI`aZAY[YaVCdfc�Z�`~�h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAwKc'_Rg'wK_Rc=`~VCnyZAch^Zo¡VJw[g'�3X'dSº#dfw[ZAYKifZAwh��VCbAdk¡ZAwh`aY[_#b´�

`a_RifdS`adfe+g'ZAwGZAc�`aY[_RdfwJw[_Rg'wM�¾\RY[_Rg'�3ZAw��)g'c��'Y[ZAnydfZAYJw[_Rg'wM�¾\RY[_Rg'�3Z�e+g'dKw[Z��'Y#^ZAw[ZAc=`aZ�`a_Rg5�[_Rg'Y[w$w[_Rg'w
�*_RY[nyZGX?j dfny�'Y#^ZA\Rc-V<`adf_Rc'wxX'dS¿¶g'w[ZAwIw[g'YIifZq`aZAY[YaVCdfc!Z�`�X'ZAg#µ{VCg�`aY[ZAw�\RY[_Rg'�3ZAw �¥`aY[_#b�`a_RifdS`aZAw~Z�`I`aY[_#b´�
`a_RifdS`aZAwq¡V$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw �Ke+g'd"V<¬yZAg'Y[ZAc=`vw[_Rg'wK�*_RY[nyZIX'Z��-if_Rc'wG¡V¤bA_Rc=`zVCb�`aw~c'Z�`aw~_Rg�X'dS¿¶g'w~VNºRZAb
ikj ZAc'bNVCdfw[waVCc=`xZ�`~e+g'd"w[Z]X'dfw¸`adfc'\Rg'ZAc=`~�-VCY~ifZAg'Y[wKbA_Rny�3_Rw[dS`adf_Rc'wWnydfch^ZAYaVCif_R\Rdfe+g'ZAwAQ

� � � ��� � ��� � 9 �0 ���� 	�� 0 � ;�8 �� 7 � 9 	:065 � ��� 9 8���2 � 8:7@0
	 ��� � 	�� ��� 0
	 ��� �9
	 469��
7@065��469 �.� � 	�� 5 �� 430 � 5@; �,8:5 � �� ���

�¨�#�y9:B/ "�#�y ¨L %����#,"45�#9:�#>3�
½¾ifw¤w[Z��'Y#^ZAw[ZAc=`aZAc=`8`a_Rg5�[_Rg'Y[w¤w[g'Y¤ifZ8`aZAY[YaVCdfc�w[_Rg'w¤�*_RY[nyZ�X?j dfny�'Y#^ZA\Rc-V<`adf_Rc'wJX'dS¿¶g'w[ZAw¤�-VCY¸�*_Rdfw

�'ifg'wv_Rg!ny_Rdfc'wxYaVCw[w[ZAnJ�'i�^ZAZAw�ZAc{�3_#bz�'ZAw �¥�-\Rg'Y[ZAw]s#QmsyZ�`]s#Q ���´Q?ThZAw�dfc=`aY[g'w[df_Rc'wvw[_Rc=`!^ZA�-VCdfw[w[ZAwIX'Z
e+g'ZAife+g'ZAw8bAZAc=`adfn�¡Z�`aY[ZAw ¡V�e+g'ZAife+g'ZAw8n�¡Z�`aY[ZAw 0�i�V{`zVCdfififZ�i�V �'ifg'wybA_RnynJg'c'Z�^Z�`zVCc=`oX'Z�ikj _RY[X'Y[Z�X'Z
e+g'ZAife+g'ZAwxbAZAc=`adfn�¡Z�`aY[ZAwAQ§}/ZAg'YxVC�3_Rc'X-VCc'bAZ]w[g'YKikj V<¬yZAg'Y[ZAnyZAc=`xZAw¸`~`a_Rg5�[_Rg'Y[wKY[ZAi�V<`adSºRZAnyZAc=`K��VCdf�'ifZ�0



� 2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8�
E���"������"1#% �"�EÀ�G���?��1#% !�/0�?�#�����0��/0� % ��!#�>=>�"!C¿�À�����#í
���/�)&�����"% � � !#��½#½�	���ê>� �

,-$8�ëE����% �"� À� ���?��1#% !�/0�?�#���Ç�0�Ç/0� % ��!#�>=>�"!C¿�À�����#í
���/�)&�����"% � � !#��½#½ 	��IÐ���§

�$	���� s#Qm»��8²IZAg#µ�i�VCnyZAwWnydfc'bAZAwh��VCdS`aZAwWX-VCc'w~X'ZAw�^ZAbz�-VCc=`adfifif_Rc'whX'g�noVCw[w[dS��X'Z]°xdfiS`ad3ny_Rc=`aYaVCc=`KifZ
bNVCYaVCb�`N¡ZAY[ZI�  ]bAdfifdS`adfe+g'ZAw�X'ZAwW�'i�VC\Rdf_#bAi�VCw[ZAw�Z�`WX'ZAwKbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ-}/ZAwW_RifdSº#dfc'ZAwhVC�'�-VCYaVCdfw[w[ZAc=`KZAc
bAY[dfw¸`zVCg#µ�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwAQ§}/g'nydk¡ZAY[Zv`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�0'c'dfbA_RifwWbAY[_Rdfw#^ZAwAQ

_Rc�ifZAwG`aY[_Rg�ºRZ8ifZo�'ifg'wJw[_Rg�ºRZAc=`¤ZAc�dfc=`aY[g'w[df_Rc�dfw[_Ri�^ZAZ�0��-VCY¸�*_RdfwqbAZ�w[_Rc=`$X'ZAg#µ�_Rg�`aY[_RdfwGbz�'ZAc-VCg#µ
�3ZAY[bA_Ri�VCc=`aw��-VCYaVCifik¡ZAifZAwAQ/ThZAw]��VCbAdk¡ZAw�w[_Rc=`qY[ZAi�V<`adSºRZAnyZAc=`]bA_RnynJg'c'w�X-VCc'w]ifZAw�noVCw[w[dS�*w�X'Z �#g'noV�j dfi
Z�`$X'Z�°xdfiS`ad 0"_Rc�ifZAwG`aY[_Rg�ºRZ�VCg'w[w[d 0)noVCdfwG�'ifg'wJYaVCY[ZAnyZAc=`(0)X-VCc'w$ifZAwJnoVCw[w[dS�*wJX'Z ��VCnoVCX�Z�` �vV5�
&+�'i 0WdfifwoY[ZA�'Y#^ZAw[ZAc=`aZAc=`!g'c���VCbAdk¡ZAw�VCw[w[ZA±��3ZAg �*Y#^ZAe+g'ZAc=`�X'Z!`aY[_#b�`a_RifdS`aZAw �*g'c'Z{`aY[ZAc=`zVCdfc'Z{w[g'Y�ifZAw
P5s<�p^ZAbz�-VCc=`adfifif_Rc'wJ�'Y#^ZAifZ�º¨^ZAw �´QhTh_Rny��`aZ�`aZAc+g X'Z�ifZAg'Y$ny_#X'Z�X?j V<¬yZAg'Y[ZAnyZAc=`(0¨dfiWZAw¸`yX'd�ybAdfifZ8X'Z
Xh^Z�`aZAY[nydfc'ZAY~ikj _RY[dfZAc=`zV<`adf_Rc�X'ZqbAZAwx`¾�#�3ZAwvX'Zqw¸`aY[g'b�`ag'Y[ZAwAQ/lIc�Vych^ZNVCc'ny_Rdfc'w~�'g�nyZAw[g'Y[ZAYxg'c��'i�VCc
X-VCc'w~g'c'Z]X'df±NVCdfc'Z�X'Z]bNVCw �¥ºR_RdfYW�-\Rg'Y[ZGs#QSP5s��´Q

�¨�#�y;R%'45%-;C� ��+45�#� �$H�=��45B§2§45% �)¦���£?,"�#�
��c:i�VCnyZJnydfc'bAZ�0?bAZAw]��VCbAdk¡ZAw]�'Y#^ZAw[ZAc=`aZAc=`Jg'c'Z¤`aZ´µ#`ag'Y[ZyX'Zyn�^ZAw[_#bAg'nJg'i�V<`��{X'Zo»:¡V�sR» 
 X'Z

nydfch^ZAYaVCg#µ dfc=`aZAY[w¸`adS`adfZAifw �*½¾Y¸º#dfc'Z�0IP-�R|=s�� ��_Rg�X?j _RY¸`a�'_#bAg'nJg'i�V<`����'ifg'w�X'Z�sR» 
 X'Z noV<`�^ZAY[dfZAi
dfc=`aZAY[w¸`adS`adfZAi �!bA_Rc=`aZAc-VCc=`qX'ZAwq±A_Rc'ZAw]�'ifg'w�_Rg ny_Rdfc'wIY[ZAbAY[dfw¸`zVCififdfw#^ZAZAwAQ/ThZAw ^ZAbz�-VCc=`adfifif_Rc'wIw[_Rc=`qbNV5�
YaVCb�`�^ZAY[dfw#^ZAw¨�-VCY�g'c'ZKny_RY[�'�'_Rif_R\RdfZhw[g'�#�MVCg�`a_Rny_RY[�'�'ZG¡V�VCg�`a_Rny_RY[�'�'ZKX'ZAw¨_RifdSº#dfc'ZAw�Z�`�µ�^ZAc'_Rny_RY[�'�'Z
�  ]bAdfifdS`adfe+g'ZKX'ZAwh�'i�VC\Rdf_#bAi�VCw[ZAw��¤Z�`hX'ZAwhbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwhe+g-VCc'X8bAZAg#µ+�¾bAd¶w[_Rc=`h�'Y#^ZAw[ZAc=`aw �¤Xh^Z¾�5¡V]º#d �
w[df�'ifZAw�noVCbAY[_Rw[bA_R�'dfe+g'ZAnyZAc=`�w[g'Y)ifZAwq^ZAbz�-VCc=`adfifif_Rc'w �¥�-\Rg'Y[ZAw�s#Q � 0Rs#Q �vZ�`¨s#Qm»��´QC²�VCc'w�bAZAY¸`zVCdfc'ZAw)±A_Rc'ZAw
X'Z$bAZAw]i�VCnyZAw �¥�-\Rg'Y[Zys#Q ��� 0¶_Rc _R�'w[ZAY¸ºRZ¤X'ZAw]bA_Rc=`zVCb�`aw��'i�VCc'w�ZAc=`aY[Z$nydfch^ZAYaVCg#µ!Z�`]X'ZAwh�[_Rc'b�`adf_Rc'w
`aY[df�'ifZAw�¡V�P5sC��� 0�bAZ�w[_Rc=`¤X'ZAwy±A_Rc'ZAw¤Y[ZAbAY[dfw¸`zVCififdfw#^ZAZAwJnoVCdfwGZAififZAw$Y[ZAw¸`aZAc=`yif_#bNVCifdfw#^ZAZAwJZ�`¤_#bAbAg'�3ZAc=`
g'c'Z���VCdf�'ifZ�w[g'Y¸��VCbAZ�X'ZAw�^ZAbz�-VCc=`adfifif_Rc'wAQ¨}�j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�ZAw¸`8VC�'w[ZAc=`oX'ZAwoX'g'c'dS`aZAw¤dfny�'Y#^ZA\Rch^ZAZAw
noVCdfwGX-VCc'w$ifZobNVCw$X?j dfny�'Y#^ZA\Rc-V<`adf_Rc:X-VCc'w$i�V��-VCY[±A�'g'Y[\RdS`aZ�0)dfihZAw¸`¤�'Y#^ZAw[ZAc=`yw[_Rg'wJ�*_RY[nyZoX'Z�bAY[dfwM�
`zVCg#µ�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwIZAc!dfc'bAifg'w[df_Rc�X-VCc'wIifZAwv�'i�VC\RZAwxX'ZJ�'i�VC\Rdf_#bAi�VCw[Z �*Z�`´³<_Rg!bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z � 0
dfi-w[ZAnJ�'ifZ~ifZ~�'ifg'w¨w[_Rg�ºRZAc=`WbA_Rc=`aZAny�3_RYaVCdfcyX'Zxikj _RifdSº#dfc'Zhn 9ZAnyZ~wAj dfi-�3ZAg�`WVCg'w[w[d§w[Zx�'i�VCbAZAY¨X-VCc'w�X'ZAw
dfc=`aZAY[w¸`adfbAZAw�ZAc=`aY[ZxifZAw�bAY[dfw¸`zVCg#µ¤X?j _RifdSº#dfc'ZCQ=²IZAw�_R�-VCe+g'ZAwhw[_Rc=`�`a_Rg5�[_Rg'Y[w��'Y#^ZAw[ZAc=`awhZAco�3Z�`adS`aw¨\RYaVCdfc'w
w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw]e+g'd¨w[_Rc=`GZAc:dfc'bAifg'w[df_Rc{X-VCc'wqifZAw]_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwJe+g-VCc'X:bAZAwqX'ZAY[c'dfZAY[wqw[_Rc=`



¢ " ¢ �¨�#� 0 45B/;C��B3(��¥���#� � O

�$	���� s#Q � ��¯�Z´µ#`ag'Y[Z��-VCY¸`adfZAififZAnyZAc=`�Y[ZAbAY[dfwM�
`zVCififdfw#^ZAZ�X?j g'c'Z��-VCY[±A�'g'Y[\RdS`aZ ¡V�'i�VC\Rdf_#bAi�VCw[Z�0
ifZ bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�\=VCY[X'Z�w[_Rc�bNVCYaVCb�`N¡ZAY[Z:�  I�
bAdfifdS`adfe+g'ZAw �*noVCw[w[dS��X'Z
°xdfifdS`ad 0�^ZAbz�-VCc=`adfifif_Rc
������� r#P�� �´Q�}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_Rifw
bAY[_Rdfw#^ZAwAQ

9010

90

0.1

8020

80

0.2

7030

70

0.3

6040

60

0.4

5050

50

0.5

4060

40

0.6

3070

30

0.7

2080

20

0.8

1090

10

0.9

Ol + Opx Cpx

Pl 

Ol Opx

Dunites à Plagioclase et Pyroxène
Dunites à Plagioclase
Harzburgites à Plagioclase et Pyroxène
Harzburgites à Plagioclase

�$	���� s#Qmr ��²Id�VC\RYaVCnynyZ�Y[ZA�'Y#^ZAw[ZAc=`zVCc=`pifZAw
bA_Rny�3_Rw[dS`adf_Rc'w$ny_#X-VCifZAw¤X'ZAwy�-VCY[±A�'g'Y[\RdS`aZAwyZ�`
X'ZAw�X'g'c'dS`aZAwp¡V �'i�VC\Rdf_#bAi�VCw[Z Z�`´³<_Rg�bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZAX-VCc'w:ifZ�w¸�#w¸`N¡ZAnyZ �'i�VC\Rdf_#bAi�VCw[Z�����i ���
_RifdSº#dfc'Z���_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z��klIi���lI�Rµ � ��bAifd �
c'_R�=�#Y[_Nµ¶¡ZAc'Z �kTh�Rµ �´Q

�'Y#^ZAw[ZAc=`awxZ�`Kw[_Rc=`~w[_RdS`KZAc�dfc'bAifg'w[df_RcoX-VCc'wKifZAwK_RifdSº#dfc'ZAw 0#w[_RdS`Wdfc=`aZAY[w¸`adS`adfZAifwhZAc'\Rif_R�-VCc=`KifZAwW_RifdSº#dfc'ZAwAQ
½¾ifw�c?j VC�'�-VCYaVCdfw[w[ZAc=`qe+g'Z$`aYA¡ZAw]YaVCY[ZAnyZAc=`]dfw[_Ri�^ZAw�X-VCc'w�ifZAw]�'i�VC\RZAwI�  ]bAdfifdS`adfe+g'ZAwIX'Z¤�'i�VC\Rdf_#bAi�VCw[ZqZ�`
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z]noVCdfwWe+g-VCc'X�bCj ZAw¸`vifZIbNVCw 0-dfifwWw[Zq�'Y#^ZAw[ZAc=`aZAc=`vbA_RnynyZ�ifZAwK_RifdSº#dfc'ZAwWZAc�\RYaVCdfc'wWw[g'�#�
VCg�`a_Rny_RY[�'�'ZAwAQ"ThZ¤w[_Rc=`]X'ZAw]w[�'dfc'ZAififZAw�bz�'Y[_RnydS�M¡ZAY[ZAwIw[_Rg�ºRZAc=`JVCw[w[_#bAd�^ZAw8¡V8X'ZAw]w[g'iS�*g'Y[ZAw]X'Z
	��¤Z�`
X'Z���¨Z�`~�'ifg'wKYaVCY[ZAnyZAc=`J¡V$X'ZAw~dfifn�^ZAc'dS`aZAwhZ�`xX'ZAw~Y[g�`adfifZAw �¥ºR_RdfYW`zVC�'ifZNVCg�s#QSP��´Q-}/ZAw~_RifdSº#dfc'ZAwKVCdfc'w[d
e+g'ZqifZAw~VCg�`aY[ZAw~�'�-VCw[ZAwxnydfch^ZAYaVCifZAwWc'Z]�'Y#^ZAw[ZAc=`aZAc=`I�-VCw~X?jM^Z�º#dfX'ZAc'bAZGX'Z]Xh^Z��*_RY[noV<`adf_Rc?Q
}/ZAwhY[ZAi�V<`adf_Rc'w�`aZ´µ#`ag'YaVCifZAw�ZAc=`aY[ZvifZAw�X'dS¿x^ZAY[ZAc=`aZAwh�'�-VCw[ZAwhnydfch^ZAYaVCifZAw¨ny_Rc=`aY[ZAc=`hbAi�VCdfY[ZAnyZAc=`¨e+g'Z

ikj _RifdSº#dfc'Z�05ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZKZ�`¨ifZAw�_R�-VCe+g'ZAw¨w[_Rc=`�VCw[w[_#bAd�^ZAw¨VCif_RY[w)e+g'Z~ifZAw��'i�VC\Rdf_#bAi�VCw[ZAw�Z�`¨ifZAw�bAifdfc'_<�
�=�#Y[_Nµ¶¡ZAc'ZAwxw[_Rc=`~�'ifg'wh`zVCY[X'dS�*wAQ'ThZAwK��VCbAdk¡ZAwhX?j dfny�'Y#^ZA\Rc-V<`adf_RcoX-VCc'wKi�VG�h^ZAY[dfX'_C`adS`aZv�3ZAg�ºRZAc=`xY#^ZAw[g'iS`aZAY
X?j g'cJVCg�`aY[Z¨�'Y[_#bAZAw[w[g'w)e+g'Z�i�VKw[dfny�'ifZ�bAY[dfw¸`zVCififdfwaV<`adf_RcIX?j g'cqnoVC\RnoVI��ifZAw"_RifdSº#dfc'ZAw 0N_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw
Z�`x_R�-VCe+g'ZAwx�3_Rg�ºCVCc=`=9Z�`aY[Z]ifZ�Y#^ZAw[dfX'g�X'Zqi�VG�*g'w[df_Rc��-VCY¸`adfZAififZvX'g�noVCc=`aZNVCg?Q*�xc'Z]w[dfny�'ifZI_R�'w[ZAY¸ºCV5�
`adf_RcoZAc�i�VCnyZxnydfc'bAZvc?j ZAw¸`~�-VCwWw[g �ywaVCc=`aZ��3_Rg'YhXh^Z�`aZAY[nydfc'ZAYhikj _RY[df\Rdfc'Z~bAg'nJg'i�V<`adSºRZv_Rg8Y#^ZAw[dfX'g'ZAififZ
X'Z~bAZAw�nydfch^ZAYaVCg#µ10CifZAw¨bNVCYaVCb�`N¡ZAY[ZAw�X?j VCg�`a_Rny_RY[�'�'dfZW�3_Rg�ºCVCc=`,9Z�`aY[Z~V<`[`aY[df�'gh^ZAw�VCg'w[w[d-�'dfZAc!¡V]g'c'Z~�'Y[d �
ny_#bAY[dfw¸`zVCififdfwaV<`adf_Rc�e+g?j¥¡V�g'c'ZybA_RY[Y[_Rw[df_Rc�noVC\RnoV<`adfe+g'Z$X'g:nydfch^ZAYaVCi�ZAc:e+g'ZAw¸`adf_Rc � hZAY[\RZAY 0¨P-�=rC| �
�xdfbA_Ri�VCwvVCc'X{��Y[dfc'±A�'_C�*ZAY 0�P-�R|R� ��hZAY[\RZAY�VCc'X ��VCc'c'dfZAY 0"P-�R|C� � �xdfbA_Ri�VCw 0/P-�R|=»�� hZAY[\RZAY 0�P-�R|=»��´Q§½¾i
ZAw¸`JX'_Rc'byX'd�ybAdfifZ¤X'Zo�-VCY[ifZAY]X'ZobAY[dfw¸`zVCififdfwaV<`adf_Rc!Z�`GX?j _RY[X'Y[ZoX'ZybAY[dfw¸`zVCififdfwaV<`adf_Rc!�3_Rg'YqbAZAwG��VCbAdk¡ZAw 0
dfi/�3ZAg�`In 9ZAnyZ 9Z�`aY[Zq�-VCwaVCY[X'ZAg#µ!X'Zq�-VCY[ifZAYxX'ZqbAg'nJg'i�V<`NQ¶lIc��3ZAg�`Ich^ZNVCc'ny_Rdfc'w~X'_Rc'c'ZAYvg'c�_RY[X'Y[Z



�#$ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès troctolitiques (123 échantillons)

Dunites à Plagioclase et Pyroxène (8 échantillons)

Dunites à Plagioclase (7 échantillons)

Harzburgites à Plagioclase et Pyroxène (10 échantillons)

Harzburgites à Plagioclase (4 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès troctolitiques (123 échantillons)

Dunites à Plagioclase et Pyroxène (8 échantillons)

Dunites à Plagioclase (7 échantillons)

Harzburgites à Plagioclase et Pyroxène (10 échantillons)

Harzburgites à Plagioclase (4 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène         

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès troctolitiques (123 échantillons)

Dunites à Plagioclase et Pyroxène (8 échantillons)

Dunites à Plagioclase (7 échantillons)

Harzburgites à Plagioclase et Pyroxène (10 échantillons)

Harzburgites à Plagioclase (4 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Orthopyroxène          

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès troctolitiques (123 échantillons)

Dunites à Plagioclase et Pyroxène (8 échantillons)

Dunites à Plagioclase (7 échantillons)

Harzburgites à Plagioclase et Pyroxène (10 échantillons)

Harzburgites à Plagioclase (4 échantillons)

�$	���� s#Q | �G°xdfw¸`a_R\RYaVCnynyZAw�ny_Rc=`aYaVCc=`�ifZAw��*Y#^ZAe+g'ZAc'bAZAw�X'ZW�3_Rg'Y[bAZAc=`zVC\RZWZAc$�'i�VC\Rdf_#bAi�VCw[ZAw 05_RifdSº#dfc'ZAw 0
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwWZ�`h_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwKX-VCc'whifZAw¨��VCbAdk¡ZAwhX?j dfny�'Y#^ZA\Rc-V<`adf_Rc �*ZAc8Y[_Rg'\RZ �´Q#��c8\RY[dfw 0+�3_Rg'Y
bA_Rny�-VCYaVCdfw[_Rc0Rw[_Rc=`�Y[ZA�'Y#^ZAw[ZAc=`�^ZAwWikj ZAc'w[ZAnJ�'ifZ~X'ZAw¨��VCbAdk¡ZAw�`aY[_#b�`a_RifdS`adfe+g'ZAw �*�-VCY[±A�'g'Y[\RdS`aZAw¨Z�`�X'g'c'dS`aZAw
¡V$�'i�VC\Rdf_#bAi�VCw[ZvZ�`´³<_Rg�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0'`aY[_#b�`a_RifdS`aZAwWZ�`~`aY[_#b�`a_RifdS`aZAwq¡V$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �´Q



¢ " ¢ �¨�#� 0 45B/;C��B3(��¥���#� ���

,u��8"��% � !#�Þ'����&�G� ��*I�#�"��% ºv'��.µE�&%>)�� ,-$8 ��% � !#�x'����&�G� ��*I�#�"��% ºv'��3²>��*I��4 % �

�$	���� s#Q � ��²IZAg#µ�Z´µ�ZAny�'ifZAw~X'Z��-if_Rc�¡V$bA_Rc=`zVCb�`~�*YaVCc'bqVNºRZAbqikj ZAc'bNVCdfw[waVCc=`(0*�#g'iS`zVCc-V<`~X?jmlInoVCc?Q

X?j VC�'�-VCY[dS`adf_Rc:X'ZAw$bAY[dfw¸`zVCg#µ10�ikj _RifdSº#dfc'Z�0/ifZAwJ_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwyZ�`$ifZAwJ_R�-VCe+g'ZAw�^Z�`zVCc=`$º#dfw[df�'ifZAnyZAc=`
VCw[w[_#bAd�^ZAwhZ�`Wdfc'Xh^ZAc'd�VC�'ifZAnyZAc=`WVCc=`�^ZAY[dfZAg'Y[wWVCg8�'i�VC\Rdf_#bAi�VCw[ZKZ�`KVCg8bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0�Z�`WbAZ�0#e+g'ZAififZxe+g'Z
w[_RdS`~ikj _RY[df\Rdfc'ZvX'ZAw~X'dS¿x^ZAY[ZAc=`aZAwx�'�-VCw[ZAwq� ©y( ��� © �¶. #���© �¨£�� � ( ��� E=�¶. #
¯�Y[_Rdfw�_RY[df\Rdfc'ZAw¨w[_Rc=`W�3_Rw[w[df�'ifZAw��3_Rg'Y�ifZAw�_RifdSº#dfc'ZAw~�+ZAififZAw¨�3ZAg�ºRZAc=`KY[ZA�'Y#^ZAw[ZAc=`aZAYKifZxY#^ZAw[dfX'goX'Zvi�V

�*g'w[df_Rc!�-VCY¸`adfZAififZ�X'g{noVCc=`aZNVCg0 9Z�`aY[ZGifZGY#^ZAw[g'iS`zV<`vX'ZJi�VybAY[dfw¸`zVCififdfwaV<`adf_Rc�X?j g'c!noVC\RnoV¤_Rg!Y#^ZAw[g'iS`aZAY
X'ZKi�Vv�*g'w[df_Rc$dfc'bA_Rc'\RY[g'ZAc=`aZKX'ZAw¨_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw �k«Ig'dfb)&*0�P-�R|�P��´QR²�VCc'w�`a_Rg'w�ifZAw�bNVCw 0RifZAw�X'_Rc'ch^ZAZAw
`aZ´µ#`ag'YaVCifZAw)ZAcJi�VCnyZ¨nydfc'bAZ¨Z�`�w¸`aY[g'b�`ag'YaVCifZAw)w[g'Y)ifZ¨`aZAY[YaVCdfcGc'Zhw[_Rc=`��-VCw�w[g �ywaVCc=`aZAw��3_Rg'Y�`aYaVCc'bz�'ZAY
ZAc=`aY[Z~bAZAw�X'dS¿x^ZAY[ZAc=`aZAw�_RY[df\Rdfc'ZAw��3_Rw[w[df�'ifZAw 0Ri�VIbA_Rny�3_Rw[dS`adf_RcJbz�'dfnydfe+g'ZKX'ZAw�nydfch^ZAYaVCg#µJ�3_Rg'Y[YaV��3ZAg�`
9Z�`aY[ZqVC�'�3_RY¸`aZAYKX'ZAwx�'Y#^ZAbAdfw[df_Rc'wKw[g'YxbAZ]�3_Rdfc=` �¥ºR_RdfYKbz�-VC�'dS`aY[Z]���´Q
}"Vx`zVCdfififZ�X'ZAw)\RYaVCdfc'w�ZAw¸`)`aYA¡ZAw)ºCVCY[d�VC�'ifZ�VCgGw[ZAdfcJX?j g'cJn 9ZAnyZ¤^ZAbz�-VCc=`adfifif_Rc05ZAififZ¨ZAw¸`�\Rif_R�-VCifZAnyZAc=`

bA_Rc'w¸`zVCc=`aZ �3_Rg'Y8ifZAw8nydfch^ZAYaVCg#µ X'Z{n 9ZAnyZ!c-V<`ag'Y[Z{noVCdfwoZAififZ�ºCVCY[dfZ!�3ZNVCg'bA_Rg'��X?j g'c�bAY[dfw¸`zVCi¤¡V
ikj VCg�`aY[ZCQ�}/ZAw¤_RifdSº#dfc'ZAwJY[ZAw¸`aZAc=`y\Rif_R�-VCifZAnyZAc=`JX-VCc'w¤g'c�dfc=`aZAY¸ºCVCififZoX'Z{P�¡V�»�nyn X-VCc'wJ`a_Rg'w¤ifZAw
^ZAbz�-VCc=`adfifif_Rc'w 0"ifZAwq_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw$c?j VC�'�-VCYaVCdfw[w[ZAc=`Je+g'Z8X-VCc'wGifZAwq�-VCY[±A�'g'Y[\RdS`aZAwGdfny�'Y#^ZA\Rch^ZAZAwqZ�`
`a_Rg5�[_Rg'Y[wvw[_Rg'wv�*_RY[nyZqX'ZJ�3Z�`adS`awxbAY[dfw¸`zVCg#µ�X'ZJny_Rdfc'wxX'Z$synyn�Q3�)VCYvbA_Rc=`aY[ZJifZAwv�'i�VC\Rdf_#bAi�VCw[ZAw~_Rg
ifZAw~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwvw[_Rc=`xX'Z]`zVCdfififZIZ´µ#`aY 9ZAnyZAnyZAc=`xºCVCY[d�VC�'ifZ�0�X'Zqny_Rdfc'wKX'ZyPqnyn�X-VCc'wxifZAw~±A_Rc'ZAw
Y[ZAbAY[dfw¸`zVCififdfw#^ZAZAwhZ�`KX-VCc'wKifZAwW�3Z�`adS`awWdfc=`aZAY[w¸`adfbAZAwWZAc=`aY[Z]_RifdSº#dfc'ZAw�Z�`~_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwJ¡VJ�'ifg'wWX'ZqsG_Rg
�
� � X-VCc'w~ifZAw~±A_Rc'ZAw~_/¡g�dfifwKVC�'�-VCYaVCdfw[w[ZAc=`xZAc��'i�VC\RZAwK�  ]bAdfifdS`adfe+g'ZAwAQ
}/ZAwo�'Y[_R�3_RY¸`adf_Rc'w¤nydfch^ZAYaVCif_R\Rdfe+g'ZAw$w[_Rc=`yºCVCY[d�VC�'ifZAw¤X?j g'c�^ZAbz�-VCc=`adfifif_Rc ¡V�g'c VCg�`aY[Z��3_Rg'Yyg'c

n 9ZAnyZJ��VCbAdk¡ZAw�¥�-\Rg'Y[Zos#Qmr��´Q"}"V��'Y[_R�3_RY¸`adf_Rc X?j _R�-VCe+g'ZAw�*w[�'dfc'ZAififZAw]bz�'Y[_RnydS�M¡ZAY[ZAw]Z�`´³<_Rg�w[g'iS�*g'Y[ZAw �
ZAw¸`�`a_Rg5�[_Rg'Y[w¨dfc���^ZAY[dfZAg'Y[ZJ¡VG»�
�waVCg��?�3_Rg'Y¨g'c ^ZAbz�-VCc=`adfifif_Rc � �����	��P5s�
 ��e+g'd§bA_Rc=`adfZAc=`]¡V]�3ZAgo�'YA¡ZAw
P�� 
 X'ZIw[�'dfc'ZAififZAwhbz�'Y[_RnydS�M¡ZAY[ZAw 0#i�Vq�'Y[_R�3_RY¸`adf_RcoX?j _RifdSº#dfc'Z~ºCVGX'ZJP5» 
 ¡V �R� 
�Z�`WX'ZI�'i�VC\Rdf_#bAi�VCw[Z
X'Z$» 
 ¡V8»C��
8Q3}/ZAwvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwvc'ZGw[_Rc=`I�'Y#^ZAw[ZAc=`awIe+g'ZGX-VCc'wvifZAwx�-VCY[±A�'g'Y[\RdS`aZAwvZ�`vX'g'c'dS`aZAw
¡V��'i�VC\Rdf_#bAi�VCw[ZJZ�`qbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0"w[_Rg�ºRZAc=`JZAc���VCdf�'ifZJe+g-VCc=`adS`�^Z�0"X'Z8» 
 ¡V P5» 
�0/ch^ZNVCny_Rdfc'w 0/i�V
�'Y[_R�3_RY¸`adf_RcyX'ZvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZI�3ZAg�`KVCififZAY¶�[g'w[e+g?j¥¡VG�=� 
8Q�}/ZAwW_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwKc'Zvw[_Rc=`W�'Y#^ZAw[ZAc=`aw



� � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QSP�� � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X'Zo`aY[_#b�`a_RifdS`aZ!¡V�^ZA�3_Rc=`aZAwJX'dS¿¶g'w[ZAw��*noVCw[w[dS�~X'Z
�]VC� %WVCX0K^ZAbz�-VCc=`adfifif_Rc ������� �����´Q

�$	���� s#QSPRP ��¯�Y[_#b�`a_RifdS`aZ!¡V�`aZ´µ#`ag'Y[Z�X'Z8Y[ZAbAg'dS`
�*noVCw[w[dS�-X'Z��#g'noV�j dfi 0?^ZAbz�-VCc=`adfifif_Rc �R���	��sRr � �´Q
}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

e+g'ZIX-VCc'wWifZAw���VCbAdk¡ZAw�X'ZI�-VCY[±A�'g'Y[\RdS`aZAwhdfny�'Y#^ZA\Rch^ZAZAw]¡VGX'ZAwW�'Y[_R�3_RY¸`adf_Rc'w�X'ZJP�� 
 ¡V$sR» 
8Q �#g'YhX'ZAw
�'dfw¸`a_R\RYaVCnynyZAw]ny_Rc=`aYaVCc=`GifZAw]�*Y#^ZAe+g'ZAc'bAZAw$X'Zo�'Y[_R�3_RY¸`adf_Rc'w]ny_#X-VCifZAw]�3_Rg'YGbz�-VCe+g'Zo��VCbAdk¡ZAw�¥ºR_RdfY
�-\Rg'Y[Z8s#Q |�� 0"_Rc�_R�'w[ZAY¸ºRZ8e+g'Zoi�V��'Y[_R�3_RY¸`adf_Rc�X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z8w[Zyw[dS`ag'ZyifZ¤�'ifg'wqw[_Rg�ºRZAc=`JZAc=`aY[Z
� 
¹Z�`JP�� 
�03i�V¤�*Y#^ZAe+g'ZAc'bAZ$Xh^ZAbAY[_$9<S`IZ�`IZAw¸`�c+g'ififZGVCg#�¾X'ZAw[w[g'w�X'Z$�R��
8Q?��_Rg'YvifZAwIVCg�`aY[ZAwI�'�-VCw[ZAw
�-VCYKbA_Rc=`aY[Z�0§_Rc�_R�'w[ZAY¸ºRZG�'dfZAc�X'ZAg#µ��'dfbAwKX'Z]�*Y#^ZAe+g'ZAc'bAZy�

� P�� 
���sC� 
 Z�`K�R� 
����=� 
 �3_Rg'YhifZAwh�'i�VC\Rdf_#bAi�VCw[ZAw 0RifZv�'Y[ZAnydfZAY��'dfbxbA_RY[Y[ZAw[�3_Rc'X-VCc=`~VCg#µ�*Y#^ZAe+g'ZAc'bAZAw]X'Z$�'Y[_R�3_RY¸`adf_Rc!ny_#X-VCifZqX'ZAw��h^ZAY[dfX'_C`adS`aZAwy¡Vo�'i�VC\Rdf_#bAi�VCw[ZqZ�`�ifZJw[ZAbA_Rc'X �'dfb$VCg#µ
�*Y#^ZAe+g'ZAc'bAZAwhX'Z~�'Y[_R�3_RY¸`adf_RcJny_#X-VCifZWX-VCc'w¨ifZAw��h^ZAY[dfX'_C`adS`aZAwv¡V��'i�VC\Rdf_#bAi�VCw[ZhZ�`¨bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�

� � 
 �oP�� 
 Z�`8sC� 
 �J�R� 
 �3_Rg'Y¤ifZAw¤bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0�ifZ��'Y[ZAnydfZAY$�'dfb�^Z�`zVCc=`yX'_Rc'ch^Z
�-VCYvifZAwv�'Y[_R�3_RY¸`adf_Rc'wxX'ZJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZJX-VCc'wvifZAwv�h^ZAY[dfX'_C`adS`aZAw¤¡Vo�'i�VC\Rdf_#bAi�VCw[Z�Z�`�ifZqw[ZAbA_Rc'X
�'dfb]bA_RY[Y[ZAw[�3_Rc'X-VCc=`�VCg#µ��'Y[_R�3_RY¸`adf_Rc'w~ny_#X-VCifZAw~X'ZqbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZGX-VCc'wxifZAwx�h^ZAY[dfX'_C`adS`aZAwJ¡V
�'i�VC\Rdf_#bAi�VCw[ZvZ�`xbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�

� �=�,
 �?»C�,
�Z�` �R�,
 �¶rC�,
��3_Rg'Y/ifZAw/_RifdSº#dfc'ZAw 0AifZAw"�'dfbAw/w[_Rc=`�ny_Rdfc'w?c'Z�`[`aZAnyZAc=`�X'dS¿x^ZAY[ZAc'bAd�^ZAwe+g'Zq�3_Rg'Y~ifZAwx�'i�VC\Rdf_#bAi�VCw[ZAwWZ�`xifZAwxbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwxnoVCdfwK\Rif_R�-VCifZAnyZAc=`(0'ifZ��'Y[ZAnydfZAY~�'dfb]ZAw¸`
ifd�^Z�¡V�g'c'Z$�*Y#^ZAe+g'ZAc'bAZyX'Z¤bA_Rc'bAZAc=`aYaV<`adf_Rc ZAc�_RifdSº#dfc'ZGX-VCc'w]ifZAw]�-VCY[±A�'g'Y[\RdS`aZAwo¡V��'i�VC\Rdf_#bAi�VCw[Z
Z�`GX-VCc'wGifZAwqX'g'c'dS`aZAw�¡V��'i�VC\Rdf_#bAi�VCw[ZJZ�`JbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZoZ�`GifZyw[ZAbA_Rc'X��'dfbyZAw¸`$VCw[w[_#bAd�^ZoVCg#µ
X'g'c'dS`aZAwJ¡V$�'i�VC\Rdf_#bAi�VCw[ZvZ�`x�-VCY[±A�'g'Y[\RdS`aZAwJ¡V$�'i�VC\Rdf_#bAi�VCw[ZvZ�`xbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZCQ

� � � � � � ����
 8:5� 	 5@430
	 ��� 9 � �.� ��� � 	 8#0  	

�¨�#�y9:B/ "�#�y ¨L %����#,"45�#9:�#>3�
��ififZAw?Y[ZA�'Y#^ZAw[ZAc=`aZAc=`�i�VhnoV��[ZAg'Y[Z��-VCY¸`adfZ�X'ZAw/��VCbAdk¡ZAw¶`aY[_#b�`a_RifdS`adfe+g'ZAw)�Ng'c'Z¨w[_Rd µ'VCc=`zVCdfc'Z�X?jM^ZAbz�-VCc=`adfi �

if_Rc'w�w[g'Y�ifZAw~P5s<���'Y#^ZAifZ�º¨^ZAwAQ�Tvj ZAw¸`�ifZW��VCbAdk¡ZAw�e+g'd-w[Z~�'Y#^ZAw[ZAc=`aZxw[_Rg'w¨ifZAw��*_RY[nyZAw�ifZAw��'ifg'w�X'dSºRZAY[w[ZAw�w[g'Y
ifZ�`aZAY[YaVCdfc0-w[_Rg'wx�*_RY[nyZ]X'Zq�'i�VCc'wx_Rg�X'ZqifZAc=`adfififZAw 0'ifZAw~`aYaVCc'w[dS`adf_Rc'wKZAc=`aY[ZGifZ��-if_Rc�Z�`vikj ZAc'bNVCdfw[waVCc=`
w[_Rc=`Ii�V¤�'ifg'�-VCY¸`vX'g�`aZAny�'wx�'Y[_R\RY[ZAw[w[dSºRZAw �¥�-\Rg'Y[Z$s#QSP����´Q3}/ZAw��~�3_#bz�'ZAw�
ow[_Rc=`Iw[_Rg�ºRZAc=`��*_RY[n�^ZAZAw
�-VCY~YaVCw[w[ZAnJ�'ifZAnyZAc=`vX?j dfny�'Y#^ZA\Rc-V<`adf_Rc'wKX'dS¿¶g'w[ZAw 0§_Rc!VCw[w[dfw¸`aZGVCif_RY[wG¡V¤g'c'Zq`aYaVCc'w[dS`adf_Rc��'Y[_R\RY[ZAw[w[dSºRZ



¢ " ¢ �¨�#� 0 45B/;C��B3(��¥���#� �§ª

Bahla Musqat Fizh, Hilti

FZN

F
ZS

H
IL

Kawad, Musibit

K
W

D

M
SB

Nakhl

NAE

NAW

Haylayn, Sarami, Wuqbah

RU
SSAM

Suma’il

N
RS

MQD

SDS

Samad Ibra, Wadi Tayin

IB
R

W
T

N

�$	���� s#QSP5s ����Y[_5�[ZAb�`adf_Rc'w8w¸`�^ZAY#^ZA_R\RYaVC�'�'dfe+g'ZAw8ny_Rc=`aYaVCc=`8ifZAw8_RY[dfZAc=`zV<`adf_Rc'wyX'ZAwo��VCbAdk¡ZAwy`aY[_#b�`a_Rifd �
`adfe+g'ZAwxZAc��*_Rc'b�`adf_Rc�X'ZAwv±A_Rc'ZAwx\)^ZA_R\RYaVC�'�'dfe+g'ZAwAQ3��_Rg'YxbA_Rny�-VCYaVCdfw[_Rc0-ikj _RY[dfZAc=`zV<`adf_Rc8ny_��RZAc'c'ZGX'g
bA_Rny�'ifZ´µ�Z]�-if_Rc'dfZAc��3_Rg'YxifZAwxX'dS¿x^ZAY[ZAc=`aZAwxY#^ZA\Rdf_Rc'wxZAw¸`vX'_Rc'ch^ZAZGw[g'Yxbz�-VCe+g'ZJw¸`�^ZAY#^ZA_R\RYaVCnynyZ]Z�`vZAw¸`
Y#^Z���^ZAY[ZAc'b3^ZAZvbA_RnynyZWw[g'dS`x� �����o�RnoVCw[w[dS�¶X'Z,+)df±A�¤w[g'X �kThZAg'ifZAc'ZAZAY 0§P-�R|������ �������RnoVCw[w[dS�¶X'Z,+)df±A�
c'_RY[X � �#nyZ %~dfc'\ 0-P-�R|R�RV � /~ZAg'�3ZAY 0§P-�R|R| �(��VCbN}/ZA_#X8VCc'X�/~_C`a�'ZAY¸��0§P-���=s������	��
��+noVCw[w[dS�¶X'Zv°xdfiS`ad
�kThZAg'ifZAc'ZAZAY 0�P-�R|��������� ���¶noVCw[w[dS�¨X'Z �]VC� %WVCX � ��dfw[w[ZAY[d 0)P-�R|=s���� ����� �?noVCw[w[dS�¨X'Z ��g'w[df�'dS`
� ��dfw[w[ZAY[d 0§P-�R|=s������	�����#noVCw[w[dS�?X'Z �vV &+�'i¶_Rg'ZAw¸` � hY[_ %~c'dfc'\ 0§P-�R|=s���ThZAg'ifZAc'ZAZAY 0¶P-�R|��������	�����
noVCw[w[dS�~X'Z �vV &+�'ihZAw¸` � ��VCbN}/ZA_#X�VCc'X �hVC_Rg-VCc'bAe*0�sC�R�R��������� ���)noVCw[w[dS�~X'Z ��VCYaVCnyd �kThZAg'ifZ´�
c'ZAZAY 0§P-�R|�������!����o�=noVCw[w[dS�*w¨X'Zx°vVN�#i�VN�#cyZ�`��:g'e+�-VC� ���)VCififdfw¸`aZAY 0�P-�R|�P�� hY[_ %~c'dfc'\ 0-P-�R|=s��=²�VC�'i 0
P-�R|C� ��ThZAg'ifZAc'ZAZAY 0WP-�R|�������� �����)noVCw[w[dS�~X'Z �#g'noV�j dfi¨w[g'X�� ��dfw[w[ZAY[d 0�P-�R|=s������ !�� ��noVCw[w[dS�~X'Z
�#g'noV�j dfi3c'_RY[X � ��dfw[w[ZAY[d 0¶P-�R|=s��'ThZAg'ifZAc'ZAZAY 0/P-�R|���������� ����noVCw[w[dS�"X'Z	�#g'noV�j dfi 0+Y#^ZA\Rdf_Rc8X'Z���VCeR�
waVCX �kThZAg'ifZAc'ZAZAY 0�P-�R|�� ����VCbN}/ZA_#X!VCc'X /~_C`a�'ZAY¸��0"P-���=s�� �xdfbA_Ri�VCw~VCc'X+h_Rg'X'dfZAY 0/P-���=»����C_Rg'w[w[ZAifdfc
Z�`~VCikQ 03P-���R|�������� !���noVCw[w[dS�/X?j ½¾�'YaV ���)VCififdfw¸`aZAY 0§P-�R|�P�� ��dfw[w[ZAY[d 03P-�R|=s������! ��p��noVCw[w[dS�/X'g���VCX'd
¯)VN�#dfc � ��dfw[w[ZAY[d 0¶P-�R|=s��-ThZAg'ifZAc'ZAZAY 0/P-�R|����´Q'��_Rg'YKifZInoVCw[w[dS�"X'Z	��VCnoVCX0#ºR_RdfYxThZAg'ifZAc'ZAZAY 0/P-�R|��GZ�`
��dfw[w[ZAY[d 0?P-�R|=s#Q �¨_RdfYh`zVC�'ifZNVCg�s#Q �$�3_Rg'Y~i�VJi�^ZA\RZAc'X'Z]X'ZAwxw¸�#nJ�3_RifZAwAQ



2 � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QSP����:¯�Y[_#b�`a_RifdS`aZ{¡V�`aZ´µ#`ag'Y[Z��-VCY¸`adfZAififZ´�
nyZAc=`�Y[ZAbAY[dfw¸`zVCififdfw#^ZAZo�?ifZAwv`aZ´µ#`ag'Y[ZAw]X'Z$Y[ZAbAg'dS`aw
VCiS`aZAY[c'ZAc=`�VNºRZAb�ifZAw `aZ´µ#`ag'Y[ZAw�X?j VCX'bAg'nJg'i�V<`
�*noVCw[w[dS�xX'Z��vV &+�'i 0G^ZAbz�-VCc=`adfifif_Rc��R�  � �����´Q
}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#QSPN� ��¯�Y[_#b�`a_RifdS`aZ ¡V`aZ´µ#`ag'Y[Z�X?j VCX#�
bAg'nJg'i�V<` �*noVCw[w[dS� X'Z ��VCnoVCX0 ^ZAbz�-VCc=`adfifif_Rc
��� �	� �����´Q }/g'nydk¡ZAY[Z �3_Ri�VCY[dfw#^ZAZ�0pc'dfbA_Rifw
bAY[_Rdfw#^ZAwAQ

X'ZA�'g'dfwIi�Vo�h^ZAY[dfX'_C`adS`aZK�[g'w[e+g?j¥¡V�i�Vy`aY[_#b�`a_RifdS`aZ]�*YaVCc'bz�'Z$ZAc{�-VCw[waVCc=`]�-VCYIX'ZAwI��VCbAdk¡ZAwIX'ZJ�h^ZAY[dfX'_C`adS`aZAw
dfny�'Y#^ZA\Rch^ZAZAwAQ-½¾i/ZAc�ºCV¤X'Zqn 9ZAnyZ��3_Rg'YKifZAwK�-if_Rc'w 0-_Rc�_R�'w[ZAY¸ºRZGw[_Rg�ºRZAc=`Ig'c'Z]`aYaVCc'w[dS`adf_Rc�bA_Rc=`adfc+g'Z
X'ZA�'g'dfw�g'cJ��VCbAdk¡ZAw)X'ZWbz�'ZAc-VCi�X'ZW�3ZAY[bA_Ri�V<`adf_RcK�[g'w[e+g?j VCgJ��VCbAdk¡ZAw�X'Zh�-if_Rcq�*YaVCc'b �¥�-\Rg'Y[ZKs#Q ���´QRTh_RnynyZ
�3_Rg'YqifZAw]��VCbAdk¡ZAwGX?j dfny�'Y#^ZA\Rc-V<`adf_Rc0?bAZAwq�-if_Rc'wqX'Zy`aY[_#b�`a_RifdS`aZ¤w[_Rc=`JY[ZAi�V<`adSºRZAnyZAc=`q�3ZAg�VC�3_Rc'X-VCc=`aw
w[g'Y~g'c�n 9ZAnyZ]V<¬yZAg'Y[ZAnyZAc=`(0-w[_Rg�ºRZAc=`Idfw[_Ri�^ZAw 0�_Rc�ifZAwW`aY[_Rg�ºRZq�-VCY¸�*_RdfwWZAc�\RY[_Rg'�3Z]X'Z]X'ZAg#µ�¡V$bAdfc'e
�-if_Rc'wI�-VCYaVCifik¡ZAifZAwAQ3½¾ifwIw[_Rc=`]\)^ZAch^ZAYaVCifZAnyZAc=`��'ifg'w�^ZA�-VCdfwIe+g'Z$ifZAw�dfc=`aY[g'w[df_Rc'wIX'dS¿¶g'w[ZAw 0?ifZAg'Yvi�VCY[\RZAg'Y
^Z�`zVCc=`WifZx�'ifg'whbA_RnynJg'ch^ZAnyZAc=`WX'Zvikj _RY[X'Y[ZxX?j g'c'Zy¡VG�'ifg'w[dfZAg'Y[w�X'df±NVCdfc'ZAwhX'ZvbAZAc=`adfn�¡Z�`aY[ZAw 0#ZAififZx�3ZAg�`
Xh^ZA�-VCw[w[ZAYxifZ�n�¡Z�`aY[Z]Z�`~n 9ZAnyZ]V<`[`aZAdfc'X'Y[Z]i�VJX'df±NVCdfc'Z�X'Z]n�¡Z�`aY[ZAwKX-VCc'wxe+g'ZAife+g'ZAwxYaVCY[ZAw~bNVCwAQ
}/ZAw�_RY[dfZAc=`zV<`adf_Rc'w8X'ZAw��-if_Rc'w�X'Z `aY[_#b�`a_RifdS`aZ�w[_Rc=`�Y[ZAi�V<`adSºRZAnyZAc=`�ºCVCY[d�VC�'ifZAw 0hch^ZNVCc'ny_Rdfc'w 0WZ�`

bA_Rny��`aZh`aZAc+g¤X'ZAw�dfc'bAZAY¸`adS`ag'X'ZAw�ifd�^ZAZAw~¡VIi�VvnyZAw[g'Y[Z�0RZAififZAw�VC�'�-VCYaVCdfw[w[ZAc=`��'ifg'w�_Rg$ny_Rdfc'w)bA_Rc'w¸`zVCc=`aZAw
¡V�ikj dfc=`�^ZAY[dfZAg'YoX?j g'c'Z n 9ZAnyZ!±A_Rc'Z{\)^ZA_R\RYaVC�'�'dfe+g'Z{Z�`��-VCYaVCifik¡ZAifZAw{¡V�ikj _RY[dfZAc=`zV<`adf_Rc�X'ZAw�X��(&CZAw�X'g
bA_Rny�'ifZ´µ�ZI�-if_Rc'dfZAc �¥ºR_RdfYW�-\Rg'Y[ZAwvs#QSP5sJZ�`,�GQms70 �GQSP�� 0 �GQ �¤Z�`��GQSPRPqX-VCc'wxVCc'c'Z´µ�Z	���´Q

�¨�#�y;R%'45%-;C� ��+45�#� �$H�=��45B§2§45% �)¦���£?,"�#�
��cyi�VCnyZWnydfc'bAZ�0Ri�Vv`aZ´µ#`ag'Y[Zx�'Y[dfnoVCdfY[ZhZAw¸`�g'c'ZK`aZ´µ#`ag'Y[ZxX?j VCX'bAg'nJg'i�V<`�noVCdfw�w[g'Y¨i�VCe+g'ZAififZWwAj ZAw¸`

w[_Rg�ºRZAc=`Jw[g'Y[dfny�3_Rw#^ZAZ¤g'c'Z¤`aZ´µ#`ag'Y[ZyX'ZyY[ZAbAg'dS`y�/X-VCc'w]i�V�noV��[_RY[dS`�^Z$X'ZAwqi�VCnyZAw�X'Z$`aY[_#b�`a_RifdS`aZ�0?_Rc
_R�'w[ZAY¸ºRZ¤g'c'ZJny_RY[�'�'_Rif_R\RdfZIµ�^ZAc'_Rny_RY[�'�'Z$X'ZAw�X'dS¿x^ZAY[ZAc=`aZAw��'�-VCw[ZAw�nydfch^ZAYaVCifZAwvVNºRZAb¤X'ZAwIbA_Rc=`zVCb�`aw
�'i�VCc'w�ZAc=`aY[ZybAY[dfw¸`zVCg#µ Z�`]X'ZAwW�[_Rc'b�`adf_Rc'wI`aY[df�'ifZAwy¡V P5sC��� �¥�-\Rg'Y[ZAwGs#QSPRP¤Z�`Js#QSP����´Q"lIbAbNVCw[df_Rc'c'ZAififZ´�
nyZAc=`(0#i�V�`aZ´µ#`ag'Y[ZIZAw¸`KY[ZAw¸`�^ZAZIbAZAififZxX?j g'c�VCX'bAg'nJg'i�V<`��¥�-\Rg'Y[Z�s#QSPN� � 0+i�V]i�VCnyZxbA_Rc=`aZAc-VCc=`Wny_Rdfc'w�X'Z
»�
�X'Z~noV<`�^ZAY[dfZAi�dfc=`aZAY[w¸`adS`adfZAi �*½¾Y¸º#dfc'Z�0-P-�R|=s��´QR��c=`aY[Z~ifZAw�`aZ´µ#`ag'Y[ZAw�X'Z~Y[ZAbAg'dS`¨Z�`¨ifZAw�`aZ´µ#`ag'Y[ZAw�X?j VCX#�
bAg'nJg'i�V<`��'g'Y[ZAw 0Rdfi#�$VIX'ZKc'_RnJ�'Y[ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w)dfc=`aZAY[n�^ZAX'd�VCdfY[ZAw)X'_Rc=`¨ifZAw�±A_Rc'ZAw¨Y[ZAbAY[dfw¸`zVCififdfw#^ZAZAw
VCiS`aZAY[c'ZAc=`�VNºRZAb$ifZAwI±A_Rc'ZAwy¡Vy`aZ´µ#`ag'Y[ZAw]X?j VCX'bAg'nJg'i�V<`NQ3²�VCc'wIi�VynoV��[_RY[dS`�^ZqX'ZAwIi�VCnyZAwve+g'd)c'ZJw[_Rc=`
�-VCw~`a_C`zVCifZAnyZAc=`xY[ZAbAY[dfw¸`zVCififdfw#^ZAZAw 0'_Rc��3ZAg�`v_R�'w[ZAY¸ºRZAYvifZ]�'i�VC\Rdf_#bAi�VCw[ZIZAc�\RYaVCdfc'w~w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw
ZAc�dfc'bAifg'w[df_RcoX-VCc'wKikj _RifdSº#dfc'Z �¥�-\Rg'Y[Z]s#QSP5»��´Q /xVCY[ZAnyZAc=` �*X-VCc'wW�J_Rg�»qbNVCw � 0'ikj _RifdSº#dfc'ZxVC�'�-VCYaV-9<S`hZAc



¢ " ¢ �¨�#� 0 45B/;C��B3(��¥���#� 2 D

�$	���� s#QSP5» ��lIifdSº#dfc'Z�dfc=`aZAY[w¸`adS`adfZAififZpZAc'\Rif_<�
�-VCc=`�X'ZAw�bAY[dfw¸`zVCg#µ�X'Z �'i�VC\Rdf_#bAi�VCw[Z�X-VCc'w�g'c
^ZAbz�-VCc=`adfifif_Rc]X'Z¨`aY[_#b�`a_RifdS`aZ �*noVCw[w[dS��X'Z��#g'noV�j dfi 0
^ZAbz�-VCc=`adfifif_Rc��=» � P5»�� 
 �´Q�}/g'nydk¡ZAY[Zx�3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#QSP-� � Thifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z VC�'�-VCYaVCdfw[waVCc=`
¡V�i�V��[_Rc'b�`adf_Rc�ZAc=`aY[Z�ifZAw��'i�VC\Rdf_#bAi�VCw[ZAwoZ�`�ifZAw
_RifdSº#dfc'ZAw�X-VCc'w�g'c ^ZAbz�-VCc=`adfifif_Rc�X'Z `aY[_#b�`a_RifdS`aZ
�*noVCw[w[dS�-X'Z��#g'noV�j dfi 0?^ZAbz�-VCc=`adfifif_Rc �R���	��sRr � �´Q
}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

bAY[dfw¸`zVCg#µ:w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwqZ�`JZAc�dfc'bAifg'w[df_Rc�X-VCc'wGifZAwG�'i�VC\Rdf_#bAi�VCw[ZAwAQ"ThZAwJY[ZAi�V<`adf_Rc'w�`aZ´µ#`ag'YaVCifZAw
ny_Rc=`aY[ZAc=`¤g'c'Z�bAY[dfw¸`zVCififdfwaV<`adf_Rc w[g'�#�¾bA_Rc=`aZAny�3_RYaVCdfc'Z�X'ZAw¤�'i�VC\Rdf_#bAi�VCw[ZAwqZ�`¤X'ZAw¤_RifdSº#dfc'ZAw$VNºRZAb�ZAc
ny_��RZAc'c'Zqg'c'Z]�'Y#^ZAbAdf�'dS`zV<`adf_Rc8i�^ZA\'¡ZAY[ZAnyZAc=`x�'ifg'wK�'Y#^ZAbA_#bAZqX'ZAwx�'i�VC\Rdf_#bAi�VCw[ZAwAQ
}/ZAwK`aY[_#b�`a_RifdS`aZAw�bA_Rc=`adfZAc'c'ZAc=`~`a_Rg5�[_Rg'Y[wWg'c���VCdf�'ifZv�3_Rg'Y[bAZAc=`zVC\RZ�X'Z��=�#Y[_Nµ¶¡ZAc'Z�*X'Z]��Qm»�¡V$� 
 �

e+g'ZGikj _Rc�_R�'w[ZAY¸ºRZJZAc�bA_Rg'Y[_Rc'c'ZAwvY#^ZNVCb�`adf_Rc'c'ZAififZAwKZAc=`aY[ZGifZAw~bAY[dfw¸`zVCg#µ�X?j _RifdSº#dfc'Z�Z�`vX'Zq�'i�VC\Rdf_#bAi�VCw[Z
�¥�-\Rg'Y[Z8s#QSP-��� 0/bAZyw[_Rc=`GnoV��[_RY[dS`zVCdfY[ZAnyZAc=`IX'ZAwGbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwqZ�`G�-VCY¸�*_Rdfw]X'ZAwq_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ
²IZAwq_R�-VCe+g'ZAwJw[_Rc=`J�-VCY¸�*_Rdfw]�'Y#^ZAw[ZAc=`aw�¡V�X'ZAwG�'Y[_R�3_RY¸`adf_Rc'w]dfc���^ZAY[dfZAg'Y[ZAw�¡V��+
8Q�ThZyw[_Rc=`Jg'w[g'ZAififZ´�
nyZAc=`yX'ZAwyw[�'dfc'ZAififZAw$bz�'Y[_RnydS�M¡ZAY[ZAw¤Z�`yYaVCY[ZAnyZAc=`yX'ZAwyw[g'iS�*g'Y[ZAw¤X'Z�	���Z�` �� �¥`zVC�'ifZNVCg�s#QSP��Je+g'd
VC�'�-VCYaVCdfw[w[ZAc=`{dfc'X'dS¿x^ZAY[ZAnynyZAc=`�ZAc dfc'bAifg'w[df_Rc�X-VCc'w!ifZAw��'i�VC\Rdf_#bAi�VCw[ZAw�_Rg X-VCc'w!ifZAw�dfc=`aZAY[w¸`adfbAZAw
ZAc=`aY[Z{ifZAwo�'i�VC\Rdf_#bAi�VCw[ZAwyZ�`�ifZAwo_RifdSº#dfc'ZAw 0¨ifZAg'YobAY[dfw¸`zVCififdfwaV<`adf_Rc�ZAw¸`�X'_Rc'b!w[g'�3bA_Rc=`aZAny�3_RYaVCdfc'Z�X'Z
bAZAififZAwGX'Zoikj _RifdSº#dfc'Z$Z�`JX'g��'i�VC\Rdf_#bAi�VCw[ZCQ/}�j _RY[X'Y[ZoX'Z8bAY[dfw¸`zVCififdfwaV<`adf_Rc{ifZy�'ifg'wGbA_Rg'YaVCc=`JZAw¸`$X'_Rc'b��
� ( ��© �¨£ � ©y( ��© �¨£�� � ��E=�¶. �=����B3,�© �¶. # Q
}"V�`zVCdfififZ¤X'ZAwJbAY[dfw¸`zVCg#µ:ZAw¸`$Y[ZAi�V<`adSºRZAnyZAc=`G�'_Rny_R\'¡ZAc'ZoX-VCc'wJg'c�n 9ZAnyZ ^ZAbz�-VCc=`adfifif_Rc�Z�`$X?j g'c

^ZAbz�-VCc=`adfifif_Rc ¡V8ikj VCg�`aY[Z�0¶ZAififZGZAw¸`]\)^ZAch^ZAYaVCifZAnyZAc=`]dfc���^ZAY[dfZAg'Y[Z�¡V�»8nyn��3_Rg'YI`a_Rg�`aZAw�ifZAwIi�VCnyZAwvwaVCg��
X-VCc'w~e+g'ZAife+g'ZAw�^ZAbz�-VCc=`adfifif_Rc'wKVCc'bAdfZAc'c'ZAnyZAc=`$¡V$\RY[_Rw~\RYaVCdfc'w �*ZAc=`aY[ZG|$Z�`qP5sJnyn��e+g'd/_Rc=`�^Z�`�^Z]ZAc
\RYaVCc'X'Z]�-VCY¸`adfZ�Y[ZAbAY[dfw¸`zVCififdfw#^ZAw ��^ZAbz�-VCc=`adfifif_Rc'wK��P �  �RV 0 ���$½6�»70*��� � � �C�0'�-\Rg'Y[ZGs#QSPRP��´Q
}/ZAwJ�'Y[_R�3_RY¸`adf_Rc'wqnydfch^ZAYaVCif_R\Rdfe+g'ZAw]w[_Rc=`JºCVCY[d�VC�'ifZAw]noVCdfwqX-VCc'wJg'c'Zo\=VCnynyZy�'ifg'wGY[ZAw¸`aY[ZAdfc=`aZ

e+g'Z��3_Rg'YhifZAwh�h^ZAY[dfX'_C`adS`aZAwhdfny�'Y#^ZA\Rch^ZAZAwAQ'}�j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�c?j ZAw¸`~�-VCwh`a_Rg5�[_Rg'Y[wW�'Y#^ZAw[ZAc=`~Z�`Ke+g-VCc'X
dfi§ikj ZAw¸`(0#bCj ZAw¸`~w¸�#w¸`�^ZAnoV<`adfe+g'ZAnyZAc=`KZAc��'Y[_R�3_RY¸`adf_Rc'w�dfc���^ZAY[dfZAg'Y[ZAw]¡VyP�
�Z�`Wi�Vq�'Y[_R�3_RY¸`adf_RcoX'ZvbAifdfc'_<�
�=�#Y[_Nµ¶¡ZAc'ZIZAw¸`h`a_Rg5�[_Rg'Y[w¨dfc���^ZAY[dfZAg'Y[Z$¡Vq� 
8Q�t�if_R�-VCifZAnyZAc=`(0Ri�V��'Y[_R�3_RY¸`adf_Rc¤X'Zv�'i�VC\Rdf_#bAi�VCw[ZhºCVCY[dfZ~X'Z
�R��
 ¡Vo|=» 
�noVCdfw~ZAififZ]c?j ZAw¸`�dfc���^ZAY[dfZAg'Y[Z8¡V8»C��
�e+g'ZJ�3_Rg'Yxg'c�w[ZAg'iq^ZAbz�-VCc=`adfifif_Rc �¥�-\Rg'Y[Z$s#QSP-���´Q
��ififZK�'Y#^ZAw[ZAc=`aZIg'cy�'dfb~X'Z~�*Y#^ZAe+g'ZAc'bAZvZAc=`aY[Z�rC� 
�Z�`W|R� 
 �¥ºR_RdfY��-\Rg'Y[ZIs#QSP5r��´Q ¡��ikj _R�'�3_Rw#^Z�0=i�V��'Y[_<�
�3_RY¸`adf_Rc¤X?j _RifdSº#dfc'ZWºCVCY[dfZK\Rif_R�-VCifZAnyZAc=`¨X'ZqP5»�
�¡VGrC� 
�noVCdfw�c?j ZAw¸`Ww[g'�h^ZAY[dfZAg'Y[Z$¡VJ»C� 
�e+g'Zv�3_Rg'Y
bAZ8n 9ZAnyZ ^ZAbz�-VCc=`adfifif_Rc �)ikjM^ZAbz�-VCc=`adfifif_Rc�c �8���  �sC| 
¤e+g'dhZAw¸`$ikjM^ZA�3_Rc=`aZoX'g'c'dS`adfe+g'Zodfny�'Y#^ZA\Rch^ZAZ
X?j g'cG�-if_RcGX'Z�`aY[_#b�`a_RifdS`aZ���^ZAbz�-VCc=`adfifif_Rcqc �&���  � sC| ��� 0<Z´µ�ZAny�'ifZ�bAi�VCw[w[dfe+g'ZhX'ZWbA_Rc=`zVCb�`��'Y[_R\RY[ZAw[w[dS�



2¶¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès troctolitiques (123 échantillons)

Troctolites (58 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès troctolitiques (123 échantillons)

Troctolites à clinopyroxène (36 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès troctolitiques (123 échantillons)

Troctolites (58 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n
Faciès troctolitiques (123 échantillons)

Troctolites à clinopyroxène (36 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène         

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès troctolitiques (123 échantillons)

Troctolites à clinopyroxène (36 échantillons)

�$	���� s#QSP5r ��°xdfw¸`a_R\RYaVCnynyZAwony_Rc=`aYaVCc=`�ifZAw8�*Y#^ZAe+g'ZAc'bAZAw�X'Z �3_Rg'Y[bAZAc=`zVC\RZ�ZAc��'i�VC\Rdf_#bAi�VCw[ZAwoZ�`
_RifdSº#dfc'ZAw�X-VCc'whifZAw�`aY[_#b�`a_RifdS`aZAw¨Z�`hifZAw�`aY[_#b�`a_RifdS`aZAwI¡V]bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZvZ�`hZAcobAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwhX-VCc'whifZAw
`aY[_#b�`a_RifdS`aZAwI¡VqbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �*ZAc8Y[_Rg'\RZ �´Q��¨_RdfY¨i�V]i�^ZA\RZAc'X'ZvX'Zvi�V��-\Rg'Y[ZIs#Q |q�3_Rg'Y�ikj �'dfw¸`a_R\RYaVCnynyZ
ZAc�\RY[dfwAQ



¢ " ¢ �¨�#� 0 45B/;C��B3(��¥���#� 21�

�$	���� s#QSP�| � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X'Z�`aY[_#b�`a_RifdS`aZ�¡V bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0�ifZ�bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZyVC�'�-VCYaV-9<S`�ZAc �'i�VC\RZAw��  ]bAdfifdS`adfe+g'ZAwvZAc#�
\Rif_R�-VCc=`�X'ZAw!bAY[dfw¸`zVCg#µ�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�X'Z
�'i�VC\Rdf_#bAi�VCw[Z�Z�`�_RifdSº#dfc'Z �*noVCw[w[dS�:X'Z �vV &+�'i 0
^ZAbz�-VCc=`adfifif_Rc ���
 ���=s��´Q

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Ol Cpx

Pl 

Troctolites 
Troctolites à Clinopyroxène

�$	���� s#QSP-� � ²Id�VC\RYaVCnynyZ�Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw[dS`adf_Rc'w)ny_#X-VCifZAw�X'ZAw�`aY[_#b�`a_RifdS`aZAw)Z�`¨X'ZAw
`aY[_#b�`a_RifdS`aZAw�¡VJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�X-VCc'wWifZvw¸�#w¸`N¡ZAnyZ
�'i�VC\Rdf_#bAi�VCw[Z ����i ���!_RifdSº#dfc'Z��klIi ���{bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'Z�kTh�Rµ �´Q

,u��8:¯^�#�"�����"�Eº-����%?/�)�� ,-$87²>����ºu�#/0���"/0%0����

�$	���� s#QmsC� � ^��bz�-VCc=`adfifif_Rc�X'ZG`aY[_#b�`a_RifdS`aZ8¡VobAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZJny_Rc=`aYaVCc=`vifZAwvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZJ�  ]bAdfifd �
`adfe+g'ZAw �*noVCw[w[dS��X'Z �vV &+�'i 0h^ZAbz�-VCc=`adfifif_Rc��R�
 � �����´Q



2*2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8����/�)&�����"% � � !#���#�+ÕDÁÇ¼#¼ ,-$8����/�)&�����"% � � !#��½#½+ÕDÁÇ���

�$	���� s#Qms#P���²IZAg#µ�i�VCnyZAwWnydfc'bAZAwKX'Z�`aY[_#b�`a_RifdS`aZ¤¡VJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z]X'g�noVCw[w[dS��X'Z �vV &+�'i¶º#g'ZAwxZAc
ifg'nydk¡ZAY[Zq�3_Ri�VCY[dfw#^ZAZJVNºRZAb¤c'dfbA_RifwxbAY[_Rdfw#^ZAw�ny_Rc=`aYaVCc=`IX'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw]�  ]bAdfifdS`adfe+g'ZAwxZAc'\Rif_R�-VCc=`
ifZAwK_RifdSº#dfc'ZAwKZ�`~ifZAw~�'i�VC\Rdf_#bAi�VCw[ZAwAQ

ZAc=`aY[ZGg'c��-if_Rc�X'Z]`aY[_#b�`a_RifdS`aZ�Z�`vw[_Rc�ZAc'bNVCdfw[waVCc=`IVNºRZAbJZAc'Y[dfbz�'dfw[w[ZAnyZAc=`v�'Y[_R\RZAw[w[dS��ZAc��'i�VC\Rdf_#bAi�VCw[Z
ºRZAY[wqifZ¤bAZAc=`aY[ZyX'g �-if_Rc?Q/²�VCc'w]bAZ�`�^ZAbz�-VCc=`adfifif_Rc{ZAc��-VCY¸`adfbAg'ifdfZAY 0¶ifZAw]Y[ZAi�V<`adf_Rc'wv`aZ´µ#`ag'YaVCifZAw]ZAc=`aY[Z
ifZAw��'i�VC\Rdf_#bAi�VCw[ZAw�Z�`hifZAw�_RifdSº#dfc'ZAw�ny_Rc=`aY[ZAc=`hbAi�VCdfY[ZAnyZAc=`�g'c'ZxbA_R�'Y#^ZAbAdf�'dS`zV<`adf_Rc¤X'ZxbAZAwhX'ZAg#µo�'�-VCw[ZAw
�*�'Y#^ZAw[ZAc'bAZxw[dfnJg'iS`zVCch^ZAZKX'Z~�3Z�`adS`aw��'i�VC\Rdf_#bAi�VCw[ZAw)w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�ZAcydfc'bAifg'w[df_Rc$X-VCc'w¨ifZAw�_RifdSº#dfc'ZAw
Z�`JX'Zo�'i�VC\Rdf_#bAi�VCw[ZAw]dfc=`aZAY[w¸`adS`adfZAifw �´Q"}�j �'dfw¸`a_R\RYaVCnynyZ$ny_Rc=`aYaVCc=`GifZAwq�*Y#^ZAe+g'ZAc'bAZAw$X'ZAwJ�'Y[_R�3_RY¸`adf_Rc'w
ny_#X-VCifZAw �¥�-\Rg'Y[Z�s#QSP5r��]ZAw¸`¤�'Y[_#bz�'Z�X?j g'c'Z�\=VCg'w[w[dfZAc'c'Z�VNºRZAb�X'ZAwJ�*Y#^ZAe+g'ZAc'bAZAwynoV5µ�dfnoVCifZAwqbA_Rn$�
�'Y[dfw[ZAwKZAc=`aY[Z]�R� 
ÀZ�`K�=� 
��3_Rg'YWifZAwW_RifdSº#dfc'ZAwhZ�`KZAc=`aY[ZqrC� 
�Z�`x|R� 
À�3_Rg'YWifZAwW�'i�VC\Rdf_#bAi�VCw[ZAw 0+i�V
`aY[_#bA_RifdS`aZ�i�VI�'ifg'w�bAi�VCw[w[dfe+g'ZKZAw¸`¨X'_Rc'bKg'c'ZKY[_#bz�'ZKbA_Rny�3_Rw#^ZAZWX?j _RifdSº#dfc'ZhZ�`¨X'ZK�'i�VC\Rdf_#bAi�VCw[Z¨X-VCc'w¨X'ZAw
�'Y[_R�3_RY¸`adf_Rc'w]Y[ZAw[�3ZAb�`adSºRZAwJVC�'�'Y[_Nµ�dfnoV<`adSºRZAw]X'Zo�R� 
 Z�`$rC� 
8Q)Th_Rny��`aZ$`aZAc+g�X'ZAwqdfc'bAZAY¸`adS`ag'X'ZAw
ifd�^ZAZAw�¡V!ikj ZAw¸`adfnoV<`adf_Rc:X'ZAw¤ny_#X'ZAw 0)bAZAw¤�'Y[_R�3_RY¸`adf_Rc'wJw[_Rc=`�^ZA\=VCifZAw$VCg#µ sR»�
 X?j _RifdSº#dfc'ZoZ�`orR»�

X'Z��'i�VC\Rdf_#bAi�VCw[Z�0"�'Y[_R�3_RY¸`adf_Rc'w$bA_C`aZAb�`adfe+g'ZAw¤Xh^Z�`aZAY[nydfch^ZAZAw¤Z´µ��h^ZAY[dfnyZAc=`zVCifZAnyZAc=`¤w[g'Y$X'ZAwyifdfe+g'dfX'ZAw
`a�'_Ri�^ZAdfdS`adfe+g'ZAw �kt�Y[_�ºRZ¤Z�`GVCikQ 0�P-�R|=s��/t�Y[_�ºRZ¤Z�`GVCikQ 0)P-�R|R� �"t�Y[_�ºRZyVCc'X hY¸�=VCc0¨P-�R|R� �/t�Y[_�ºRZyVCc'X
WV &CZAY 0"P-�R|C� �´Q

� � � ��� � ����
 8:5� 	 5@430
	 ��� �9  430 � 5@; �,8:5 � �� ���

�¨�#�y9:B/ "�#�y ¨L %����#,"45�#9:�#>3�
²IZ�i�V n 9ZAnyZ���V��bA_Rc e+g'Z!�3_Rg'YyifZAwy`aY[_#b�`a_RifdS`aZAwyVCg w[ZAc'w8w¸`aY[dfb�`(0¨ifZAwy`aY[_#b�`a_RifdS`aZAw!¡V:bAifdfc'_R�=�=�

Y[_Nµ¶¡ZAc'Z�w[ZI�'Y#^ZAw[ZAc=`aZAc=`~w[_Rg'wKX'dSºRZAY[w[ZAwW�*_RY[nyZAw�w[g'YWifZx`aZAY[YaVCdfconoVCdfw�ifZAw��*_RY[nyZAwWVCg�`aY[ZAwWe+g'Z�ifZ~�-if_Rc
X'Z�º#dfZAc'c'ZAc=`G`aYA¡ZAwGYaVCY[ZAwAQ �xc'Zye+g-VCYaVCc=`zVCdfc'ZyX'ZybAZAw�^ZAbz�-VCc=`adfifif_Rc'w]X'Z¤`aY[_#b�`a_RifdS`aZJbA_Rc�`adfZAc'ZAc=`J�'ifg'w
X'Z�P�� 
�X'Z¤bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0?w[ZAif_Rc g'c'Z$bAi�VCw[w[dS�-bNV<`adf_Rc{�-VCw#^ZAZ$g'c'dfe+g'ZAnyZAc=`qw[g'Y�ifZAw��'Y[_R�3_RY¸`adf_Rc'w
nydfch^ZAYaVCif_R\Rdfe+g'ZAw � �+`aY[ZAb)&CZAdfw[ZAc0"P-�=r���� 0�bAZAw~Y[_#bz�'ZAwKw[ZAYaVCdfZAc=`~X'ZAw~\=VC�'�'Y[_Rwq¡VJ_RifdSº#dfc'ZCQ ��^ZNVCc'ny_Rdfc'w 0
`a_Rg'w¨bAZAw¤^ZAbz�-VCc=`adfifif_Rc'w�w[_Rc=`hbNVCYaVCb�`�^ZAY[dfw#^ZAw¨�-VCY¨ikj VCw[�3ZAb�`�dfc=`aZAY[w¸`adS`adfZAi�X'ZxifZAg'Y[w�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw��*e+g'Z



¢ " ¢ �¨�#� 0 45B/;C��B3(��¥���#� 2 O

ikj _Rc{�3ZAg�`]Xh^Z¾�5¡V�_R�'w[ZAY¸ºRZAYqnoVCbAY[_Rw[bA_R�'dfe+g'ZAnyZAc=`o¡V�ikjM^ZAbz�'ZAififZJX'Z$ikjM^ZAbz�-VCc=`adfifif_Rc0§ºR_RdfYv�-\Rg'Y[ZAwGs#QmsC� 0
s#QSP�|�Z�`Gs#QmsC��V��vdfc'X'dfe+g-VCc=`]i�V8bAY[dfw¸`zVCififdfwaV<`adf_Rc�`zVCY[X'dSºRZ$X'Z¤bAZ�`[`aZ¤�'�-VCw[ZyX-VCc'w]bAZAw]Y[_#bz�'ZAwAQ�}/ZAg'Y[w
^ZA�-VCdfw[w[ZAg'Y[wJZ�`JX'ZAc'w[dS`�^ZAwGw[_Rc=`Jw[ZAnJ�'i�VC�'ifZAw�¡V�bAZAififZAwG_R�'w[ZAY¸º¨^ZAZAwJ�3_Rg'YGifZAw]�-if_Rc'wqX'Zy`aY[_#b�`a_RifdS`aZyVCg
w[ZAc'w¤w¸`aY[dfb�`(0x¡V{waVNºR_RdfY$e+g'Z�ifZAwJ`aY[_#b�`a_RifdS`aZAw�¡V{bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�w[Z��'Y#^ZAw[ZAc=`aZAc=`8bAi�VCw[w[dfe+g'ZAnyZAc=`¤w[g'Y
ifZG`aZAY[YaVCdfc{w[_Rg'wI�*_RY[nyZJX?j g'c w[ZAg'i��-if_Rc!dfw[_Ri�^ZJX?j g'c'Z$X'df±NVCdfc'ZJX'Z$bAZAc=`adfn�¡Z�`aY[ZAw�X?jM^ZA�-VCdfw[w[ZAg'Y 0/X-VCc'w
e+g'ZAife+g'ZAwxbNVCw 0-YaVCY[ZAw 0-ifZAwK�-if_Rc'wKw[_Rc=`x�'ifg'w~c'_RnJ�'Y[ZAg#µ�_Rg�w[_Rc=`xi�VCY[\RZAwKX'Z]e+g'ZAife+g'ZAwxn�¡Z�`aY[ZAwAQ
}/ZAw�ny_#X'ZAw8X?j V<¬yZAg'Y[ZAnyZAc=`�X'ZAw8`aY[_#b�`a_RifdS`aZAw ¡V�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �3ZAY[nyZ�`[`aZAc=`���VCbAdfifZAnyZAc=`8X'Z

nyZAw[g'Y[ZAY�X'ZAw�_RY[dfZAc=`zV<`adf_Rc'w�X'ZW�'i�VCc'w)�3_Rg'Y)bz�-VCbAg'c$X'ZWbAZAw)�-if_Rc'wAQRTh_RnynyZh�3_Rg'Y)ifZAw�`aY[_#b�`a_RifdS`aZAw)VCg
w[ZAc'wxw¸`aY[dfb�`(0�bAZAwx_RY[dfZAc=`zV<`adf_Rc'wWw[_Rc=`~\Rif_R�-VCifZAnyZAc=`KbA_Rc'w¸`zVCc=`aZAw~Z�`x�-VCYaVCifik¡ZAifZAw]¡V$bAZAififZIX'g�bA_Rny�'ifZ´µ�Z
�-if_Rc'dfZAc �¥ºR_RdfYW�-\Rg'Y[ZAwIs#QSP5sJZ�`,�GQms70 �GQSP�� 0 �GQ �$Z�`,�GQSPRP]X-VCc'w~ikj VCc'c'Z´µ�Z	���´Q

�¨�#�y;R%'45%-;C� ��+45�#� �$H�=��45B§2§45% �)¦���£?,"�#�

�$	���� s#QmsRs �p¯�Z´µ#`ag'Y[Z�Y[ZAbAY[dfw¸`zVCififdfw#^ZAZ�X'ZAw��'i�V5�
\Rdf_#bAi�VCw[ZAwGZ�`¤X'ZAw$_RifdSº#dfc'ZAwGX-VCc'w$g'c'Z8`aY[_#b�`a_RifdS`aZ
¡V bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0$ifZ�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�VC�'�-VCYaV-9<S`
ZAc��'i�VC\RZAw:�  ]bAdfifdS`adfe+g'ZAw��*noVCw[w[dS��X'Z �#g'noV�j dfi 0
^ZAbz�-VCc=`adfifif_Rc �=» � s��´Q�}/g'nydk¡ZAY[Z8�3_Ri�VCY[dfw#^ZAZ�0)c'd �
bA_RifwKbAY[_Rdfw#^ZAwAQ

}�j _R�'w[ZAY¸ºCV<`adf_Rc]noVCbAY[_Rw[bA_R�'dfe+g'Z�X'ZAw�^ZAbz�-VCc#�
`adfifif_Rc'w X'Z `aY[_#b�`a_RifdS`aZAw�¡V bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
ny_Rc=`aY[Z�e+g'Z�bAZAw Y[_#bz�'ZAw�c'Z�w[_Rc=` �-VCw �'_<�
ny_R\'¡ZAc'ZAw 0!ifZAw ±A_Rc'ZAwp_/¡g�ifZ bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
ZAw¸`:�'Y#^ZAw[ZAc=`�^Z�`zVCc=`�if_#bNVCifdfw#^ZAZAw{ZAc ºRZAdfc'ZAw�_Rg
ZAc{±A_Rc'ZAw�X?j dfny�'Y#^ZA\Rc-V<`adf_Rc �¥�-\Rg'Y[Z¤s#QmsC���´Q¶}/ZAw
�'Y[_R�3_RY¸`adf_Rc'wvnydfch^ZAYaVCif_R\Rdfe+g'ZAw~w[_Rc=`]X'_Rc'bJw[g'wM�
bAZA��`adf�'ifZAw�X'Z ºCVCY[dfZAY�¡V g'c'Z ^ZAbz�'ZAififZ �'ifg'w
\RYaVCc'X'Z�e+g'Z�bAZAififZ X'Z�i�V�i�VCnyZ�nydfc'bAZ
�!dfi
ZAw¸` ¡V�c'_C`aZAY�¡V�bAZ��'Y[_R�3_Rw e+g'Z�ifZAw �'Y[_R�3_RYM�
`adf_Rc'w�nydfch^ZAYaVCif_R\Rdfe+g'ZAw8X'_Rc'ch^ZAZAw��3_Rg'Y�ifZAw����
\Rg'Y[ZAwxs#QmrGZ�`vs#QSP-���8VCdfc'w[d¶e+g'Z]bAZAififZAwWX'_Rc'ch^ZAZAw
X-VCc'w�ifZAw�X'd�VC\RYaVCnynyZAw:w[g'dSºCVCc=`aw � _Rc=` ^Z�`�^Z
Xh^Z�`aZAY[nydfch^ZAZAw]w[g'Yqi�VCnyZAwInydfc'bAZAw 0/bCj ZAw¸`¸�A¡V5�¾X'dfY[Z
w[g'YJg'c'Z�w[g'Y¸��VCbAZ8Y[ZAi�V<`adSºRZAnyZAc=`$Y[ZAw¸`aY[ZAdfc=`aZ8X'Z
ikjM^ZAbz�-VCc=`adfifif_Rc Z�`�e+g?j dfiI��V�X'ZAw�±A_Rc'ZAw�X'Z�i�V
Y[_#bz�'ZW_RgJifZhbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZWZAw¸`��'Y#^ZAw[ZAc=`I¡Vv�'ifg'w
X'Zx�=��
�b"9_C`a_��=VCc=`WX'ZAw�±A_Rc'ZAw��'g'Y[ZAnyZAc=`�`aY[_#b´�
`a_RifdS`adfe+g'ZAwoVNºRZAb ny_Rdfc'wyX'Z�» 
 X'Z{bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'Z �*bA_RnynyZ$bCj ZAw¸`JifZ¤bNVCwq�-VCYqZ´µ�ZAny�'ifZ¤X'ZyikjM^ZAbz�-VCc=`adfifif_Rc��R� �,� ��� 0?�-\Rg'Y[ZAwJs#QmsC� 0�s#Qms#PyZ�`
s#QSP����´QW²Jj g'c'Z{±A_Rc'Z ¡V�ikj VCg�`aY[Z�0hifZ{�-VCw[waVC\RZ{X'g ��VCbAdk¡ZAw �y`aY[_#b�`a_RifdS`aZ��   #  !�& � ��� � � 
 VCg ��VCbAdk¡ZAw
�h`aY[_#b�`a_RifdS`aZy¡V$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�
yw[Z���VCdS`KX'Z���V��bA_Rc��'Y[_R\RY[ZAw[w[dSºRZCQ
}/ZAw¨`aY[_#b�`a_RifdS`aZAwx¡V]bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZxVC�'�-VCYaVCdfw[w[ZAc=`hZAcyi�VCnyZWbA_RnynyZKX'ZAw�bAg'nJg'i�V<`awv¡V�`aZ´µ#`ag'Y[ZxX'Z

n�^ZAw[_RbAg'nJg'i�V<`�_RgJX?j _RY¸`a�'_#bAg'nJg'i�V<`��-VCY¸�*_Rdfw"�-VCY¸`adfZAififZAnyZAc=`"Y[ZAbAY[dfw¸`zVCififdfw#^ZAwAQ5}"VxY[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc�ZAw¸`
�'dfZAcy�'ifg'w¨YaVCY[Z~e+g'ZxX-VCc'w¨ifZAw$^ZAbz�-VCc=`adfifif_Rc'w�X'Z~`aY[_#b�`a_RifdS`aZKVCgyw[ZAc'w�w¸`aY[dfb�`(0=ch^ZNVCc'ny_Rdfc'w�ZAififZKZAw¸`�`aYA¡ZAw
�3_Rg'w[w#^ZAZ~X-VCc'w¨bAZAY¸`zVCdfc'wJ^ZAbz�-VCc=`adfifif_Rc'w�X'g¤noVCw[w[dS�3X'Z,�#g'noV�j dfi �*bA_RnynyZWikjM^ZAbz�-VCc=`adfifif_Rc �=» ��s70CºR_RdfY
�-\Rg'Y[Z¤s#QmsRs��´Q¶}/ZAw�_RifdSº#dfc'ZAwxw[_Rc=`�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwIe+g-VCc'X ZAififZAwvw[_Rc=`�dfc'bAifg'w[ZAwIX-VCc'wIifZAwI�'i�VC\RZAw
�  ]bAdfifdS`adfe+g'ZAw~X'ZJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�03noVCdfwxZAififZAwx_#bAbAg'�3ZAc=`�w[_Rg�ºRZAc=`]g'c'ZG�3_Rw[dS`adf_Rc�dfc=`aZAY[w¸`adS`adfZAififZ��-VCY
YaVC�'�3_RY¸`¤VCg#µ��'i�VC\Rdf_#bAi�VCw[ZAwG�'dfZAc�e+g'Z�ifZAg'YJY[ZAi�V<`adf_Rc'wq`aZ´µ#`ag'YaVCifZAwyVNºRZAb�bAZAw¤X'ZAY[c'dfZAY[w$dfc'X'dfe+g'ZAc=`(0



2 $ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8"�&�#/0���"/0%0�����'��A�J45���/�)&�����"% � � !#� ,-$8G�L��*+%JÀ���"�A�$!#�?���"%?������#í���%?/0!#�?�7/0�"!#%?������

�$	���� s#QmsC� � ¯�Y[_#b�`a_RifdS`aZ�¡V�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z{c'_Rc�Xh^Z��*_RY[n�^Z!X'g�noVCw[w[dS�qX'Z6��VCnoVCX ��^ZAbz�-VCc=`adfifif_Rc
�R� �	� �=���{ny_Rc=`aYaVCc=`:ifZ bNVCYaVCb�`N¡ZAY[Z��  ]bAdfifdS`adfe+g'Z�X'g bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�Z�`�X'ZAw:bAY[dfw¸`zVCg#µ�w[g'�#�
VCg�`a_Rny_RY[�'�'ZAwKX'Z]�'i�VC\Rdf_#bAi�VCw[ZvZAc�dfc'bAifg'w[df_Rc�X-VCc'w~ikj _RifdSº#dfc'ZCQ

bA_RnynyZ�bCj ZAw¸`�ifZhbNVCw)�3_Rg'Y)ifZAw�`aY[_#b�`a_RifdS`aZAw)VCgJw[ZAc'w�w¸`aY[dfb�`(0<g'c'ZWbAY[dfw¸`zVCififdfwaV<`adf_Rc�w[g'�#�¾bA_Rc=`aZAny�3_RYaVCdfc'Z
X'ZAwIX'ZAg#µ!�'�-VCw[ZAwAQ?}/ZAwv�'i�VC\Rdf_#bAi�VCw[ZAwxVC�'�-VCYaVCdfw[w[ZAc=`IZAc!\RYaVCdfc'wxw[g'�#�MVCg�`a_Rny_RY[�'�'ZAw 03Z´µ�bAZA��`�^Z$X-VCc'w
ifZAwxe+g'ZAife+g'ZAwI±A_Rc'ZAwvY[ZAbAY[dfw¸`zVCififdfw#^ZAZAw �¥�-\Rg'Y[ZAw�s#Qms#PGZ�`�s#QmsC���´Q3²IZqYaVCY[ZAwx_R�-VCe+g'ZAw �¥`a_Rg5�[_Rg'Y[wxny_Rdfc'w
X'Zos 
 �Iw[_Rc=`q�'Y#^ZAw[ZAc=`aw 0"ifZAg'Y�ny_RY[�'�'_Rif_R\RdfZGw[g'�#�MVCg�`a_Rny_RY[�'�'Z$ny_Rc=`aY[Z$e+g'Z¤ifZAg'Y�bAY[dfw¸`zVCififdfwaV<`adf_Rc
V�^Z�`�^Z]w[g'�#�¾bA_Rc=`aZAny�3_RYaVCdfc'Z�X'Z]bAZAififZAw~X'ZAw~�'i�VC\Rdf_#bAi�VCw[ZAwWZ�`xX'ZAwx_RifdSº#dfc'ZAw 0�bAZ]w[_Rc=`vifZ��'ifg'w~w[_Rg�ºRZAc=`
X'ZAwIw[�'dfc'ZAififZAwxbz�'Y[_RnydS�M¡ZAY[ZAw �*bA_RnynyZqX-VCc'wvikjM^ZAbz�-VCc=`adfifif_Rc ��� �	� �=� 0§ºR_RdfY~�-\Rg'Y[Z¤s#QmsC�����§ZAc=º#dfY[_Rc
g'c�`adfZAY[wKX'ZAw�^ZAbz�-VCc=`adfifif_Rc'wWbA_Rc=`adfZAc'c'ZAc=`vX'ZAwxw[g'iS�*g'Y[ZAw �¥ºR_RdfYW`zVC�'ifZNVCg�s#QSP��´Q

�xc�X'ZAw�^ZAbz�-VCc=`adfifif_Rc'wWifZAwK�'ifg'wKw[�3ZAb�`zVCbAg'i�VCdfY[ZAw~X'Z�bAZ���VCbAdk¡ZAw~V�^Z�`�^Z]�'Y#^ZAifZ�º¨^Z]X-VCc'wKifZ�noVCw[w[dS��X'Z
��VCnoVCX � ��� �	� �=� 0-ºR_RdfYx�-\Rg'Y[Z¤s#QmsC��� 0§dfi�c?j Vo�-VCw�^Z�`�^ZJV<¿¶ZAb�`�^ZJ�-VCYvi�Vyny_Rdfc'X'Y[ZqXh^Z��*_RY[noV<`adf_Rc�Z�`
ifZ~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZvV]bAY[dfw¸`zVCififdfw#^ZKZAco�'i�VC\RZAw¨�  ]bAdfifdS`adfe+g'ZAw�VCg�`a_Rg'Y�X'ZAw�_RifdSº#dfc'ZAw�Z�`hX'ZAw��'i�VC\Rdf_#bAi�VCw[ZAwAQ
��^ZNVCc'ny_Rdfc'whbAZ�bNVCwWZAw¸`~YaVCY[Z�0�i�Vq�'ifg'�-VCY¸`WX'ZAw8^ZAbz�-VCc=`adfifif_Rc'whX'Zv`aY[_#b�`a_RifdS`aZ$¡VJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�VN�=VCc=`
w[g'�'d�g'c'Z{Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc �'ifg'w8_Rg�ny_Rdfc'wo�3_Rg'w[w#^ZAZCQ~}/ZAw ^ZAbz�-VCc=`adfifif_Rc'woX'g�noVCw[w[dS�qX'Z �vV &+�'i
g�`adfifdfw#^ZAwGbA_RnynyZoZ´µ�ZAny�'ifZ �¥�-\Rg'Y[ZAw¤s#QSP�| 0�s#QmsC��Z�`ys#Qms#P��qw[_Rc=`$Y[ZA�'Y#^ZAw[ZAc=`zV<`adS�*w$X'g���VCbAdk¡ZAwJifZ8�'ifg'w
bA_RnynJg'c0?_Rc _R�'w[ZAY¸ºRZog'c Xh^ZA�'g�`GX'Z¤Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc�e+g'd¨V<¿¶ZAb�`aZ¤�'Y[dfc'bAdf�-VCifZAnyZAc=`�ifZAw�±A_Rc'ZAw�¡V
�'i�VC\Rdf_#bAi�VCw[ZIZ�`¤¡Vy_RifdSº#dfc'Z�_/¡g�ifZ]bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZGZAw¸`IVC�'w[ZAc=` �¥�-\Rg'Y[ZAw�s#Qms#Pq��Z�`�s#QmsRs��´Q§²�VCc'w~`a_Rg'w
ifZAwKbNVCwxikj _RY[X'Y[ZIX'ZqbAY[dfw¸`zVCififdfwaV<`adf_RcyZAw¸`q� � ( � ©y( � ��© �¨£ # � E=�¶.
}"V�`zVCdfififZ�X'ZAw�\RYaVCdfc'w8ZAw¸`�ºCVCY[d�VC�'ifZ ¡V�ikj dfc=`�^ZAY[dfZAg'Y8X?j g'c�n 9ZAnyZ ^ZAbz�-VCc=`adfifif_Rc0hifZAw�\RYaVCdfc'w�X'Z

�'i�VC\Rdf_#bAi�VCw[Z]_Rg{X?j _RifdSº#dfc'Zqw[_Rc=`�w[_Rg�ºRZAc=`GVCw[w[ZA±J�-c'w���X'Z�P�¡V�»ynyn	��noVCdfwvifZAwvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw
�*_RY[nyZAc=`~X'ZAwx�'i�VC\RZAwK�  ]bAdfifdS`adfe+g'ZAwW�3_Rg�ºCVCc=`~Xh^ZA�-VCw[w[ZAYv�¤_Rg�»
� � �¥�-\Rg'Y[ZGs#QmsC���´Q
Th_RnynyZ¤�3_Rg'Y]ifZAwqVCg�`aY[ZAw]��VCbAdk¡ZAw�`aY[_#b�`a_RifdS`adfe+g'ZAw 0?ifZAw]�'Y[_R�3_RY¸`adf_Rc'w�nydfch^ZAYaVCif_R\Rdfe+g'ZAwIw[_Rc=`qºCV5�

Y[d�VC�'ifZAw��¥�-\Rg'Y[Z�s#QSP-��� 0�e+g'ZAife+g'ZAw�^ZAbz�-VCc=`adfifif_Rc'wJbA_Rc=`adfZAc'c'ZAc=`yg'c�`aYA¡ZAw$��VCdf�'ifZo�3_Rg'Y[bAZAc=`zVC\RZ�X?j _RYM�
`a�'_R�=�#Y[_Nµ¶¡ZAc'Z��*ny_Rdfc'w~X'ZJ��
 �~Z�`ve+g-VCc'X!bAZGnydfch^ZAYaVCi/ZAw¸`I�'Y#^ZAw[ZAc=`(0¶bCj ZAw¸`I`a_Rg5�[_Rg'Y[wxZAc!bA_Rg'Y[_Rc'c'Z
Y#^ZNVCb�`adf_Rc'c'ZAififZ{ZAc=`aY[Z�ifZAw�_RifdSº#dfc'ZAw8Z�`�ifZAw��'i�VC\Rdf_#bAi�VCw[ZAwAQW}"V��'Y[_R�3_RY¸`adf_Rc X'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�ZAw¸`



¢ " ¢ �¨�#� 0 45B/;C��B3(��¥���#� 2��

�$	���� s#Qms<� � +)dfif_Rc'wJ�-VCYaVCifik¡ZAifZAwJX'Z�\=VC�'�'Y[_ ¡V
_RifdSº#dfc'Z�`aZAifw�e+g?j _RcÀifZAw:ºR_RdS`�w[g'Y�ifZ�`aZAY[YaVCdfc
�*noVCw[w[dS��X'Z �]VC� %WVCX0§w[g'iS`zVCc-V<`~X?jmlInoVCc �´Q

�$	���� s#QmsR» � �)µ�ZAny�'ifZ X'Z ±A_Rc-VC\RZ
nydfch^ZAYaVCif_R\Rdfe+g'Z�X-VCc'w g'cF�-if_Rc�X'Z \=VC�#�
�'Y[_�¡V�_RifdSº#dfc'Z �*noVCw[w[dS�yX'Z �vV &+�'i 0Iw[g'iS`zVCc-V<`
X?jmlInoVCc �´Q

VCw[w[ZA±�ºCVCY[d�VC�'ifZ �*X'Z!» 
�¡V��=� 
 �$noVCdfw¤ZAififZ�X'_RdS`yY[ZAw¸`aZAYy��VCdf�'ifZ�X-VCc'wyikj ZAc'w[ZAnJ�'ifZ�X'g ��VCdS`yX'Z
ikj �h^Z�`�^ZAY[_R\)^ZAch^ZAdS`�^Z¤X'ZAw�^ZAbz�-VCc=`adfifif_Rc'wAQ/}/Z¤`zVCg#µ X'ZybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZyifZ¤�'ifg'w]bA_Rg'YaVCc=`G�3_Rg'Y]ifZ$��VCbAdk¡ZAw
X'Zq`aY[_#b�`a_RifdS`aZo¡VybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZJw[ZGw[dS`ag'ZqZAc=`aY[Z8P���
�Z�`]sC��
 �¥�-\Rg'Y[Z$s#QSP5r��´Q3}"Vy�'Y[_R�3_RY¸`adf_Rc�X'Z
�'i�VC\Rdf_#bAi�VCw[ZxºCVJX'Zq�R� 
�¡V¤|R� 
�VNºRZAb]g'c��'dfb�X'ZI�*Y#^ZAe+g'ZAc'bAZqZAc=`aY[ZG»C� 
ÀZ�` �R� 
 �¥�-\Rg'Y[Zqs#QSP5r�� 0
Z�`KX?j _RifdSº#dfc'Z~X'ZJP�� 
 ¡V �R� 
�VNºRZAb�g'c��'dfbvX'Zv�*Y#^ZAe+g'ZAc'bAZ�ZAc=`aY[Z$P�� 
 Z�`xsC� 
8Q�}/ZAwK�'Y[_R�3_RY¸`adf_Rc'w
nydfch^ZAYaVCif_R\Rdfe+g'ZAwIifZAwq�'ifg'w]bA_Rg'YaVCc=`aZAwG�3_Rg'Y]ifZAw�`aY[_#b�`a_RifdS`aZAwo¡V�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Zow[_Rc=`GX'_Rc'by\RY[_Rw[w[_<�
ny_#X'_�� �R� 
¹��i�� sC� 
lIi � sC� 
Th�Rµ103bCj ZAw¸`¸�A¡V5�¾X'dfY[Z�0-ZAc�`aZAc-VCc=`vbA_Rny��`aZ]X'ZAwxdfny�'Y#^ZAbAdfw[df_Rc'w
w[g'YWi�V]Xh^Z�`aZAY[nydfc-V<`adf_RcyX'ZAwWny_#X'ZAw 0#e+g'ZIbAZIw[_Rc=`WifZAwh�'Y[_R�3_RY¸`adf_Rc'w �*�'ifg'wh�'Y#^ZAbAdfw#^ZAnyZAc=`KX'Z�»C| 
���i
��P5r 
�lIi ��sR» 
�Th�Rµ �h_R��`aZAc+g'ZAw~Z´µ��h^ZAY[dfnyZAc=`zVCifZAnyZAc=`K�3_Rg'YWi�VGbAY[dfw¸`zVCififdfwaV<`adf_RcyX?j g'c�noVC\RnoV
X'Z�`¾�#�3Z �!l /,�VCg��h^ZAY[dS`aZAb�`adfe+g'ZGlIi ����i �'Th�Rµ �kt�Y[_�ºRZ]Z�`vVCikQ 0¶P-�R|=s��§t�Y[_�ºRZ]Z�`vVCikQ 0¶P-�R|R� �§t�Y[_�ºRZ
VCc'X hY¸�=VCc0KP-�R|R� ��t�Y[_�ºRZ�VCc'X WV &CZAY 0KP-�R|C� ����iS`a�'_Rc0WP-���R��� 0)Z�`ybAZ�ZAc Xh^ZA�'dS`¤X'g���VCdS`$e+g'Z�ifZ
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z]ZAw¸`vg'c'Z]�'�-VCw[Z]�3_Rw¸`¸�¾bAg'nJg'ifg'wAQ

� >"�!&�4 ��=63�{;RB3>�;=(�,��N�*B3>
}/ZAw]`aZ´µ#`ag'Y[ZAwqX'ZAwq�-VCY[±A�'g'Y[\RdS`aZAw8¡V��'i�VC\Rdf_#bAi�VCw[ZGny_Rc=`aY[ZAc=`qe+g?j dfi�� V�ZAg�bAdfY[bAg'i�V<`adf_Rc�`zVCY[X'dSºRZ

X?j g'cqnoVC\RnoVWVN�=VCc=`)�'Y#^ZAbAdf�'dS`�^Z�X'g]�'i�VC\Rdf_#bAi�VCw[Z)�'g'dfw/X'gqbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z¨Z�`�g'cqXh^ZA�'g�`�X'Z¨Y[ZAbAY[dfw¸`zVCififd �
waV<`adf_RcJX-VCc'w�ifZW�'i�VC\Rdf_#bAi�VCw[Z¨ny_Rc=`aY[Zhe+g'ZKbAZ�`[`aZK�'Y#^ZAbAdf�'dS`zV<`adf_RcGVIX 9gJw[ZW��VCdfY[Z�¡VIY[ZAi�V<`adSºRZAnyZAc=`��-VCg�`aZ
`aZAny�h^ZAYaV<`ag'Y[Z$�3ZAY[nyZ�`[`zVCc=`]g'c'Z¤X'dS¿¶g'w[df_Rc!dfc=`aYaV5�¾bAY[dfw¸`zVCififdfc'ZqZ�`]g'c Y#^Z´�R^ZAe+g'dfifdf�'YaVC\RZJVCg#µy�[_Rdfc=`aw�X'Z
\RYaVCdfc'wAQ+}/ZAw�bAg'nJg'i�V<`aw�`aY[_#b�`a_RifdS`adfe+g'ZAw 0RZAg#µ10+Y#^ZAw[g'iS`aZAc=`WX'Zxi�V�bAY[dfw¸`zVCififdfwaV<`adf_RcGX?j g'conoVC\RnoV�ifZ~if_Rc'\
X'g�bA_C`aZAb�`adfe+g'Z8_RifdSº#dfc'Z´�¾�'i�VC\Rdf_#bAi�VCw[Z�0§ifZAwq`aZ´µ#`ag'Y[ZAwJX'Z8Y[ZAbAg'dS`q�*Y#^ZAe+g'ZAc=`aZAw$X-VCc'wJbAZAw:^ZAbz�-VCc=`adfifif_Rc'w
ny_Rc=`aY[ZAc=`vX'ZGn 9ZAnyZ]e+g'ZG�3_Rg'YxifZAw~��VCbAdk¡ZAw~dfny�'Y#^ZA\Rch^ZAwxg'c�Y#^Z´�R^ZAe+g'dfifdf�'YaVC\RZ]w[g'�'w[_RifdfX'g'wxX'ZAwvbAg'nJg#�
i�V<`awAQ'lIc�Y[Z�`aY[_Rg�ºRZ]ZAc'bA_RY[Z�0'noVCdfw��'ifg'wWYaVCY[ZAnyZAc=`KbAZAwW`aZ´µ#`ag'Y[ZAw~X'Z�Y[ZAbAg'dS`awWX-VCc'wWifZAwh`aY[_#b�`a_RifdS`aZAw]¡V
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0¶ZAififZAwvw[_Rc=`�X?j VCdfififZAg'Y[w~�'ifg'wvbA_Rg'YaVCc=`aZAw�X-VCc'wIifZAwv±A_Rc'ZAwI�'g'Y[ZAnyZAc=`I`aY[_#b�`a_RifdS`adfe+g'ZAw
e+g'ZhX-VCc'w�ifZAw"±A_Rc'ZAw)Y[dfbz�'ZAw)ZAc'bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0<ny_Rc=`aYaVCc=`�g'cGXh^ZA�'g�`)X'ZhY#^Z´�R^ZAe+g'dfifdf�'YaVC\RZ�noVCdfw"ny_Rdfc'w
�3_Rg'w[w#^Z~e+g'Z~�3_Rg'Y�ifZAw¨VCg�`aY[ZAw���VCbAdk¡ZAwAQ=}/ZAw¨dfny�'ifdfbNV<`adf_Rc'w"�h^Z�`aY[_Rif_R\Rdfe+g'ZAw�X'ZAw�_R�'w[ZAY¸ºCV<`adf_Rc'w�Y#^ZNVCifdfw#^ZAZAw
w[g'Y~bAZAw~`aY[_#b�`a_RifdS`aZAwKVCg�w[ZAc'wxi�VCY[\RZ�w[ZAY[_Rc=`x�'ifg'wxVCny�'ifZAnyZAc=`KXh^ZA�-V<`[`ag'ZAwvVCg�bz�-VC�'dS`aY[Z]�'QSPRQ



2 � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Qms�� � ^��bz�-VCc=`adfifif_Rc�X'Z�\=VC�'�'Y[_p¡V�_Rifd �
º#dfc'Z ¡V�\RYaVCdfc'wo�-c'w�VNºRZAb bAY[_Rdfw[waVCc'bAZ{�-VCY[Y[dfw[d �
`adfe+g'ZyVCg#µ�^ZA�3_Rc=`aZAw�*noVCw[w[dS�hX'g ��VCX'd �¾¯)VN�#dfc0
^ZAbz�-VCc=`adfifif_Rc��R� ��� � ���´Q

�$	���� s#QmsRr ���)µ�ZAny�'ifZGX?jM^ZAbz�-VCc=`adfifif_Rc�X'Zq\=VC�#�
�'Y[_ ¡Vy_RifdSº#dfc'Zo¡Vy\RYaVCdfc�ny_��RZAc��*noVCw[w[dS��X'Z ��V5�
noVCX0W^ZAbz�-VCc=`adfifif_Rc���� �	� P��´Q

� ��� � ��� � ������
� ���� ),$���� ���!�

� ������� � ����� 5 	���� 	�� 9�� ��� 8 � � � � 	

}/ZAwy\=VC�'�'Y[_Rw{¡V _RifdSº#dfc'Z8w[Z��'Y#^ZAw[ZAc=`aZAc=`�ifZ��'ifg'w¤w[_Rg�ºRZAc=`8w[g'YyifZ�`aZAY[YaVCdfc�w[_Rg'wy�*_RY[nyZ�X'Z����
if_Rc'w 0 hdfZAc�e+g'Z�X'ZAwK�-if_Rc'wq¡VJbA_Rc=`zVCb�`awKX'dS¿¶g'wKVNºRZAb]ikj ZAc'bNVCdfw[waVCc=`Kw[_RdfZAc=`~if_#bNVCifZAnyZAc=`h_R�'w[ZAY¸º¨^ZAw 0§dfifw
c?j VC�'�-VCYaVCdfw[w[ZAc=`¨�aVCnoVCdfwKw[_Rg'wv�*_RY[nyZ]X?j dfny�'Y#^ZA\Rc-V<`adf_Rc'w~X'dS¿¶g'w[ZAwAQ¶}/ZAwv±A_Rc-V<`adf_Rc'wxnydfch^ZAYaVCif_R\Rdfe+g'ZAw
VCg{w[ZAdfc!X?j g'c n 9ZAnyZq�-if_Rc��¥�-\Rg'Y[Z¤s#QmsR»��~w[_Rc=`I`aYA¡ZAwIbA_RnynJg'c'ZAw 0¶_Rc{_R�'w[ZAY¸ºRZ$�-VCY¸�*_Rdfw 03noVCdfwv�'ifg'w
YaVCY[ZAnyZAc=`(0/X'ZAwG�'�h^ZAc'_Rn�¡ZAc'ZAwqX'ZybAY[_Rdfw[waVCc'bAZy�-VCY[Y[dfw[dS`adfe+g'Z$X'ZAwG\RYaVCdfc'wo¡V�ikjM^ZA�3_Rc=`aZ �¥�-\Rg'Y[Z8s#Qms����´Q
ThZAw��-if_Rc'w�w[_Rc=`]`aYA¡ZAw]VC�3_Rc'X-VCc=`aw]w[g'Y�ifZJ`aZAY[YaVCdfc �*noVCdfwvY#^ZA�-VCY¸`adfw�X'ZJ��V��bA_Rc �h^Z�`�^ZAY[_R\'¡ZAc'Z�0/bA_RnynyZ
c'_Rg'w�ifZhºRZAY[Y[_Rc'w�VCg$bz�-VC�'dS`aY[ZK��Q ����Z�`¨g'c¤\RYaVCc'X$c'_RnJ�'Y[ZWX?jM^ZAbz�-VCc=`adfifif_Rc'w�Y#^ZAbA_RiS`�^ZAw�w[_Rc=`¨X'ZKbAZW`¾�#�3Z
�ksC�R� ^ZAbz�-VCc=`adfifif_Rc'w 0=bCj ZAw¸`¸�A¡V5�¾X'dfY[Z$¡V]�3ZAg8�'YA¡ZAwhifZxe+g-VCY¸`hX'ZvikjM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZ �´Q=}/ZAg'Yy^ZA�-VCdfw[w[ZAg'YhZAw¸`
\)^ZAch^ZAYaVCifZAnyZAc=`�X'Z$ikj _RY[X'Y[ZGX'Z$e+g'ZAife+g'ZAw]bAZAc=`adfn�¡Z�`aY[ZAwo¡V8e+g'ZAife+g'ZAw�X'df±NVCdfc'ZAwIX'Z$bAZAc=`adfn�¡Z�`aY[ZAw 0?ZAififZ
�3ZAg�`JVCififZAYh�[g'w[e+g?j¥¡V�g'c'ZoX'df±NVCdfc'Z¤X'Zon�¡Z�`aY[ZAwqX-VCc'wGX'ZAg#µ:_Rg�`aY[_Rdfw]bNVCwGdfw[_Ri�^ZAwAQ"}/ZAg'YJVC�3_Rc'X-VCc'bAZ
w[g'YJikj V<¬yZAg'Y[ZAnyZAc=`JZAw¸`$c'Z�`[`aZAnyZAc=`$w[g'�h^ZAY[dfZAg'Y[Z:¡V�bAZAififZoX'ZAwG`aY[_#b�`a_RifdS`aZAw 0"�'ifg'w[dfZAg'Y[wq�-if_Rc'w�^Z�`zVCc=`
w[_Rg�ºRZAc=`I�'Y#^ZAw[ZAc=`awIZAc�w#^ZAY[dfZAw 0§dfifwK�3ZAg�ºRZAc=`�bA_Rg�º#Y[dfY)�[g'w[e+g?j¥¡Vo�R� 
�X'Zqikj V<¬yZAg'Y[ZAnyZAc=` �¥ºR_RdfYK�-\Rg'Y[Z
s#Qms<� � 0¶noVCdfwIg'c'ZJ`aZAififZ$VC�3_Rc'X-VCc'bAZ$ZAw¸`qZ´µ�bAZA��`adf_Rc'c'ZAififZJZ�`(0?ZAc�\)^ZAch^ZAYaVCi 0¶dfifwIY[ZA�'Y#^ZAw[ZAc=`aZAc=`$s 
 ¡V
» 
�X'Z]i�V$w[g'Y¸��VCbAZCQ
lIc ifZAwJ`aY[_Rg�ºRZ�w[_Rg�ºRZAc=`oZAc w#^ZAY[dfZAw$X'Z��-if_Rc'w$�-VCYaVCifik¡ZAifZAw �¥�-\Rg'Y[Z�s#Qms<� �´Q�}/ZAg'Y[w¤_RY[dfZAc=`zV<`adf_Rc'w

w[_Rc=`��'dfZAc{�'ifg'wxºCVCY[d�VC�'ifZAwve+g'ZJbAZAififZAwvX'ZAwI`aY[_#b�`a_RifdS`aZAwxnoVCdfwxZAififZAwvX'ZAw[w[dfc'ZAc=`�`a_Rg�`�X'ZJn 9ZAnyZGg'c'Z
`aZAc'X-VCc'bAZ]\Rif_R�-VCifZv�'ifg'wK_Rg�ny_Rdfc'wW�-VCYaVCifik¡ZAifZ¤¡VJi�VJX'dfY[ZAb�`adf_Rc�X'g�bA_Rny�'ifZ´µ�Zv�-if_Rc'dfZAc�X-VCc'w~i�VJ±A_Rc'Z
bA_Rc'bAZAY[ch^ZAZ�¥�-\Rg'Y[ZAwIs#QmsC|$Z�`,�GQms70 �GQSP�� 0 �GQSP�� 0 �GQ � 0 �GQ � 0 �GQSPRP]Z�`,�GQSP5s$X'Z]ikj VCc'c'Z´µ�Z ���
½¾ifwG�*_RY[nyZAc=`$g'c�\RY[_Rg'�3Z8ifdS`a�'_Rif_R\Rdfe+g'Zy�'dfZAc��'ifg'wJ�'_Rny_R\'¡ZAc'Z8e+g'Z�ifZAwJ`aY[_#b�`a_RifdS`aZAw 0�bA_Rny�3_Rw#^Z

�'Y[dfc'bAdf�-VCifZAnyZAc=`IX'ZG`aY[_RdfwI�'�-VCw[ZAw �*�'i�VC\Rdf_#bAi�VCw[Z�0§_RifdSº#dfc'ZqZ�`]bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0¶ºR_RdfYv�-\Rg'Y[ZAwqs#QmsRryZ�`
s#Q ��P��hVNºRZAbq�-VCY¸�*_Rdfw 0�Z�`~X'ZI��V��bA_Rc�VCbAbAZAw[w[_RdfY[Z �*ny_Rdfc'whX'Zq� 
 � 0-e+g'ZAife+g'ZAw~�3_Rg'Y[bAZAc=`aw~X?j g'c'ZqVCg�`aY[Z
�'�-VCw[Z�`aZAififZ�X'ZAwy_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0h_R�-VCe+g'ZAwy_Rg�VCny�'�'df�3_RifZAwAQ��#g'Y¤ifZAwosC�R�p^ZAbz�-VCc=`adfifif_Rc'w 0�w[ZAg'ifw



¢ " � �¨�#� ��%'&�&�45B3� �%�©y(��¥6"��>"� 2¶ª

Bahla Musqat Fizh, Hilti

FZN

F
ZS

H
IL

Kawad, Musibit

K
W

D

M
SB

Nakhl

NAE

NAW

Haylayn, Sarami, Wuqbah

RU
SSAM

Suma’il

N
RS

MQD

SDS

Samad Ibra, Wadi Tayin

IB
R

W
T

N

�$	���� s#QmsC|��J��Y[_5�[ZAb�`adf_Rc'w�w¸`�^ZAY#^ZA_R\RYaVC�'�'dfe+g'ZAw¨ny_Rc=`aYaVCc=`�ifZAw�_RY[dfZAc=`zV<`adf_Rc'w�X'ZAw���VCbAdk¡ZAw�X'ZK\=VC�'�'Y[_Rwv¡V
_RifdSº#dfc'ZxZAc8�*_Rc'b�`adf_Rc8X'ZAwK±A_Rc'ZAwK\)^ZA_R\RYaVC�'�'dfe+g'ZAwAQ'��_Rg'YWbA_Rny�-VCYaVCdfw[_Rc0#ikj _RY[dfZAc=`zV<`adf_Rcyny_��RZAc'c'Z�X'g
bA_Rny�'ifZ´µ�Z]�-if_Rc'dfZAc��3_Rg'YxifZAwxX'dS¿x^ZAY[ZAc=`aZAwxY#^ZA\Rdf_Rc'wxZAw¸`vX'_Rc'ch^ZAZGw[g'Yxbz�-VCe+g'ZJw¸`�^ZAY#^ZA_R\RYaVCnynyZ]Z�`vZAw¸`
Y#^Z���^ZAY[ZAc'b3^ZAZvbA_RnynyZWw[g'dS`x� �����o�RnoVCw[w[dS�¶X'Z,+)df±A�¤w[g'X �kThZAg'ifZAc'ZAZAY 0§P-�R|������ �������RnoVCw[w[dS�¶X'Z,+)df±A�
c'_RY[X � �#nyZ %~dfc'\ 0-P-�R|R�RV � /~ZAg'�3ZAY 0§P-�R|R| �(��VCbN}/ZA_#X8VCc'X�/~_C`a�'ZAY¸��0§P-���=s������	��
��+noVCw[w[dS�¶X'Zv°xdfiS`ad
�kThZAg'ifZAc'ZAZAY 0�P-�R|��������� ���¶noVCw[w[dS�¨X'Z �]VC� %WVCX � ��dfw[w[ZAY[d 0)P-�R|=s���� ����� �?noVCw[w[dS�¨X'Z ��g'w[df�'dS`
� ��dfw[w[ZAY[d 0§P-�R|=s������	�����#noVCw[w[dS�?X'Z �vV &+�'i¶_Rg'ZAw¸` � hY[_ %~c'dfc'\ 0§P-�R|=s���ThZAg'ifZAc'ZAZAY 0¶P-�R|��������	�����
noVCw[w[dS�3X'Z �vV &+�'i-ZAw¸` � ��VCbN}/ZA_#XoVCc'X��hVC_Rg-VCc'bAe*0#sC�R�R��������� � �=noVCw[w[dS�3X'Z ��VCYaVCnyd �kThZAg'ifZAc'ZAZAY 0
P-�R|������ !������WnoVCw[w[dS�*w�X'Z�°vVN�#i�VN�#c�Z�` �:g'e+�-VC�����)VCififdfw¸`aZAY 0vP-�R|�P�� hY[_ %~c'dfc'\ 0IP-�R|=s��K²�VC�'i 0
P-�R|C� ��ThZAg'ifZAc'ZAZAY 0WP-�R|�������� �����)noVCw[w[dS�~X'Z �#g'noV�j dfi¨w[g'X�� ��dfw[w[ZAY[d 0�P-�R|=s������ !�� ��noVCw[w[dS�~X'Z
�#g'noV�j dfiCc'_RY[X� ��dfw[w[ZAY[d 0=P-�R|=s��5ThZAg'ifZAc'ZAZAY 0+P-�R|���������� ����noVCw[w[dS��X'Z��#g'noV�j dfi 0�Y#^ZA\Rdf_Rc]X'Z@��VCe+waVCX
�kThZAg'ifZAc'ZAZAY 0�P-�R|�� � ��VCbN}/ZA_#X¤VCc'X8/~_C`a�'ZAY¸��0#P-���=s�� �xdfbA_Ri�VCw)VCc'X h_Rg'X'dfZAY 0#P-���=»�� �C_Rg'w[w[ZAifdfcGZ�`�VCikQ 0
P-���R|�������� !���noVCw[w[dS�"X?j ½¾�'YaV����)VCififdfw¸`aZAY 0§P-�R|�P�� ��dfw[w[ZAY[d 0¶P-�R|=s���� �! �� �#noVCw[w[dS�"X'g���VCX'd¶¯)VN�#dfc
� ��dfw[w[ZAY[d 0#P-�R|=s��CThZAg'ifZAc'ZAZAY 0�P-�R|����´Q<��_Rg'Y)ifZhnoVCw[w[dS�'X'Z���VCnoVCX0�ºR_RdfY�ThZAg'ifZAc'ZAZAY 0'P-�R|��~Z�`���dfw[w[ZAY[d 0
P-�R|=s#Q �¨_RdfYh`zVC�'ifZNVCg�s#Q �$�3_Rg'YKi�V$i�^ZA\RZAc'X'Z]X'ZAw~w¸�#nJ�3_RifZAwAQ



O � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Qms���� ^��bz�-VCc=`adfifif_Rc$X'Z~\=VC�'�'Y[_�¡V�_RifdSº#dfc'Z
bA_Rc=`aZAc-VCc=`v�'ifg'wxX'Z¤P5» 
�X'Z]w[�'dfc'ZAififZ �*noVCw[w[dS�
X'Zq°vVN�#i�VN�#c0W^ZAbz�-VCc=`adfifif_Rc��R����� sC� 
 �´Q

�$	���� s#Q �R��� ^��bz�-VCc=`adfifif_Rc$X'Z~\=VC�'�'Y[_�¡V�_RifdSº#dfc'Z
Xh^Z��*_RY[n�^Z]Z�`v�-VCY[dfZAififZAnyZAc=`~nG�#if_Rc'dS`adfw#^Z �*noVCw[w[dS�
X'Z �]VC� %WVCX0K^ZAbz�-VCc=`adfifif_Rc ������� P-� 
 �´Q

�$	���� s#Q ��P ��t]VC�'�'Y[_�¡V _RifdSº#dfc'Zp¡V�`aZ´µ#`ag'Y[Z
X?j VCX'bAg'nJg'i�V<` �*noVCw[w[dS�¨X'Z �vV &+�'i 0x^ZAbz�-VCc=`adfifif_Rc
���  � �R���´Q }/g'nydk¡ZAY[Z �3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_Rifw
bAY[_Rdfw#^ZAwAQ

�$	���� s#Q �=s � t]VC�'�'Y[_�¡V _RifdSº#dfc'Z ¡V \RY[_Rw
\RYaVCdfc'w]Z�`�¡V8`aZ´µ#`ag'Y[ZyX'Zyn�^ZAw[_#bAg'nJg'i�V<` �*noVCwM�
w[dS��X'g ��VCX'd �¾¯)VN�#dfc0�^ZAbz�-VCc=`adfifif_Rc��R�����ps����´Q
}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

g'c'Z$e+g'dfc'±NVCdfc'ZG�*_Rc=`]Z´µ�bAZA��`adf_Rc Z�`]w[_Rc=`]bA_Rny�3_Rw#^ZAwIX'Z$e+g-V<`aY[Z$�'�-VCw[ZAw¤�?�'i�VC\Rdf_#bAi�VCw[Z�0§_RifdSº#dfc'ZqZ�`
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZqVNºRZAbq�'ifg'w~X'Z¤P�� 
�X?j VCny�'�'df�3_RifZAwW_Rg�X?j _R�-VCe+g'ZAwAQ

� ����� � � ���  9 8:9  	 �� 8 ��� ; �� 	 8:5�7�8:9<;�=�0  �����

�¨�#� ��%'&�&�45B3� �%�©y(��¥6"��>"�
��coi�VCnyZWnydfc'bAZ�0RifZAw�\=VC�'�'Y[_RwI¡V�_RifdSº#dfc'ZW�'Y#^ZAw[ZAc=`aZAc=`WX'ZAw¨`aZ´µ#`ag'Y[ZAw�X?j VCX'bAg'nJg'i�V<`��¥�-\Rg'Y[Zvs#Q ��P��

_RgoX'Zvn�^ZAw[_#bAg'nJg'i�V<` �¥�-\Rg'Y[Z�s#Q �R��� 0+ifZ~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZI_#bAbAg'�-VCc=`Ww[_Rg�ºRZAc=`Kg'c'Zv�3_Rw[dS`adf_Rcydfc=`aZAY[w¸`ad �
`adfZAififZIifZ�Xh^ZAw[df\Rc-VCc=`xbA_RnynyZ�nydfch^ZAYaVCi¶�3_Rw¸`¸�¾bAg'nJg'ifg'wAQ*�xc'Z]e+g'dfc'±NVCdfc'Z]X?jM^ZAbz�-VCc=`adfifif_Rc'wK�'Y#^ZAw[ZAc=`aZAc=`
X'ZAwx`aZ´µ#`ag'Y[ZAwI�-VCY¸`adfZAififZAnyZAc=`~Y[ZAbAY[dfw¸`zVCififdfw#^ZAZAw �¥�-\Rg'Y[ZJs#Q �C� � 0§i�V$Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc�ZAw¸`IYaVCY[ZqZ�`vc?j V<���
�*ZAb�`aZ��aVCnoVCdfw�i�V�`a_C`zVCifdS`�^Z$X'Zyi�V�i�VCnyZ¤bA_RnynyZ¤bAZAi�V��3ZAg�`�9Z�`aY[ZyifZybNVCwq�3_Rg'YqifZAw]`aY[_#b�`a_RifdS`aZAwAQ"}/ZAw
Y[ZAi�V<`adf_Rc'w8`aZ´µ#`ag'YaVCifZAw�ZAc=`aY[Z�nydfch^ZAYaVCg#µ�X-VCc'w�ifZAw�\=VC�'�'Y[_Rw�¡V _RifdSº#dfc'Z�¡V�`aZ´µ#`ag'Y[Z:X?j VCX'bAg'nJg'i�V<`



¢ " � �¨�#� ��%'&�&�45B3� �%�©y(��¥6"��>"� O/D

�$	���� s#Q �R� �8Thifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZIdfc=`aZAY[w¸`adfbAdfZAi3X-VCc'w
g'c'Z�i�VCnyZ X'Z�\=VC�'�'Y[_ ¡V _RifdSº#dfc'Z ¡V `aZ´µ+�
`ag'Y[Z X'Z n�^ZAw[_#bAg'nJg'i�V<` �*noVCw[w[dS�qX'Z6�#g'noV�j dfi 0
^ZAbz�-VCc=`adfifif_Rc8|��	�	��»C| � �´Q�}/g'nydk¡ZAY[Zx�3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#Q �C� �G¯�Z´µ#`ag'Y[ZK�-VCY¸`adfZAififZAnyZAc=`)Y[ZAbAY[dfw¸`zVCi �
ifdfw#^ZAZ8X?j g'c�\=VC�'�'Y[_�¡V!_RifdSº#dfc'Z �*noVCw[w[dS�~X'Z ��V5�
YaVCnyd 0W^ZAbz�-VCc=`adfifif_Rc �=r � ��P5s � �´Q§}/g'nydk¡ZAY[Z]�3_<�
i�VCY[dfw#^ZAZ�0'c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

dfc'X'dfe+g'ZAc=`ynoV��[_RY[dS`zVCdfY[ZAnyZAc=`Jg'c'Z�bA_<�¾�'Y#^ZAbAdf�'dS`zV<`adf_Rc�X'ZAw¤`aY[_Rdfw$�'�-VCw[ZAw 0�ch^ZNVCc'ny_Rdfc'w 0�X'ZAwy�3Z�`adS`aw
bAY[dfw¸`zVCg#µ�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw8X'Z!�'i�VC\Rdf_#bAi�VCw[Z�VC�'�-VCYaVCdfw[w[ZAc=`�ZAc dfc'bAifg'w[df_Rc X-VCc'w8ifZAwo_RifdSº#dfc'ZAwyZ�`
ifZAw~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwxny_Rc=`aYaVCc=`~e+g'Z]ifZ��'i�VC\Rdf_#bAi�VCw[ZIZAw¸`xi�^ZA\'¡ZAY[ZAnyZAc=`~�'ifg'w~�'Y#^ZAbA_#bAZqe+g'Z]ifZAwxVCg�`aY[ZAw
�'�-VCw[ZAwW`zVCc'X'dfw�i�Vq�3_Rw[dS`adf_Rcydfc=`aZAY[w¸`adS`adfZAififZ~X'g8bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZIdfc'X'dfe+g'ZvwaVGbAY[dfw¸`zVCififdfwaV<`adf_Rc$�'ifg'w�`zVCYM�
X'dSºRZCQ�²�VCc'whifZAwh\=VC�'�'Y[_Rw]¡Vq_RifdSº#dfc'ZJ¡Vq`aZ´µ#`ag'Y[ZIX'Zvn�^ZAw[_#bAg'nJg'i�V<`(0+i�V]�3_Rw[dS`adf_RcyX'ZAwWbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw
ZAw¸`]bAi�VCdfY[ZAnyZAc=`Idfc=`aZAY[w¸`adS`adfZAififZ �¥�-\Rg'Y[Zys#Q �R���~`zVCc'X'dfwve+g'Z¤ifZAwIY[ZAi�V<`adf_Rc'wx`aZ´µ#`ag'YaVCifZAw�ZAc=`aY[Z$ifZAwI�'i�V5�
\Rdf_#bAi�VCw[ZAwvZ�`�ifZAwv_RifdSº#dfc'ZAwvny_Rc=`aY[ZAc=`I`a_Rg5�[_Rg'Y[wIg'c'ZJbA_<�¾�'Y#^ZAbAdf�'dS`zV<`adf_Rc�X'ZJbAZAw�X'ZAg#µ{�'�-VCw[ZAwAQ/��ifg'w
X'Z$i�V8ny_RdS`ad�^ZqX'ZAw{^ZAbz�-VCc=`adfifif_Rc'wvbA_Rc=`adfZAc'c'ZAc=`qX'ZAw]_R�-VCe+g'ZAw 0/bAZ$w[_Rc=`]`aYA¡ZAw�w[_Rg�ºRZAc=`GX'ZAw�w[�'dfc'ZAififZAw
bz�'Y[_RnydS�M¡ZAY[ZAw 03�'ifg'wvYaVCY[ZAnyZAc=`IX'ZAwIw[g'iS�*g'Y[ZAwIX'Z 	��JZ�` ��WZ�`IZ´µ�bAZA��`adf_Rc'c'ZAififZAnyZAc=`IX'ZAw�dfifn�^ZAc'dS`aZAw
_Rg¤X'ZAw��h^ZAnoV<`adS`aZAw �¥ºR_RdfY)`zVC�'ifZNVCgys#QSPRQR�)VCY¸�*_Rdfw 0C`a_Rg'w�bAZAw�_R�-VCe+g'ZAw¨w[_Rc=`¨�'Y#^ZAw[ZAc=`aw�ZAc¤n 9ZAnyZh`aZAny�'w
X-VCc'wGg'c'Z8n 9ZAnyZyi�VCnyZCQ"}"V��'Y[_R�3_RY¸`adf_Rc�X?j _R�-VCe+g'ZAwJZAw¸`J`a_Rg5�[_Rg'Y[wGdfc���^ZAY[dfZAg'Y[Z{¡V���
�waVCg��~�3_Rg'Y
g'c�^ZAbz�-VCc=`adfifif_Rc � ���  ��P5»��he+g'd?ZAc�bA_Rc=`adfZAc=`~�'ifg'wKX'Z$P5» 
�0'w[ZAif_Rc�ifZAg'Y[wWc-V<`ag'Y[ZAw 0-bAZAw~_R�-VCe+g'ZAw
w[Z8�'i�VCbAZAc=`$X'dS¿x^ZAY[ZAnynyZAc=`JX-VCc'wJi�V�w#^ZAe+g'ZAc'bAZ�X'Z8bAY[dfw¸`zVCififdfwaV<`adf_Rc���\)^ZAch^ZAYaVCifZAnyZAc=`(0)ifZAwGw[�'dfc'ZAififZAw
bz�'Y[_RnydS�M¡ZAY[ZAwow[_Rc=`8w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwoZ�`8w[Z!�'Y#^ZAw[ZAc=`aZAc=`��'ifg�` 9_C`oZAc dfc'bAifg'w[df_Rc�X-VCc'woifZAw8VCg�`aY[ZAw
�'�-VCw[ZAw 03waV¤bAY[dfw¸`zVCififdfwaV<`adf_Rc8ZAw¸`xX'_Rc'bq�'Y#^ZAbA_#bAZ
�§`zVCc'X'dfw~e+g'ZqifZAw~w[g'iS�*g'Y[ZAw 0§ifZAw~dfifn�^ZAc'dS`aZAw �*e+g'd"w[_Rc=`
�-VCYhZ´µ�ZAny�'ifZIifZAwh_Nµ#�#X'ZAwK�'Y#^ZAw[ZAc=`aw~X-VCc'whikjM^ZAbz�-VCc=`adfifif_Rc����� � P5»��¨Z�`´³<_Rg8ifZAwWY[g�`adfifZAw�_Rc=`WX'ZAwKY[Z´�
i�V<`adf_Rc'w�`aZ´µ#`ag'YaVCifZAw�VNºRZAbvifZAw�VCg�`aY[ZAw��'�-VCw[ZAwhdfc'X'dfe+g-VCc=`¨g'c'ZxbAY[dfw¸`zVCififdfwaV<`adf_RcJ�'ifg'w�`zVCY[X'dSºRZCQ+}�j _RY[X'Y[Z
X'Z]bAY[dfw¸`zVCififdfwaV<`adf_RcoifZ��'ifg'wKbA_RnynJg'c�ZAw¸`q�
� ( � ©y( � � �� #�� � ( � ©y( � E=�¶.�� E=�¶.�� � � � 9 � �/,�( ��@A(�9 ��7�,/��#
}"V8`zVCdfififZqX'ZAw]bAY[dfw¸`zVCg#µ ZAw¸`]w[_Rg�ºRZAc=`G�'_Rny_R\'¡ZAc'Z¤VCg w[ZAdfc X?j g'c�n 9ZAnyZ:^ZAbz�-VCc=`adfifif_Rc03dfi�VCY[Y[dSºRZ

bAZA�3ZAc'X-VCc=`(0-ZAc��-VCY¸`adfbAg'ifdfZAY�X-VCc'wWifZIbNVCwKX'Z�bAY[_Rdfw[waVCc'bAZAwK�-VCY[Y[dfw[dS`adfe+g'ZAwWVCg#µ ^ZA�3_Rc=`aZAw 0'e+g?j ZAififZIw[_RdS`
`aYA¡ZAwIºCVCY[d�VC�'ifZ �¥�-\Rg'Y[Zys#Qms����´Q?}/ZAw�\=VC�'�'Y[_Rwo¡V8_RifdSº#dfc'ZGw[_Rc=`]noV��[_RY[dS`zVCdfY[ZAnyZAc=`¤¡V8\RYaVCdfc'wv�-c'w]VNºRZAb
g'c'Zy`zVCdfififZJX'Zy\RYaVCdfc dfc���^ZAY[dfZAg'Y[Z{¡V�s�nyn�noVCdfw�ifZAw]��VCbAdk¡ZAw�¡V�\RY[_Rwq\RYaVCdfc'w �*X'Z8»�nyn
¡V�P���nyn�
c'Z{w[_Rc=`��-VCw�YaVCY[ZAw �¥�-\Rg'Y[Z s#Q �=s�� 0hdfifwyY[ZA�'Y#^ZAw[ZAc=`aZAc=`�g'c'Z{e+g-VCYaVCc=`zVCdfc'Z!X?jM^ZAbz�-VCc=`adfifif_Rc'w8w[g'Y�ifZAw
sC�R���'Y#^ZAifZ�º¨^ZAwAQ��)VCYqbA_Rc=`aY[ZyifZAw]\=VC�'�'Y[_Rw�¡V�_RifdSº#dfc'ZG�*YaVCc'bz�'ZAnyZAc=`G�3ZA\RnoV<`adS`adfe+g'ZAw 0?X'_Rc=`Gi�V8`zVCdfififZ



O ¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Ol Cpx

Pl 

Gabbros à Olivine 

�$	���� s#Q �=» ��²Id�VC\RYaVCnynyZ:Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw[dS`adf_Rc'w"ny_#X-VCifZAw"X'ZAw�\=VC�'�'Y[_Rw~¡Vx_RifdSº#dfc'Z
X-VCc'w8ifZ!w¸�#w¸`N¡ZAnyZ{�'i�VC\Rdf_#bAi�VCw[Z ����i �J�$_RifdSº#dfc'Z
�klIi ����bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�kTh�Rµ �´Q

9010

90

0.1

8020

80

0.2

7030

70

0.3

6040

60

0.4

5050

50

0.5

4060

40

0.6

3070

30

0.7

2080

20

0.8

1090

10

0.9

Ol Cpx + Am

Pl 

Cpx Am

Gabbros à Olivine et Amphibole
Gabbros à Olivine riches en Opaques

�$	���� s#Q ��� � ²Id�VC\RYaVCnynyZ�Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw[dS`adf_Rc'w"ny_#X-VCifZAw�X'ZAw)\=VC�'�'Y[_Rw~¡Vx_RifdSº#dfc'Z
¡V�VCny�'�'df�3_RifZ�_Rg�¡V�_Nµ#�#X'Z X-VCc'w�ifZ!w¸�#w¸`N¡ZAnyZ
�'i�VC\Rdf_#bAi�VCw[Z ����i ���!_RifdSº#dfc'Z��klIi ���{bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'Z ��VCny�'�'df�3_RifZ �kTh�Rµ � �vn�´Q

X'g \RYaVCdfc{Xh^ZA�-VCw[w[Z�P���nyn 0¶w[_Rc=`qVCw[w[ZA±y�3ZAg bA_RnynJg'c'w�Z�`q_Rc c'Z¤Xh^ZAc'_RnJ�'Y[Z$e+g?j g'c'Zye+g'dfc'±NVCdfc'Z
X?jM^ZAbz�-VCc=`adfifif_Rc'wKX'Z]bAZ�`¾�#�3ZCQ
}/ZAwJ�'Y[_R�3_RY¸`adf_Rc'wGnydfch^ZAYaVCif_R\Rdfe+g'ZAw]w[_Rc=`J`aYA¡ZAwGºCVCY[d�VC�'ifZAw 0"X-VCc'wJifZoX'd�VC\RYaVCnynyZ$`aZAY[c-VCdfY[Z�lIifd �

º#dfc'Z�����i�VC\Rdf_#bAi�VCw[Z ��Thifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0§ifZ]X'_RnoVCdfc'Z�X'ZAwx\=VC�'�'Y[_RwJ¡V¤_RifdSº#dfc'Z�Y[ZAbA_Rg�º#Y[ZqZAc�\RYaVCc'X'Z
�-VCY¸`adfZ�bAZAifg'dRX'ZAw/`aY[_#b�`a_RifdS`aZAw�¡VKbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �¥�-\Rg'Y[ZAw)s#QSP-�KZ�`)s#Q �=»��3Z�`�dfiCZAw¸`"g'cq�3ZAg]�'ifg'wI^Z�`aZAc'X'g?Q
�¨g�i�VJ�3_Rw[dS`adf_Rc8Z´µ#`aY 9ZAnyZAnyZAc=`vdfc=`aZAY[w¸`adS`adfZAififZxX'ZAwxbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw~X-VCc'w~bAZAY¸`zVCdfc'w�^ZAbz�-VCc=`adfifif_Rc'w 0�dfi
�3ZAg�` 9Z�`aY[Z¤X'd�ybAdfifZGX'Z$ifZAw�bAi�VCw[w[ZAY�X-VCc'w]ifZJX'_RnoVCdfc'ZGX'ZAw]\=VC�'�'Y[_Rwo¡V�_RifdSº#dfc'Zq_Rg X-VCc'w]bAZAifg'd�X'ZAw
`aY[_#b�`a_RifdS`aZAw�¡VGbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0�ifZv�-VCw[waVC\RZIX?j g'c8��VCbAdk¡ZAw]¡VGikj VCg�`aY[Zvw[Zv��VCdfwaVCc=`WZAc�bA_Rc=`adfc+g?Q'ThZAY¸`zVCdfc'w
^ZAbz�-VCc=`adfifif_Rc'w�bA_Rc=`adfZAc'c'ZAc=`¨X'ZAw)`aYaVCbAZAw�X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0Re+g'd�w[ZWw[dS`ag'ZhZAc$bA_Rg'Y[_Rc'c'ZWY#^ZNVCb�`adf_Rc'c'ZAififZ
ZAc=`aY[ZxifZAw¨�'i�VC\Rdf_#bAi�VCw[ZAw)Z�`�ifZAw¨_RifdSº#dfc'ZAw 0R_Rg¤X?j VCny�'�'df�3_RifZW�'Y[g'c'Z�0+e+g'd3VC�'�-VCYaV-9<S`v¡V]X'ZAw��'Y[_R�3_RY¸`adf_Rc'w
dfc���^ZAY[dfZAg'Y[ZAwK¡VI»	
 ZAcJ�3_Rw[dS`adf_Rc]`aYA¡ZAw)dfc=`aZAY[w¸`adS`adfZAififZ�X-VCc'w)e+g'ZAife+g'ZAwJ^ZAbz�-VCc=`adfifif_Rc'wAQ5}"Vx�'Y[_R�3_RY¸`adf_RcqX'Z
�'i�VC\Rdf_#bAi�VCw[Z¨ºCV�X'Z�P���
¹¡V�|=»�
 noVCdfw)ZAififZWc?j ZAw¸`�dfc���^ZAY[dfZAg'Y[Zq¡V]sC��
 e+g'Z~�3_Rg'Y�X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w 0
ZAififZ~ZAw¸`KifZ~�'ifg'w��*Y#^ZAe+g'ZAnynyZAc=`WbA_Rny�'Y[dfw[ZxZAc=`aY[Zv�=� 
 Z�` �R� 
 �¥ºR_RdfY¨�-\Rg'Y[Z�s#Q �R|��´Q#}/Zx`zVCg#µoX?j _Rifd �
º#dfc'Z�ºCV¤X'ZGs 
 ¡Vy|R� 
�0§ikj �'dfw¸`a_R\RYaVCnynyZvX'Z]i�VJ�-\Rg'Y[ZGs#Q �R|¤ny_Rc=`aY[Z�g'c��'dfb]X'Z]�*Y#^ZAe+g'ZAc'bAZqZAc=`aY[Z
P�� 
�Z�`KsC� 
8Q#��c��-c0#i�V]�'Y[_R�3_RY¸`adf_Rc¤X'ZxbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZxºCV]X'Z�»�
�¡V	�R� 
�Z�`hZAw¸`��*Y#^ZAe+g'ZAnynyZAc=`
bA_Rny�'Y[dfw[Z]ZAc=`aY[ZG�R� 
�Z�`v�=� 
8Q¶Th_Rny��`aZ�`aZAc+g�X'ZAwxdfny�'Y#^ZAbAdfw[df_Rc'wKX'g'ZAw$¡V¤i�V$Xh^Z�`aZAY[nydfc-V<`adf_Rc�X'ZAw
ny_#X'ZAw 0?ifZAwI�'Y[_R�3_RY¸`adf_Rc'wIny_#X-VCifZAwvX'g \=VC�'�'Y[_�¡V8_RifdSº#dfc'Z �vbA_RnynJg'c 
�w[_Rc=`]X'_Rc'byVCc-VCif_R\Rg'ZAwy¡V
bAZAififZAwJX'Z�i�V�`aY[_#b�`a_RifdS`aZ ¡V!bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�X'g�n 9ZAnyZ�VCbNVC�'dS`¤VNºRZAb �R��
 X'Z��'i�VC\Rdf_#bAi�VCw[Z�0¨P�� 

X?j _RifdSº#dfc'Z$Z�`G�R� 
 X'ZybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0"ifZ¤\=VC�'�'Y[_�ZAw¸`Gg'c��3ZAg:�'ifg'w]Y[dfbz�'Z¤ZAc:bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZyZ�`



¢ " 2 �¨�#� ��%'&�&�45B3�¤@A>� ����8H�+45�#>�;=�RH�#� O �

,u��8D���/�)&�����"% � � !#�h�#�xÕDÁ ¼#�h,-*I�#�"��% º7'���µE�&%>)��X8Fí
��%?/0!#�?�G�&������� �JÀ��� ���

,-$83���/�)&�����"% � � !#���#�.Ò2Ò ��½��E,-*I�#�"��% ºL'��E²>��*I��4 % �X8Fí
��%?/0!#�?�7/0�"!#%?������

�$	���� s#Q �=r ���)µ�ZAny�'ifZAwvX'ZGX'ZAg#µ!i�VCnyZAwxnydfc'bAZAwvX'ZG\=VC�'�'Y[_�¡Vy_RifdSº#dfc'Z]Y[dfbz�'ZGZAc VCny�'�'df�3_RifZIº#g'w
ZAc�ifg'nydk¡ZAY[Zv`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZCQ

�'ifg'wW�-VCg�º#Y[Z]ZAc�_RifdSº#dfc'Z�0#noVCdfwhbAZAwKny_#X'ZAwKw[_Rc=`K`a_Rg5�[_Rg'Y[wWbAZAg#µ��'Y#^Z�º#g'w~Z´µ��h^ZAY[dfnyZAc=`zVCifZAnyZAc=`~�-VCY
t�Y[_�ºRZ]Z�`vVCikQ �MP-�R|=s70?P-�R|R� 0?P-�R|C� �´Q

�¨�#� ��%'&�&�45B3� �%�©y(��¥6"��>"��4<��;<¦"�#�J�#> � 96�)¦��*&�B3(*�#�JB3, �#>�© ��%-£?,"�#�
«Ig-V<`a_RY[±AZ�^ZAbz�-VCc=`adfifif_Rc'whX'ZI\=VC�'�'Y[_�¡VG_RifdSº#dfc'ZxbA_Rc=`adfZAc'c'ZAc=`Kg'c'Z��'Y[_R�3_RY¸`adf_Rcoc'_Rc8ch^ZA\Rifdf\RZNVC�'ifZ

X?j VCny�'�'df�3_RifZAw �¥ºR_RdfYK�-\Rg'Y[Z$s#Q �=r��KZ�`vg'c{VCg�`aY[ZqbA_Rc=`adfZAc=`I�'ifg'wxX'ZoP5» 
�X?j _R�-VCe+g'ZAw ��^ZAbz�-VCc=`adfifif_Rc
���  � P5»70KifZAw�nydfch^ZAYaVCg#µ�_R�-VCe+g'ZAw�w[_Rc=`�X'ZAw�dfifn�^ZAc'dS`aZAw �´QKThZ�X'ZAY[c'dfZAY�^ZAbz�-VCc=`adfifif_Rc bA_Rc=`adfZAc=`
»C��
�X'Z8�'i�VC\Rdf_#bAi�VCw[Z¤Z�`8P5»+
 X?j _RifdSº#dfc'Z�0¨P5» 
 X'Z8bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZCQ)�'ifg'wGe+g'ZAife+g'ZAw$�3_Rg'Y[bAZAc=`aw
X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�Z�`oX?j VCny�'�'df�3_RifZCQ�}/ZAw¤`aY[ZAdf±AZ�VCg�`aY[ZAw�^ZAbz�-VCc=`adfifif_Rc'w$bA_Rc=`adfZAc'c'ZAc=`o�3ZAg�_Rg �-VCw
X?j _R�-VCe+g'Z �¥`a_Rg5�[_Rg'Y[w�ny_Rdfc'wIX'Zo» 
 �vbAZ¤w[_Rc=`qnoV��[_RY[dS`zVCdfY[ZAnyZAc=`IX'ZAw]w[g'iS�*g'Y[ZAw�X'Z 	��¤Z�`���~_Rg
X'ZAw�w[�'dfc'ZAififZAw�bz�'Y[_RnydS�M¡ZAY[ZAw 0CZ�`�X'ZAw�dfifn�^ZAc'dS`aZAw�_Rg¤X'ZAw��h^ZAnoV<`adS`aZAw)�3_Rg'Y)`aY[_RdfwG^ZAbz�-VCc=`adfifif_Rc'wAQ<½¾ifw�w[_Rc=`
�-VCY]bA_Rc=`aY[ZyY[ZAi�V<`adSºRZAnyZAc=`]Y[dfbz�'ZAwqZAc:VCny�'�'df�3_RifZAw 0?�3_Rg�ºCVCc=`qZAc�bA_Rc=`aZAc'dfYh�[g'w[e+g?j¥¡V��=» 
 �¥�-\Rg'Y[Z
s#Q ����� 0'ikj VCny�'�'df�3_RifZxw[Z]�'i�VCbAZIw¸�#w¸`�^ZAnoV<`adfe+g'ZAnyZAc=`xZAc��3_Rw[dS`adf_Rc8`aYA¡ZAwKdfc=`aZAY[w¸`adS`adfZAififZvX'_Rc'c-VCc=`J¡V$bAZAw
Y[_#bz�'ZAwvg'c'Zq`aZ´µ#`ag'Y[ZJX'Zqn�^ZAw[_#bAg'nJg'i�V<` �¥�-\Rg'Y[Z$s#Q �=r��´Q§}/ZAwv�'Y[_R�3_RY¸`adf_Rc'w~X'ZG�'i�VC\Rdf_#bAi�VCw[ZIºR_Rc=`IX'Z
sC� 
 ¡V�rC� 
�0/bAZAififZAw]X?j _RifdSº#dfc'ZGºR_Rc=`GX'Zos 
 ¡V��=» 
�0/X'Z¤bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZyX'Z�P5» 
 ¡V��=� 
 Z�`
bAZAififZAwKX?j VCny�'�'df�3_RifZIX'Z¤P�� 
 ¡V¤�=» 
8Q

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

� ��� ��� � ����� 5 	���� 	�� 9�� ��� 8 � � � � 	

ThZAw�\=VC�'�'Y[_Rw)w[_Rc=`�X'ZAwG^ZAbz�-VCc=`adfifif_Rc'w�g'cJ�3ZAg �"Z´µ�_C`adfe+g'ZAw 
Ie+g'ZWikj _RcGc'Z�`aY[_Rg�ºRZWe+g'ZWYaVCY[ZAnyZAc=`
ZAc��-if_Rc�X-VCc'wvifZqnoVCc=`aZNVCg0§Z�`vX'Zq��VCdS`(0-w[g'YvifZ]nydfififdfZAYhX?jM^ZAbz�-VCc=`adfifif_Rc'w�^Z�`ag'X'd�^ZAwvX-VCc'wvifZ]bNVCX'Y[ZGX'Z
bAZ�`[`aZ `a�?¡ZAw[Z�0~w[ZAg'ifw�c'ZAg��$VC�'�-VCY¸`adfZAc'c'ZAc=`�¡V�bAZ�w[_Rg'wM�¾\RY[_Rg'�3ZCQxThZ w[_Rc=`�X'ZAw��-if_Rc'w�X?jM^ZA�-VCdfw[w[ZAg'Y



O 2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbros à olivine (230 échantillons)

Gabbros à Olivine  (162 échantillons)

Gabbros à Olivine et Amphibole (14 échantillons)

Gabbros à Olivine riches en Oxydes (2 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbros à olivine (230 échantillons)

Gabbros à Olivine  (162 échantillons)

Gabbros à Olivine et Amphibole (14 échantillons)

Gabbros à Olivine riches en Oxydes (2 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène         

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbros à olivine (230 échantillons)

Gabbros à Olivine  (162 échantillons)

Gabbros à Olivine et Amphibole (14 échantillons)

Gabbros à Olivine riches en Oxydes (2 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Amphibole              

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbros à olivine (230 échantillons)

Gabbros à Olivine  (162 échantillons)

Gabbros à Olivine et Amphibole (14 échantillons)

Gabbros à Olivine riches en Oxydes (2 échantillons)

�$	���� s#Q �R| �q°xdfw¸`a_R\RYaVCnynyZAw/ny_Rc=`aYaVCc=`�ifZAw/�*Y#^ZAe+g'ZAc'bAZAw�X'Z��3_Rg'Y[bAZAc=`zVC\RZ�ZAcG�'i�VC\Rdf_#bAi�VCw[ZAw 0N_RifdSº#dfc'ZAw
Z�`�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw�X-VCc'w)ifZAw)\=VC�'�'Y[_Rw~¡Vv_RifdSº#dfc'Z��*ZAcJ�'ifZAg �´QC��c$\RY[dfw��<�'dfw¸`a_R\RYaVCnynyZAw"Y[ZA�'Y#^ZAw[ZAc=`zVCc=`
ifZAwK�*Y#^ZAe+g'ZAc'bAZAwvX'ZqbA_Rc'bAZAc=`aYaV<`adf_Rc��3_Rg'Y~ikj ZAc'w[ZAnJ�'ifZ]X'ZAw~��VCbAdk¡ZAw �K\=VC�'�'Y[_RwJ¡V¤_RifdSº#dfc'Z 
 �*\=VC�'�'Y[_Rw
¡Vy_RifdSº#dfc'ZqVCg!w[ZAc'wIw¸`aY[dfb�`(0§\=VC�'�'Y[_Rw¤¡Vy_RifdSº#dfc'Z8¡Vy�'_RY[c+�'ifZAc'X'ZGZ�`´³<_Rg!Y[dfbz�'ZAwvZAc!_R�-VCe+g'ZAw 0¶\=VC�'�'Y[_<�
c'_RY[dS`aZAwG¡V¤_RifdSº#dfc'ZvX'_Rc=`xikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZqZAw¸`~`zVCY[X'dS� �´Q



¢ " 2 �¨�#� ��%'&�&�45B3�¤@A>� ����8H�+45�#>�;=�RH�#� O§O

�$	���� s#Q ��� � ^��bz�-VCc=`adfifif_RcoX'ZI\=VC�'�'Y[_JXh^Z��*_RY[n�^Z
Z�` �-VCY¸`adfZAififZAnyZAc=` Y[ZAbAY[dfw¸`zVCififdfw#^Z�0�waVCc'w VCn$�
�'�'df�3_RifZ �*noVCw[w[dS� X'Z ��VCYaVCnyd 0¹^ZAbz�-VCc=`adfifif_Rc
�R� � � s����´Q }/g'nydk¡ZAY[Z �3_Ri�VCY[dfw#^ZAZ�0 c'dfbA_Rifw
bAY[_Rdfw#^ZAwAQ

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Cpx Am 

Pl 

Gabbros à Amphibole
Gabbros

�$	���� s#Q �=� � ²Id�VC\RYaVCnynyZ�Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw[dS`adf_Rc'w ny_#X-VCifZAw X'ZAw \=VC�'�'Y[_Rw dfc#�
X'dS¿x^ZAY[ZAc'bAd�^ZAw Z�` X'ZAw�\=VC�'�'Y[_Rw�¡V�VCny�'�'df�3_RifZ
X-VCc'w]ifZ$w¸�#w¸`N¡ZAnyZ$`aZAY[c-VCdfY[Z$�'i�VC\Rdf_#bAi�VCw[Z ����i �K�
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�kTh�Rµ �h�hVCny�'�'df�3_RifZ ��°x� �´Q

Xh^ZAbAdfn�^Z�`aY[dfe+g'ZJ¡V]n�^Z�`aY[dfe+g'Z~X?j VC�3_Rc'X-VCc'bAZxw[g'Y�ikj V<¬yZAg'Y[ZAnyZAc=`�Z´µ#`aY 9ZAnyZAnyZAc=`�ºCVCY[d�VC�'ifZ��=ZAififZWºCV]X'g
�-if_Rc�dfw[_Ri�^Z¤VCg:bz�-VCny�:X'Z¤�-if_Rc�bA_Rg�º#YaVCc=`J�R� 
 X'Zyi�V�w[g'Y¸��VCbAZyX'Zoikj V<¬yZAg'Y[ZAnyZAc=`NQ"½¾i�c?j ZAw¸`J�-VCw
^Z�º#dfX'ZAc=`hX'ZK��VCdfY[ZKg'c'Z~w¸�#w¸`�^ZAnoV<`adfe+g'Zxw[g'Y¨g'coc'_RnJ�'Y[ZxVCg'w[w[d-Y[ZAw¸`aY[ZAdfc=`hX?jM^ZAbz�-VCc=`adfifif_Rc'w 0R_Rcyc'Z~�3ZAg�`
�-VCY�Z´µ�ZAny�'ifZK�-VCw�X'dfY[ZWw[d'ifZAg'Y[w�_RY[dfZAc=`zV<`adf_Rc'w)w[_Rc=`�ºCVCY[d�VC�'ifZAw�_Rg$c'_Rc$X'g$��VCdS`�e+g?j dfi'c?j �$VIe+g?j g'cy_Rg
X'ZAg#µ ^ZAbz�-VCc=`adfifif_Rc'w��-VCY�±A_Rc'Zy\)^ZA_R\RYaVC�'�'dfe+g'Z�0?_Rc��3ZAg�`qch^ZNVCc'ny_Rdfc'w�c'_C`aZAY]e+g'ZybAZAwq_RY[dfZAc=`zV<`adf_Rc'w
w[_Rc=`xY[ZAi�V<`adSºRZAnyZAc=`~�'Y[_#bz�'ZAwxX'Z]bAZAififZ�X'g�bA_Rny�'ifZ´µ�ZI�-if_Rc'dfZAc�X-VCc'w~ifZAwK±A_Rc'ZAwxbA_Rc'bAZAY[ch^ZAZAwAQ

� ��� � � � ���  9 8:9  	 �� 8 ��� ; �� 	 8:5�7�8:9<;�=�0  �����

ThZKw[_Rc=`¨\)^ZAch^ZAYaVCifZAnyZAc=`�X'ZAwJ^ZAbz�-VCc=`adfifif_Rc'w�VCw[w[ZA±K�'_Rny_R\'¡ZAc'ZAwv¡Vv\RYaVCdfc'w�ny_��RZAc'w¨VNºRZAbKg'c'ZW`zVCdfififZ
X'ZJ\RYaVCdfc!X'ZJikj _RY[X'Y[ZGX'g{X'ZAnyd)bAZAc=`adfn�¡Z�`aY[Z �¥�-\Rg'Y[ZAwqs#QSP5»C� ¡V�s#Q �����~noVCdfwxikj _R�'w[ZAY¸ºCV<`adf_Rc!ZAc{i�VCnyZ
nydfc'bAZ8ny_Rc=`aY[Z8e+g'Z�i�V�`zVCdfififZyX'g�\RYaVCdfc��3ZAg�` 9Z�`aY[Z8`aYA¡ZAwJºCVCY[d�VC�'ifZoX-VCc'w$g'c�n 9ZAnyZ�^ZAbz�-VCc=`adfifif_Rc?Q
²Jj g'c'Zo��V��bA_Rc�\)^ZAch^ZAYaVCifZ�0)ifZAwG`aZ´µ#`ag'Y[ZAw$w[_Rc=`$Z´µ#`aY 9ZAnyZAnyZAc=`¤X'dSºRZAY[w[ZAw��)ZAififZAwqºR_Rc=`$X'Zo`aZ´µ#`ag'Y[ZAw!¡V
\RYaVCdfc'wG`aYA¡ZAwJ�-c'w¤�'Y[_#bz�'ZAw¤X?j g'c'Z8`aZ´µ#`ag'Y[Z�X'_Ri�^ZAY[dS`adfe+g'Z ¡V{X'ZAwJ`aZ´µ#`ag'Y[ZAwyX?j _RY¸`a�'_#bAg'nJg'i�V<`�¡V{\RY[_Rw
\RYaVCdfc'w�ZAc8�-VCw[waVCc=`K�-VCY¨`a_Rg'whifZAwhdfc=`aZAY[n�^ZAX-VCdfY[ZAw¨�3_Rw[w[df�'ifZAwAQ�}"Vq�'ifg'�-VCY¸`hX'ZvbAZAwo^ZAbz�-VCc=`adfifif_Rc'w�w[_Rc=`
Xh^Z��*_RY[n�^ZAwKZ�`~�-VCY¸`adfZAififZAnyZAc=`WY[ZAbAY[dfw¸`zVCififdfw#^ZAw��¥ºR_RdfYW�-\Rg'Y[Zqs#Q ����� 0�i�VJXh^Z��*_RY[noV<`adf_Rc8w[Z]�'Y#^ZAw[ZAc=`aZqX-VCc'w
ifZAwh�'i�VC\Rdf_#bAi�VCw[ZAw�Z�`WifZAwWbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwWw[_Rg'wh�*_RY[nyZvX'ZInoVCbAifZAwhn�^ZAbNVCc'dfe+g'ZAwWX'ZAwW�'i�VC\Rdf_#bAi�VCw[ZAw¨Z�`
X?j Z´µ#`adfc'b�`adf_Rc'w~Y[_Rg'i�VCc=`aZAwKX'ZAwxbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ
��_Rg'Y�`a_Rg'w�ifZAw��-if_Rc'w)X'ZK\=VC�'�'Y[_Rw)dfc'X'dS¿x^ZAY[ZAc'bAd�^ZAw 0CX'Zh��V��bA_RcJw[ZAnJ�'i�VC�'ifZWVCg#µJ\=VC�'�'Y[_Rwx¡Vv_RifdSº#dfc'Z�0

ifZ¨bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�ZAw¸`)ZAcq�3_Rw[dS`adf_Rc]dfc=`aZAY[bAg'nJg'ifg'w�VCg�`a_Rg'Y"X'Z¨�'i�VC\Rdf_#bAi�VCw[ZAw?w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�X'_Rc#�



O $ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Q �'P��8�)µ�ZAny�'ifZ�X'ZI�-if_Rc�X'Z�\=VC�'�'Y[_Rc'_<�
Y[dS`aZo�'ifg'Y[dfn�^Z�`aY[dfe+g'ZyY[ZAc'bA_Rc=`aY#^Z�w[g'Y$ifZy`aZAY[YaVCdfc
�*noVCw[w[dS��X'Z	+)df±A�0*�#g'iS`zVCc-V<`~X?jmlInoVCc �´Q

�$	���� s#Q �+s �8�)µ�ZAny�'ifZ�X'ZI�-if_Rc8X'Z�\=VC�'�'Y[_Rc'_<�
Y[dS`aZybAZAc=`adfn�^Z�`aY[dfe+g'Z�0"bAZ�`[`aZy�*_RY[nyZ¤X'Zy�-if_Rc�X'Z
\=VC�'�'Y[_Rc'_RY[dS`aZ�ZAw¸`~bAZAififZ�e+g'Z]ikj _Rc�Y[ZAc'bA_Rc=`aY[Z]ifZ
�'ifg'w]bA_Rg'YaVCnynyZAc=`�w[g'Y]ifZJ`aZAY[YaVCdfc �*noVCw[w[dS��X'Z
�vV &+�'i �´Q

c-VCc=`��-VCY¸�*_Rdfw"g'c'Z�`aZ´µ#`ag'Y[ZWX'Zhn�^ZAw[_#bAg'nJg'i�V<`�Z�`)ny_Rc=`aYaVCc=`)waVvbAY[dfw¸`zVCififdfwaV<`adf_Rcv`zVCY[X'dSºRZh�-VCY�YaVC�'�3_RY¸`
VCg��'i�VC\Rdf_#bAi�VCw[ZCQ'«Ig-V<`aY[Z]X'Z]bAZAw�^ZAbz�-VCc=`adfifif_Rc'wKbA_Rc=`adfZAc'c'ZAc=`xX'ZAw~_R�-VCe+g'ZAw �8X'ZAwxdfifn�^ZAc'dS`aZAwhZ�`~X'ZAw
�h^ZAnoV<`adS`aZAw ��¡V$ny_Rdfc'whX'ZGs 
 �¥ºR_RdfYh`zVC�'ifZNVCg�s#QSP��´Q'¯�Y[_Rdfw8^ZAbz�-VCc=`adfifif_Rc'whbA_Rc=`adfZAc'c'ZAc=`vX'ZAw~VCny�'�'d �
�3_RifZAwxX'_Rc=`vg'c��*ikjM^ZAbz�-VCc=`adfifif_Rc �=s �	�¹P5sC|��G¡V¤g'c'ZG�'Y[_R�3_RY¸`adf_Rc�X?j ZAc=º#dfY[_Rc:P���
�0§�3_Rg'YxifZAwxX'ZAg#µ
VCg�`aY[ZAw�^ZAbz�-VCc=`adfifif_Rc'w 0)bAZ�`[`aZ��'Y[_R�3_RY¸`adf_Rc�ZAw¸`yX?j¥¡V{�3ZAg �'YA¡ZAwy» 
�0�Z�`¤�3_Rg'Y$bAZAw$`aY[_RdfwJbNVCw 0�ikj VCn$�
�'�'df�3_RifZvZAw¸`~`aYA¡ZAwW�*YaVCc'bz�'ZAnyZAc=`~dfc=`aZAY[w¸`adS`adfZAififZ �¥�-\Rg'Y[ZAwvs#QSP5»C�GZ�`vs#QSP5»#P���Z�`~w[Z��'Y#^ZAw[ZAc=`aZqZAc��'i�VC\RZAw
VCg�`a_Rg'Y¨X'ZAw��'i�VC\Rdf_#bAi�VCw[ZAw�Z�`�X'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ�}�j dfifn�^ZAc'dS`aZ�0Cw[Zx�'Y#^ZAw[ZAc=`aZvZAcydfc'bAifg'w[df_Rc¤X-VCc'w�ifZAw
VCny�'�'df�3_RifZAw �*e+g-VCc'XybAZAw�X'ZAg#µy�'�-VCw[ZAw�w[_Rc=`��'Y#^ZAw[ZAc=`aZAwhw[dfnJg'iS`zVCch^ZAnyZAc=` ��noVCdfw�ZAcy�3_Rw[dS`adf_Rc$dfc=`aZAYM�
w¸`adS`adfZAififZ¨�-VCY)YaVC�'�3_RY¸`�VCg#µJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ=}"VI�'Y[_R�3_RY¸`adf_RcGX'ZW�'i�VC\Rdf_#bAi�VCw[Z�ºCVvX'ZK�R��
�¡VI|R��
pZ�`
dfc=ºRZAY[w[ZAnyZAc=`KbAZAififZ~X'ZvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z~ºCVqX'Z�sC� 
�¡VJrC� 
 �¥�-\Rg'Y[ZIs#Q �=��� 0+bA_Rny��`aZ~`aZAc+g8X'gy��VCdf�'ifZ
c'_RnJ�'Y[Z�X?jM^ZAbz�-VCc=`adfifif_Rc'w 0�g'c'Z]w¸`zV<`adfw¸`adfe+g'Z�ZAc��'dfw¸`a_R\RYaVCnynyZvw[ZAnJ�'i�VC�'ifZy¡VJbAZAififZ�Y#^ZNVCifdfw#^ZAZI�3_Rg'YKifZAw
VCg�`aY[ZAwh��VCbAdk¡ZAw�c?j VCg'YaVCdS`h�-VCwW\RYaVCc'X'Zvw[df\Rc'dS�-bNV<`adf_Rc0=ZAififZxc?j VGX'_Rc'bv�-VCwo^Z�`�^ZvY#^ZNVCifdfw#^ZAZvdfbAdkQ+²�VCc'w�`a_Rg'w
ifZAw�bNVCw 0+ikj _RY[X'Y[Z~X'ZxbAY[dfw¸`zVCififdfwaV<`adf_RcJ�3_Rg'Y¨bAZAwh\=VC�'�'Y[_qZAw¸`v� � ( � E=�¶. � ��©$.�� � � � � 9 #

� ��� � ��� � ������
���!��
 �*�����

}/ZAwx\=VC�'�'Y[_Rc'_RY[dS`aZAwKw[_Rc=`vg'c���VCbAdk¡ZAwK`aYA¡ZAwxbA_RnynJg'c�ZAc{lInoVCc0'ZAififZAwW�*_RY[nyZAc=`xi�V$bNV<`�^ZA\R_RY[dfZ�X'Z
��VCbAdk¡ZAwqi�V��'ifg'wqX'dSºRZAY[w[dS�W^ZAZoX'ZAwGifdS`a�'_Rif_R\RdfZAwx�-if_Rc'dfZAc'c'ZAw 0"ZAififZAwqw[ZoY#^ZA�-VCY¸`adfw[w[ZAc=`JZAc:X'Zoc'_RnJ�'Y[ZAg#µ
w[_Rg'w�\RY[_Rg'�3ZAw�e+g'd�ºR_Rc=`�X'ZKi�Vvc'_RY[dS`aZW�'g'Y[Z �*X'ZAg#µ¤�'�-VCw[ZAw~�C�'i�VC\Rdf_#bAi�VCw[Z�Z�`¨_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z � 0¶¡V�X'ZAw
Y[_#bz�'ZAwJ�'ifg'wGbA_Rny�'ifZ´µ�ZAw 0��*_RY[n�^ZAZAwGX'Z8e+g-V<`aY[Z8_Rg�bAdfc'e �'�-VCw[ZAwJ`aZAififZAwqifZAwG\=VC�'�'Y[_Rc'_RY[dS`aZAwGY[dfbz�'ZAw
ZAc�_Nµ#�#X'ZAw¤_Rg�ZAc�VCny�'�'df�3_RifZAwqZ�`¤ifZAwJ\=VC�'�'Y[_Rc'_RY[dS`aZAwGbA_Rc=`aZAc-VCc=`yX'Z8ikj _RifdSº#dfc'ZCQ���ififZAwGw[_Rc=`$`aYA¡ZAw
VC�3_Rc'X-VCc=`aZAwyw[g'YyifZ8`aZAY[YaVCdfc��ksRrC|p^ZAbz�-VCc=`adfifif_Rc'w$w[g'Y�P���P��!`a_Rg'w¤w[_Rg'wM�¾\RY[_Rg'�3ZAwybA_Rc��*_Rc'X'g'w 0¨w[_RdS`
�'ifg'wWX'g�e+g-VCY¸`~X'ZIikjM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZ ��Z�`~w[_Rc=`K�'Y#^ZAw[ZAc=`aZAwxw[g'YKg'c'ZvºCVCw¸`aZ�w[g'Y¸��VCbAZ�X'Z�ikj _R�'�'df_RifdS`aZCQ



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� O �

�$	���� s#Q �=� ��½¾ny�'Y#^ZA\Rc-V<`adf_Rc'wvX'dS¿¶g'w[ZAw�X'Z$�=�#Y[_Nµ¶¡ZAc'ZAw�*_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZyZ�`�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �vZ�`]X'Z
�'i�VC\Rdf_#bAi�VCw[ZAwhX-VCc'wxi�VJ�-VCY[±A�'g'Y[\RdS`aZ �*noVCw[w[dS�)X'Z	+)df±A�0'w[g'iS`zVCc-V<`~X?jmlInoVCc �´Q

�$	���� s#Q �R� ��Th�-VCny��X'Zq�-if_Rc'wxX'ZG\=VC�'�'Y[_Rc'_<�
Y[dS`aZ~�-VCY¸`adfZAififZAnyZAc=`�nG�#if_Rc'dS`adfw#^ZAw¨VCw[w[_#bAd�^Z$¡V]g'c'Z
±A_Rc'Z]X'Z]Xh^Z��*_RY[noV<`adf_Rc8X'g ��VCX'd +)df±A� �*noVCw[w[dS�
X'Z	+)df±A� �´Q

�$	���� s#Q �+» ���)µ�ZAny�'ifZqX'ZJ\=VC�'�'Y[_Rc'_RY[dS`aZ]�3ZA\<�
noV<`adS`adfe+g'Z�bA_Rc=`aZAc-VCc=`�X'ZAw)_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw)º#d �
w[df�'ifZAnyZAc=` w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw VCdfc'w[d�e+g'Z X'Z
ikj VCny�'�'df�3_RifZ�bAY[dfw¸`zVCififdfwaVCc=`!ZAc�bA_Rg'Y[_Rc'c'Z VCg#�
`a_Rg'Y~X'ZAw~bAZAwxX'ZAY[c'dfZAY[w �*noVCw[w[dS��X'Zq°xdfiS`ad �´Q

� � � ��� � ����� 5 	���� 	�� 9�� ��� 8 � � � � 	

�#g'Y¨ifZK`aZAY[YaVCdfc0RifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw�w[Zx�'Y#^ZAw[ZAc=`aZAc=`h`a_Rg5�[_Rg'Y[w¨w[_Rg'w¨�*_RY[nyZKX'ZK�-if_Rc'w�X?jM^ZA�-VCdfw[w[ZAg'Y
bAZAc=`adfn�^Z�`aY[dfe+g'Zy¡VJn�^Z�`aY[dfe+g'ZvºR_RdfY[Z�Xh^ZAbNVCn�^Z�`aY[dfe+g'Z�X-VCc'wKe+g'ZAife+g'ZAw~bNVCw �¥�-\Rg'Y[ZAwxs#Q �'P�Z�`xs#Q �+s�� 0�Z´µ+�
bAZA��`�^ZhX-VCc'w)g'cGw[ZAg'i#bNVCw)X'gGnoVCw[w[dS�'X'Z�+)df±A�G_/¡g]bAZ���VCbAdk¡ZAw�w[Zh�'Y#^ZAw[ZAc=`aZWw[_Rg'w��*_RY[nyZ¨X?j dfny�'Y#^ZA\Rc-V<`adf_Rc
X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0�X'ZxbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZxZ�`hX'Zx�'i�VC\Rdf_#bAi�VCw[ZWX-VCc'w�i�V��-VCY[±A�'g'Y[\RdS`aZ �¥ºR_RdfY��-\Rg'Y[ZIs#Q �=���´Q
}/ZAg'YWVC�3_Rc'X-VCc'bAZvZAw¸`WY[ZAi�V<`adSºRZAnyZAc=`¨�*_RY¸`aZv�3_Rg�ºCVCc=`hbA_Rg�º#Y[dfY?�[g'w[e+g?j¥¡V$»C� 
 _Rgo�'ifg'whX'Zxi�Vqw[g'Y¸��VCbAZ
X?j g'c�V<¬yZAg'Y[ZAnyZAc=`(0"ifZAwqVC�3_Rc'X-VCc'bAZAwqifZAw]�'ifg'w��*_RY¸`aZAw ^Z�`zVCc=`qw[_Rg�ºRZAc=`$VCw[w[_#bAd�^ZAZAw�¡V�X'ZAwq±A_Rc'ZAwqX'Z
��VCdfififZ¤Z�`!¡V!X'ZAw$�h^ZAY[dfX'_C`adS`aZAwJnG�#if_Rc'dS`adfw#^ZAZAw �¥ºR_RdfYG�-\Rg'Y[ZAwys#Q �R�!Z�`os#Q � ���´Q�}"V�`zVCdfififZyX'ZAw$bAY[dfw¸`zVCg#µ
ZAw¸`IVCg'w[w[d/ºCVCY[d�VC�'ifZIe+g'ZqikjM^ZA�-VCdfw[w[ZAg'Y~X'g��-if_Rc0-VCifi�VCc=`KX'Zqny_Rdfc'wKX'Z¤Pqnyn �[g'w[e+g?j¥¡Vy�'ifg'w~X'ZG»
� �
�¥�-\Rg'Y[ZGs#Q �+r�� 0�ZAififZI�3ZAg�`	9Z�`aY[Z]Z´µ#`aY 9ZAnyZAnyZAc=`~ºCVCY[d�VC�'ifZIVCg�w[ZAdfc�X?j g'c�n 9ZAnyZ!^ZAbz�-VCc=`adfifif_Rc0#ZAc��-VCYM�
`adfbAg'ifdfZAYJZAc bAZ�e+g'dKbA_Rc'bAZAY[c'Z�ifZAw¤�3ZA\RnoV<`adS`aZAw$nG�#if_Rc'dS`adfw#^ZAZAw��¥�-\Rg'Y[ZAw8s#Q � � 0¨s#Qm»C�{Z�`8s#Q �=|��´Q¨}/ZAw
ºCVCY[d�V<`adf_Rc'w�X'Zv`aZ´µ#`ag'Y[ZIw[_Rc=`~ifZAwh�'ifg'wWw[�3ZAb�`zVCbAg'i�VCdfY[ZAwh�3_Rg'YhifZAwh�-if_Rc'whifZAwW�'ifg'wy^ZA�-VCdfw �*n�^Z�`aY[dfe+g'ZAw �



O � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Q � � �{�)µ�ZAny�'ifZ¤X'Z¤\=VC�'�'Y[_Rc'_RY[dS`aZ$nG�=�
if_Rc'dS`adfw#^ZAZpX-VCc'w�g'c'Z�±A_Rc'Z�X'Z�Xh^Z��*_RY[noV<`adf_Rc
X'g ��VCX'd�WVCc'd � �xnoVCYJVCikjmt��-VCY[�'d��*noVCw[w[dS�xX'Z
+)df±A� �´Q

�$	���� s#Q �+r � t]VC�'�'Y[_Rc'_RY[dS`aZ��3ZA\RnoV<`adS`adfe+g'Z
X-VCc'wifZ�noVCw[w[dS� X'Z �vV &+�'i 0�ifZAw¹bAY[dfw¸`zVCg#µ
�3ZAg�ºRZAc=`)Xh^ZA�-VCw[w[ZAY�ifZAw/X'd µ�bAZAc=`adfn�¡Z�`aY[ZAw/X'Z¨if_Rc#�
\RZAg'YAQ

�$	���� s#Q �=| ���)µ�ZAny�'ifZ]X?jM^ZA�3_Rc=`aZqnG�#if_Rc'dS`adfe+g'Z
�3_Rg'YJg'c'Z�\=VC�'�'Y[_Rc'_RY[dS`aZ ����VCX'd ��VCi�VC�'dhX-VCc'w
ifZ�noVCw[w[dS��X'Zq°xdfiS`ad 0#w[g'iS`zVCc=`xX?jmlInoVCc �´Q

�$	���� s#Q � � � °vVCY[±A�'g'Y[\RdS`aZnG�#if_Rc'dS`adfw#^ZAZ ¡V
ikjM^ZA�3_Rc=`aZIX?j g'c8�-if_Rc8X'ZI\=VC�'�'Y[_Rc'_RY[dS`aZv�3ZA\RnoV5�
`adS`adfe+g'Z�X-VCc'w~ifZ�noVCw[w[dS�)X'Z=�#g'noV�j dfikQ



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� O ª

�$	���� s#Qm»C� � +)dfif_RcGX'ZK\=VC�'�'Y[_Rc'_RY[dS`aZW�3ZA\RnoV<`ad �
`adfe+g'Z¨º#g$ZAcJXh^Z�`zVCdfi 0�X'ZAw�ºCVCY[d�V<`adf_Rc'w"X'Zhi�VK`zVCdfififZ
X'ZAwG\RYaVCdfc'w]w[_Rc=`JbAi�VCdfY[ZAnyZAc=`]º#dfw[df�'ifZAw �*noVCw[w[dS�
X'Z	+)df±A� �´Q

�$	���� s#Qm»#P � t]VC�'�'Y[_Rc'_RY[dS`aZ ¡V _RifdSº#dfc'Z ¡V
`aZ´µ#`ag'Y[Z�X?j VCX'bAg'nJg'i�V<` �*noVCw[w[dS��X'Z �#g'noV�j dfi 0
^ZAbz�-VCc=`adfifif_Rc �=» � P-�R| 
 �´Q�}/g'nydk¡ZAY[Zv�3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

e+g'd/�3ZAg�ºRZAc=`I�'Y#^ZAw[ZAc=`aZAY$¡V$i�VJ�*_RdfwWX'ZAw�^ZA�3_Rc=`aZAwxnG�#if_Rc'dS`adfe+g'ZAwWZ�`xg'c�b  ]g'YK�3ZA\RnoV<`adS`adfe+g'Z �¥�-\Rg'Y[Z
s#Q �=|��´Q-}"V$�h^ZAY[dfX'_C`adS`aZ�VCg�bA_Rc=`zVCb�`xX'ZAwx�'ifg'wK\RY[_Rw[w[ZAwxdfc=`aY[g'w[df_Rc'wKZAw¸`xw[_Rg�ºRZAc=`vnG�#if_Rc'dS`adfw#^ZAZ �¥�-\Rg'Y[Z
s#Q � ���´Q=}/ZAw¨\=VC�'�'Y[_Rc'_RY[dS`aZAw�w[_Rc=`hV<¿¶ZAb�`�^ZAZAw��-VCY¨g'c'Z~Xh^Z��*_RY[noV<`adf_Rc$�-VCY¸�*_Rdfw��3_Rg'w[w#^ZAZ��[g'w[e+g?j¥¡Vqi�VInG�=�
if_Rc'dS`adfwaV<`adf_Rc��-ikj _R�+�[Z�`�X'ZJbAZ�`[`aZJ`a�?¡ZAw[Z�^Z�`zVCdS`IbAZA�3ZAc'X-VCc=`qX'ZG��VCdfY[ZGg'c dfc=ºRZAc=`zVCdfY[Z$VCg'w[w[d�Z´µ��-VCg'w¸`adS�
e+g'Zq�3_Rw[w[df�'ifZ�X'g�bA_Rc=`aZAc+g��-if_Rc'dfZAc�X'Z]i�V$w[ZAb�`adf_Rc�noVCc=`aZAifi�VCdfY[ZvX'Z]ikj _R�'�'df_RifdS`aZxX?jmlInoVCc�Z�`xX?¡ZAwxifZ
Xh^ZA�'g�`(0§bAZ�`[`aZ ^Z�`ag'X'Z]w[Zq�'i�V��bNVCdS`Kw[g'Yxg'c��'i�VCc��h^Z�`aY[_Rif_R\Rdfe+g'Z�Z�`xc'_Rc�w¸`aY[g'b�`ag'YaVCikQ§�)VCY~bA_Rc'w#^ZAe+g'ZAc=`(0
`aYA¡ZAwh�3ZAg8X'ZvX'_Rc'ch^ZAZAwhw¸`aY[g'b�`ag'YaVCifZAwh_Rc=`o^Z�`�^ZIVCbAe+g'dfw[ZAwhw[g'YhifZ~`aZAY[YaVCdfc?Q��x_Rg'whX'dfw[�3_Rw[_Rc'w�X'ZAwW_RY[dfZAc#�
`zV<`adf_Rc'wy\Rif_R�-VCifZAw¤X'ZAwy�-if_Rc'wonoVCdfwyVCg'bAg'c�^ZAbz�-VCc=`adfifif_Rc _RY[dfZAc=`�^Z�c?j V�^Z�`�^Z��'Y#^ZAifZ�º¨^Z�0�ikj _RY[dfZAc=`zV<`adf_Rc
X'ZAwx�*_Rifd�V<`adf_Rc'wKZ�`vX'ZAwIifdfch^ZNV<`adf_Rc'wK_Rc=`IZAififZAwM�¾n 9ZAnyZ{^Z�`�^Z�¡Vo�3ZAdfc'ZqY[ZAifZ�º¨^ZAZAwAQ?²Jj VCg�`aY[Zq�-VCY¸`(0§if_RY[w[e+g'Z
c'_Rg'wWVNºR_Rc'whZAg�V<¿?VCdfY[ZG¡VqX'ZAw��-if_Rc'w��-VCY¸`adfZAififZAnyZAc=`¨nG�#if_Rc'dS`adfw#^ZAw 0=c'_Rg'whVNºR_Rc'wWw¸�#w¸`�^ZAnoV<`adfe+g'ZAnyZAc=`
^ZAbz�-VCc=`adfifif_Rc'ch^Z�ifZAw¤±A_Rc'ZAwoifZAw¤ny_Rdfc'w$Xh^Z��*_RY[n�^ZAZAwAQ�½¾iKc?j ZAw¸`8X'_Rc'b��-VCwy�3_Rw[w[df�'ifZ�X-VCc'wyifZ��'Y#^ZAw[ZAc=`
`aYaVNºCVCdfi¶X'Z���VCdfY[Z�g'c'Z{^Z�`ag'X'Z]�'Y#^ZAbAdfw[ZqX'Z]i�VJXh^Z��*_RY[noV<`adf_Rc�X'ZAwK�-if_Rc'wKZ�`xX'ZAw~n�^ZAbNVCc'dfw[nyZAw~X'Z]bAZ�`[`aZ
Xh^Z��*_RY[noV<`adf_Rc �*bAdfch^ZAnoV<`adfe+g'Z�0Cbz�-VCny�'w�X'ZKbA_Rc=`aYaVCdfc=`aZCQAQAQ�� 0RbAZK�3_Rdfc=`�w[�h^ZAbAdS�-e+g'Z~�3_Rg'Y[YaV 9Z�`aY[ZKY[ZA�'Y[dfw
X-VCc'w~X'ZAw�^Z�`ag'X'ZAwxg'iS`�^ZAY[dfZAg'Y[ZAwAQ

�#g'Y]ifZAwI�'Y[_5�[ZAb�`adf_Rc'w�w¸`�^ZAY#^ZA_R\RYaVC�'�'dfe+g'ZAwq_/¡g!w[_Rc=`qY[ZA�'Y#^ZAw[ZAc=`�^ZAZAwGifZAw�c'_RY[noVCifZAw�VCg#µ{�'i�VCc'wIX'ZAw
�-if_Rc'w��¥ºR_RdfY��-\Rg'Y[Z~s#Qm»Rs�� 0<i�Vx�'Y[ZAnydk¡ZAY[Zhbz�'_Rw[ZWe+g'd'Y[ZAw[w[_RY¸`�ZAw¸`�i�VxX'dfw[�3ZAY[w[df_RcJX'ZAw��3_Rdfc=`awAQC²�VCc'w�g'c'Z
n 9ZAnyZI±A_Rc'Z�\)^ZA_R\RYaVC�'�'dfe+g'Z�0'ifZAwK_RY[dfZAc=`zV<`adf_Rc'whw[_Rc=`~`aYA¡ZAw~VCi�^ZNV<`a_RdfY[ZAwWZ�`xVCg'bAg'c'ZI`aZAc'X-VCc'bAZ]\Rif_R�-VCifZ
c'ZJ�3ZAg�` 9Z�`aY[ZG`adfY#^ZAZCQ?ThZAi�VyZAw¸`I`aYA¡ZAwIc'Z�`��3_Rg'Yxg'c{noVCw[w[dS��bA_RnynyZqbAZAifg'd�X'Z$°xdfiS`ad/_/¡g�i�V¤`aZAc'X-VCc'bAZ
�-VCYaVCifik¡ZAifZ$¡VGi�VGX'dfY[ZAb�`adf_Rc8X'g�bA_Rny�'ifZ´µ�Zv�-if_Rc'dfZAc8X'ZAwW�-if_Rc'wWX'Zv`aY[_#b�`a_RifdS`aZxZ�`~X'ZI\=VC�'�'Y[_�¡VG_RifdSº#dfc'Z
ZAw¸`xbAi�VCdfY[ZIZ�`x_/¡g�ifZAwK_RY[dfZAc=`zV<`adf_Rc'wKX'ZAwK�-if_Rc'wKX'Z]\=VC�'�'Y[_Rc'_RY[dS`aZ�w[_Rc=`xZ´µ#`aY 9ZAnyZAnyZAc=`~ºCVCY[d�VC�'ifZAwAQ
²�VCc'w�ifZKXh^Z�`zVCdfi 0´�Aj VCd'��VCdS`¨g'c'ZxX'dfw¸`adfc'b�`adf_Rc¤ZAc=`aY[Zxc'ZAg��?`¾�#�3ZAw�X'Zx\=VC�'�'Y[_Rc'_RY[dS`aZAw 0=bAi�VCw[w[dS�-bNV<`adf_Rc

�-VCw#^ZAZ$w[g'YvifZAwI�'Y[_R�3_RY¸`adf_Rc'wxnydfch^ZAYaVCif_R\Rdfe+g'ZAw~Z�`�ifZAwvY[ZAi�V<`adf_Rc'w~`aZ´µ#`ag'YaVCifZAwIZAc=`aY[Z$nydfch^ZAYaVCg#µ¶Q3��ifg'w
\)^ZAch^ZAYaVCifZAnyZAc=`(0<i�Vx�'Y#^ZAw[ZAc'bAZ~_RgJikj VC�'w[ZAc'bAZKX?j _RifdSº#dfc'Z¨Z�`�ikj _RY[X'Y[Z�X'ZWbAY[dfw¸`zVCififdfwaV<`adf_Rc]X'ZAw��'�-VCw[ZAw��qZAc
�-VCY¸`adfbAg'ifdfZAYKi�V¤�3_Rw[dS`adf_Rc�X'ZGikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGX-VCc'wvi�V¤w#^ZAe+g'ZAc'bAZ$X'ZqbAY[dfw¸`zVCififdfwaV<`adf_Rc ���3ZAY[nyZ�`vX'Z
X'dS¿x^ZAY[ZAc'bAdfZAYIifZAw�X'ZAg#µ bNV<`�^ZA\R_RY[dfZAwI�'Y[dfc'bAdf�-VCifZAwIX'Z$\=VC�'�'Y[_Rc'_RY[dS`aZAwJ�¶ifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAwy¡V8_RifdSº#dfc'Z
X'_Rc=`$ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z8ZAw¸`$g'c'Z8�'�-VCw[Zo`zVCY[X'dSºRZoZ�`JifZAwJ\=VC�'�'Y[_Rc'_RY[dS`aZAwGVNºRZAb�_Rg�waVCc'wJ_RifdSº#dfc'Z¤Z�`



$ � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

Bahla Musqat Fizh, Hilti

FZN

F
ZS

H
IL

Kawad, Musibit

K
W

D

M
SB

Nakhl

NAE

NAW

Haylayn, Sarami, Wuqbah

RU
SSAM

Suma’il

N
RS

MQD

SDS

Samad Ibra, Wadi Tayin

IB
R

W
T

N

�$	���� s#Qm»Rs ����Y[_5�[ZAb�`adf_Rc'wvw¸`�^ZAY#^ZA_R\RYaVC�'�'dfe+g'ZAwvny_Rc=`aYaVCc=`vifZAwx_RY[dfZAc=`zV<`adf_Rc'w~X'ZAwx��VCbAdk¡ZAwxX'Zq\=VC�'�'Y[_<�
c'_RY[dS`aZ]ZAc��*_Rc'b�`adf_Rc�X'ZAwv±A_Rc'ZAwv\)^ZA_R\RYaVC�'�'dfe+g'ZAwAQ3��_Rg'YxbA_Rny�-VCYaVCdfw[_Rc0-ikj _RY[dfZAc=`zV<`adf_Rc�ny_��RZAc'c'ZGX'g
bA_Rny�'ifZ´µ�Z]�-if_Rc'dfZAc��3_Rg'YxifZAwxX'dS¿x^ZAY[ZAc=`aZAwxY#^ZA\Rdf_Rc'wxZAw¸`vX'_Rc'ch^ZAZGw[g'Yxbz�-VCe+g'ZJw¸`�^ZAY#^ZA_R\RYaVCnynyZ]Z�`vZAw¸`
Y#^Z���^ZAY[ZAc'b3^ZAZvbA_RnynyZWw[g'dS`x� �����o�RnoVCw[w[dS�¶X'Z,+)df±A�¤w[g'X �kThZAg'ifZAc'ZAZAY 0§P-�R|������ �������RnoVCw[w[dS�¶X'Z,+)df±A�
c'_RY[X � �#nyZ %~dfc'\ 0-P-�R|R�RV � /~ZAg'�3ZAY 0§P-�R|R| �(��VCbN}/ZA_#X8VCc'X�/~_C`a�'ZAY¸��0§P-���=s������	��
��+noVCw[w[dS�¶X'Zv°xdfiS`ad
�kThZAg'ifZAc'ZAZAY 0�P-�R|��������� ���¶noVCw[w[dS�¨X'Z �]VC� %WVCX � ��dfw[w[ZAY[d 0)P-�R|=s���� ����� �?noVCw[w[dS�¨X'Z ��g'w[df�'dS`
� ��dfw[w[ZAY[d 0§P-�R|=s������	�����#noVCw[w[dS�?X'Z �vV &+�'i¶_Rg'ZAw¸` � hY[_ %~c'dfc'\ 0§P-�R|=s���ThZAg'ifZAc'ZAZAY 0¶P-�R|��������	�����
noVCw[w[dS�~X'Z �vV &+�'ihZAw¸` � ��VCbN}/ZA_#X�VCc'X �hVC_Rg-VCc'bAe*0�sC�R�R��������� ���)noVCw[w[dS�~X'Z ��VCYaVCnyd �kThZAg'ifZ´�
c'ZAZAY 0§P-�R|�������!����o�=noVCw[w[dS�*w¨X'Zx°vVN�#i�VN�#cyZ�`��:g'e+�-VC� ���)VCififdfw¸`aZAY 0�P-�R|�P�� hY[_ %~c'dfc'\ 0-P-�R|=s��=²�VC�'i 0
P-�R|C� ��ThZAg'ifZAc'ZAZAY 0WP-�R|�������� �����)noVCw[w[dS�~X'Z �#g'noV�j dfi¨w[g'X�� ��dfw[w[ZAY[d 0�P-�R|=s������ !�� ��noVCw[w[dS�~X'Z
�#g'noV�j dfi3c'_RY[X � ��dfw[w[ZAY[d 0¶P-�R|=s��'ThZAg'ifZAc'ZAZAY 0/P-�R|���������� ����noVCw[w[dS�"X'Z	�#g'noV�j dfi 0+Y#^ZA\Rdf_Rc8X'Z���VCeR�
waVCX �kThZAg'ifZAc'ZAZAY 0�P-�R|�� ����VCbN}/ZA_#X!VCc'X /~_C`a�'ZAY¸��0"P-���=s�� �xdfbA_Ri�VCw~VCc'X+h_Rg'X'dfZAY 0/P-���=»����C_Rg'w[w[ZAifdfc
Z�`~VCikQ 03P-���R|�������� !���noVCw[w[dS�/X?j ½¾�'YaV ���)VCififdfw¸`aZAY 0§P-�R|�P�� ��dfw[w[ZAY[d 03P-�R|=s������! ��p��noVCw[w[dS�/X'g���VCX'd
¯)VN�#dfc � ��dfw[w[ZAY[d 0¶P-�R|=s��-ThZAg'ifZAc'ZAZAY 0/P-�R|����´Q'��_Rg'YKifZInoVCw[w[dS�"X'Z	��VCnoVCX0#ºR_RdfYxThZAg'ifZAc'ZAZAY 0/P-�R|��GZ�`
��dfw[w[ZAY[d 0?P-�R|=s#Q �¨_RdfYh`zVC�'ifZNVCg�s#Q �$�3_Rg'Y~i�VJi�^ZA\RZAc'X'Z]X'ZAwxw¸�#nJ�3_RifZAwAQ



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� $ D

,u��8v´A�����"!#��!#�"% �"�G�"���&��)�!#�"�>�� ���&'��#í����/�)&�����"% � � !#�
���.� ��¼

,-$8^´A�����"!#��!#�"% �"�:/0!#���"���&�����G'��E�?�.)�!#�"�>�� ���&'��#í
���/�)&�����"% � � !#�����.� � �

�$	���� s#Qm»C� �J²IZAg#µ¤i�VCnyZAw�nydfc'bAZAw)��VCdS`aZAw�X-VCc'w�X'ZAw$^ZAbz�-VCc=`adfifif_Rc'w�X'g¤noVCw[w[dS�3X'Z,��g'w[df�'dS`NQ+t]VC�'�'Y[_<�
c'_RY[dS`aZAwJ¡V¤_RifdSº#dfc'Z�VNºRZAbGZ�`vwaVCc'wx�'_RY[c+�'ifZAc'X'Z�¡V$`aZ´µ#`ag'Y[ZqX'Zqn�^ZAw[_#bAg'nJg'i�V<`(0'i�V$bAY[dfw¸`zVCififdfwaV<`adf_RcoX'ZAw
�=�#Y[_Nµ¶¡ZAc'ZAwKZAw¸`h`zVCY[X'dSºRZv�-VCY�YaVC�'�3_RY¸`]¡VqbAZAififZAw�X'ZAwW_RifdSº#dfc'ZAw¨Z�`hX'ZAwW�'i�VC\Rdf_#bAi�VCw[ZAw 0Rikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z
ZAcy�-VCY¸`adfbAg'ifdfZAY�VC�'�-VCYaV-9<S`¨ZAcy�3_Rw[dS`adf_Rc$dfc=`aZAY[w¸`adS`adfZAififZhZ�`hikj VCny�'�'df�3_RifZ�w[Zx�'i�VCbAZ~X-VCc'w¨ifZAw¨dfc=`aZAY[w¸`adfbAZAw
ZAc=`aY[Zq\RYaVCdfc'wAQ'}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0'c'dfbA_RifwWbAY[_Rdfw#^ZAwAQ

9010

90

0.1

8020

80

0.2

7030

70

0.3

6040

60

0.4

5050

50

0.5

4060

40

0.6

3070

30

0.7

2080

20

0.8

1090

10

0.9

Ol Cpx + Opx

Pl 

Cpx Opx

Gabbros à Olivine et Orthopyroxène
Gabbros à Olivine, Orthopyroxène et Amphibole
Gabbronorites à Olivine

�$	���� s#Qm»<� ��²Id�VC\RYaVCnynyZ:Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw¸`adf_Rc'wyny_#X-VCifZAwyX'ZAw8\=VC�'�'Y[_Rc'_RY[dS`aZAw{¡V
_RifdSº#dfc'Z��*\=VC�'�'Y[_RwK¡Vv_RifdSº#dfc'Z�Z�`�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0
\=VC�'�'Y[_Rc'_RY[dS`aZAw�¡V _RifdSº#dfc'ZX'_Rc=`¹ikj _RY¸`a�'_R�=�=�
Y[_Nµ¶¡ZAc'Z¨ZAw¸`��'Y#^ZAbA_#bAZ �?X-VCc'w"ifZ�w¸�#w¸`N¡ZAnyZ¨`aZAY[c-VCdfY[Z
�'i�VC\Rdf_#bAi�VCw[Z ����i � ��_RifdSº#dfc'Z�klIi � ���=�#Y[_Nµ¶¡ZAc'ZAw
�kTh�Rµ ��lI�Rµ �´Q

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Opx Am 

Pl 

Norites 
Norites riches en Amphiboles
Norites riches en Amphiboles et en Opaques

�$	���� s#Qm»R» � ²Id�VC\RYaVCnynyZ�Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw¸`adf_Rc'w¨ny_#X-VCifZAw�X'ZAwhc'_RY[dS`aZAw�Z�`hX'ZAw�c'_<�
Y[dS`aZAw ¡V��'_RY[c+�'ifZAc'X'Z�Z�`´³<_Rg�_Nµ#�#X'Z!X'_Rc=`8ikj _RYM�
`a�'_R�=�#Y[_Nµ¶¡ZAc'ZJZAw¸`vg'c'Zq�'�-VCw[ZG�'Y#^ZAbA_#bAZqX-VCc'wxifZ
w¸�#w¸`N¡ZAnyZ�`aZAY[c-VCdfY[Z��'i�VC\Rdf_#bAi�VCw[Z ����i � ��_RY¸`a�'_<�
�=�#Y[_Nµ¶¡ZAc'Z �klI�Rµ � ��VCny�'�'df�3_RifZ � �vn�´Q



$§¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbros à olivine (230 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbros à Olivine et Orthopyroxène (45 échantillons)

Gabbros à Olivine, Orthopyroxène et Amphibole (7 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbros à olivine (230 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbros à Olivine et Orthopyroxène (45 échantillons)

Gabbros à Olivine, Orthopyroxène et Amphibole (7 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène         

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbros à olivine (230 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbros à Olivine et Orthopyroxène (45 échantillons)

Gabbros à Olivine, Orthopyroxène et Amphibole (7 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Orthopyroxène          

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n
Famille des gabbros à olivine (230 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbros à Olivine et Orthopyroxène (45 échantillons)

Gabbros à Olivine, Orthopyroxène et Amphibole (7 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Amphibole              

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbros à olivine (230 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbros à Olivine et Orthopyroxène (45 échantillons)

Gabbros à Olivine, Orthopyroxène et Amphibole (7 échantillons)

�$	���� s#Qm»�����°xdfw¸`a_R\RYaVCnynyZAwqny_Rc=`aYaVCc=`JifZAwq�*Y#^ZAe+g'ZAc'bAZAw$X'Z8�3_Rg'Y[bAZAc=`zVC\RZ8ZAc��'i�VC\Rdf_#bAi�VCw[ZAw 0/_Rifd �
º#dfc'ZAw 0-bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0-_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwxZ�`xVCny�'�'df�3_RifZvX-VCc'wKifZAwK\=VC�'�'Y[_Rc'_RY[dS`aZAwG¡VJ_RifdSº#dfc'ZvX'_Rc=`
ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z~ZAw¸`¨`zVCY[X'dS� �*ZAc¤�'ifZAg �´Q=��cI�aVCg'c'ZKw[_Rc=`¨Y[ZA�'Y#^ZAw[ZAc=`�^ZAwhifZAw��'dfw¸`a_R\RYaVCnynyZAw)ny_Rc=`aYaVCc=`
ifZAw]�*Y#^ZAe+g'ZAc'bAZAw¤X'ZobA_Rc'bAZAc=`aYaV<`adf_Rc:�3_Rg'YGikj ZAc'w[ZAnJ�'ifZyX'ZAwJ\=VC�'�'Y[_RwqbA_Rc=`aZAc-VCc=`$ZAc�n 9ZAnyZ¤`aZAny�'w
X'Zqikj _RifdSº#dfc'ZIZ�`xX'Zqikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGwaVCc'wxX'dfw¸`adfc'b�`adf_Rc�X'Z]`aZ´µ#`ag'Y[ZCQ �¨_RdfYKi�V$i�^ZA\RZAc'X'ZqX'Zqi�VJ�-\Rg'Y[Z
s#Q �R|$�3_Rg'YKifZAw~�'dfw¸`a_R\RYaVCnynyZAwWZAc�\RY[dfwAQ



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� $*�

,u��8 �ì(/�)&�����"% � � !#�x'���1������"!#��!#�"% �"�+,u�#�+Ä��Ç�� �08Fí
*I�#�"��% ºv'��$��% ��)

,-$8 �ì(/�)&�����"% � � !#�Þ'��.1������"!#��!#�"% �"�I,u�#��Ò9Á ��� �08Fí
*I�#�"��% ºv'��3²�������*+%

,u/�8 �ì(/�)&�����"% � � !#�h'��I��!#�"% �"�Þ,u½>ê ��� ¼#§�8FíL*I�#�"��% º
'�� 
E�C=>�?�C=>�

,u'&8 �ì(/�)&�����"% � � !#�I'��7��!#�"% �"�.,u�#�.ÆÛãæ��Ð��8Fí�*I�#�"��% º
'��#.h�#'�% 6T	��C=>% �

�$	���� s#Qm»Rr ��+§VCbAZAwow[bAd�^ZAZAwoX'Z�X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w¤X'Z�\=VC�'�'Y[_Rc'_RY[dS`aZ�Z�`8X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w¤X'Z
c'_RY[dS`aZ�X'_Rc=`xikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z]ZAw¸`vw[g'�#�MVCg�`a_Rny_RY[�'�'Z�ZAc�dfc'bAifg'w[df_Rc�X-VCc'w~ifZAwxVCg�`aY[ZAw~�'�-VCw[ZAwAQ

X'_Rc=`xikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZqZAw¸`xg'c'Z]�'�-VCw[Zq�'Y#^ZAbA_#bAZCQ

� � � � � � ����� 9<2�2�8:5 � 5�8#0
	 ��� 	 5 � 	 4 ��� 8 	:=�5@; �,8:5 � �� ��� ��� 	 ����� ;�=�9 �.�
	 9 8 	 0�� � 5 �  5 � 	 � � ; 5�8:9<0 ��� 	���� 9 � 	 8 ��� ;�=�9 �.���

�)VCY[nyd�`a_Rg'w�ifZAw��-if_Rc'w�Xh^ZAbAY[dS`aw 0/g'c'Z¤bAdfc'e+g-VCc=`zVCdfc'Z¤bA_RY[Y[ZAw[�3_Rc'X'ZAc=`�¡V�bAZ$`¾�#�3ZCQ)ThZ¤w[_Rc=`qX'ZAw
bAg'nJg'i�V<`awK¡Vxe+g-V<`aY[Z�_RgGbAdfc'e]�'�-VCw[ZAw��*_RifdSº#dfc'Z�0��'i�VC\Rdf_#bAi�VCw[Z�0AbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0<_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZWZ�`´³<_Rg
VCny�'�'df�3_RifZ �¨¡VK`aZ´µ#`ag'Y[ZWX?j VCX'bAg'nJg'i�V<` �¥�-\Rg'Y[ZKs#Qm»#P��?_RgGX'Zhn�^ZAw[_#bAg'nJg'i�V<` �¥�-\Rg'Y[ZKs#Qm»C���?bA_Rc=`aZAc-VCc=`
�-VCY¸�*_RdfwIX'ZAw�±A_Rc'ZAw]�'ifg'wI_Rg{ny_Rdfc'wIY[ZAbAY[dfw¸`zVCififdfw#^ZAZAwAQ3½¾ifwIw[_Rc=`]bNVCYaVCb�`�^ZAY[dfw#^ZAw]�-VCYIg'c'Z$ny_RY[�'�'_Rif_R\RdfZ
µ�^ZAc'_Rny_RY[�'�'Z¤X'Z¤`a_Rg�`aZAw]ifZAw]�'�-VCw[ZAwGVNºRZAbyX'ZAwqbA_Rc=`zVCb�`awq_Rc'X'g'i�VCc=`aw]ZAc=`aY[Zynydfch^ZAYaVCg#µ{dfc'X'dfe+g-VCc=`
g'c'Z¨bA_<�¾�'Y#^ZAbAdf�'dS`zV<`adf_RcvX'ZAw"�'�-VCw[ZAwAQClIc]_R�'w[ZAY¸ºRZ�ch^ZNVCc'ny_Rdfc'w?X'Z��3Z�`adS`aw/bAY[dfw¸`zVCg#µ�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw



$ 2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8 ´A�����"!#��!#�"% �"� '�� *I�#�"��% º¾'�� ��% ��)
,C���/�)&�����"% � � !#���#�+Ä��Ç��ê��8

,-$8äµ:!#�"% �"� '���*I�#�"��% ºÔ'�� 
:% � �"%B,C���/�)&�����"% � � !#�
½#½�	�����#8

�$	���� s#Qm»C| � +§VCbAZAwyw[bAd�^ZAZAwyX'Z�X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'wJny_Rc=`aYaVCc=`yikj VCny�'�'df�3_RifZyw[Z�Xh^Z�ºRZAif_R�'�-VCc=`oZAc
bA_Rg'Y[_Rc'c'ZqVCg�`a_Rg'Y~X'ZAw~_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ

X'Zv�'i�VC\Rdf_#bAi�VCw[Z~_Rg8X?j _RifdSº#dfc'Z~ZAc8dfc'bAifg'w[df_RcoX-VCc'whifZAwh�=�#Y[_Nµ¶¡ZAc'ZAw 0-ifZAw[e+g'ZAifwh_#bAbAg'�3ZAc=`Kw[_Rg�ºRZAc=`~g'c'Z
�3_Rw[dS`adf_Rc��3_Rw¸`¸�¾bAg'nJg'ifg'w �¥�-\Rg'Y[Z$s#Qm»C���´Q¶}/ZAwv�=�#Y[_Nµ¶¡ZAc'ZAw 0/Z�`I�'ifg'wv�-VCY¸`adfbAg'ifdk¡ZAY[ZAnyZAc=`vifZAwx_RY¸`a�'_R�=�=�
Y[_Nµ¶¡ZAc'ZAwKw[_Rc=`KX'_Rc'bIi�^ZA\'¡ZAY[ZAnyZAc=`W�'ifg'w�`zVCY[X'dS�*w�e+g'ZIifZAwh�'i�VC\Rdf_#bAi�VCw[ZAw¨Z�`KifZAwh_RifdSº#dfc'ZAwAQ#}�j VCny�'�'df�3_RifZ
c?j ZAw¸`y�-VCw$`a_Rg5�[_Rg'Y[w$�'Y#^ZAw[ZAc=`aZ�noVCdfwJZAififZ8ikj ZAw¸`¤X-VCc'w¤g'c'Z�X'df±NVCdfc'Z8X'Z�i�VCnyZAw�¡V{g'c'Z��'Y[_R�3_RY¸`adf_Rc
X?j¥¡VJ�3ZAg��'YA¡ZAw]P�� 
�Z�`~ZAififZv_#bAbAg'�3Z]ifZAwWdfc=`aZAY[w¸`adfbAZAwKZAc=`aY[Z�nydfch^ZAYaVCg#µ �¥�-\Rg'Y[Zqs#Qm»C�J� �´Q'}�j _RY[X'Y[Z�X'Z
bAY[dfw¸`zVCififdfwaV<`adf_RcoZAw¸`xX'_Rc'b¤�
� ( � ©y( � � ( � ©y( � E=�¶. � © �¶. � E=�¶. � © �¶. � � � � 9 # Q
}"V$`zVCdfififZvX'ZAwxbAY[dfw¸`zVCg#µ�ZAw¸`IVCw[w[ZA±q�'_Rny_R\'¡ZAc'ZqVCg�w[ZAdfc�X?j g'c�n 9ZAnyZ!^ZAbz�-VCc=`adfifif_Rc�noVCdfwWZAififZ�ZAw¸`

`aYA¡ZAw~ºCVCY[d�VC�'ifZ]X?j g'c�^ZAbz�-VCc=`adfifif_Rc�¡Vyikj VCg�`aY[Z�0§VCifi�VCc=`~X'g�bAg'nJg'i�V<`$¡Vy\RYaVCdfc'wK�-c'w �*ny_Rdfc'wKX'ZyPGnyn�
�[g'w[e+g?j¥¡VIikjM^ZAbz�-VCc=`adfifif_Rc8¡V~`aYA¡ZAw�\RY[_Rw�\RYaVCdfc'w �*X'Zhikj _RY[X'Y[Z�X'gJbAZAc=`adfn�¡Z�`aY[Z �´QC}/ZAwq^ZAbz�-VCc=`adfifif_Rc'w�w[_Rc=`��3ZAg
¡V��-VCwqXh^Z��*_RY[n�^ZAw 0"ifZAwqbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwJZAc:�-VCY¸`adfbAg'ifdfZAY��'Y#^ZAw[ZAc=`aZAc=`¤�-VCY¸�*_Rdfw 0/noVCdfw�YaVCY[ZAnyZAc=`(0"X'ZAw
Z´µ#`adfc'b�`adf_Rc'wKY[_Rg'i�VCc=`aZAw~wAj VCbAbA_Rny�-VC\Rc-VCc=`xX?j g'c'Z���VCdf�'ifZIY[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc8VCg#µG�[_Rdfc=`awKX'Z]\RYaVCdfc'wAQ
²IZAw!_R�-VCe+g'ZAw{w[_Rc=`{�'Y#^ZAw[ZAc=`aw{X-VCc'w!i�V��'ifg'�-VCY¸`�X'ZAw{i�VCnyZAw �*X'Z���Qm»�
 ¡V »�
 � 0vbAZ�w[_Rc=`

\)^ZAch^ZAYaVCifZAnyZAc=`oX'ZAw8w[g'iS�*g'Y[ZAwoX'Z 	��!Z�` �� 0h�-VCY¸�*_RdfwyX'ZAwow[�'dfc'ZAififZAwybz�'Y[_RnydS�M¡ZAY[ZAwyZ�`8Z´µ�bAZA��`adf_Rc#�
c'ZAififZAnyZAc=`WX'ZAwK�h^ZAnoV<`adS`aZAwW_Rg�X'ZAwKdfifn�^ZAc'dS`aZAw �¥ºR_RdfY�`zVC�'ifZNVCg�s#QSP��´Q#¯�_Rg�`aZAwKifZAwWi�VCnyZAwhbA_Rc=`adfZAc'c'ZAc=`
X'Zqikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�03noVCdfw~bAZAifg'd �¾bAd?Y[ZAw¸`aZGg'c'ZG�'�-VCw[Zqnydfc'ZAg'Y[Z]�'Y#^ZAw[ZAc=`aZ�¡Vyny_Rdfc'wKX'ZyP5» 
8Q3}/ZAw
�'Y[_R�3_RY¸`adf_Rc'wWX'Z]�'i�VC\Rdf_#bAi�VCw[Z�0#X?j _RifdSº#dfc'ZIZ�`xX'Z]bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z]w[_Rc=`~`aYA¡ZAwKºCVCY[d�VC�'ifZAw 0'ZAififZAwWºR_Rc=`xX'Z
P5»�
¡V	�=»�
��3_Rg'Y¨ifZAw¨�'i�VC\Rdf_#bAi�VCw[ZAw 0CX'Zv»�
�¡V �=»�
��3_Rg'Y¨ifZAw¨_RifdSº#dfc'ZAw 0RX'ZI»�
¡VG»C��
��3_Rg'Y¨ifZAw
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw~Z�`~X'ZG» 
�¡V8P5» 
À�3_Rg'YKifZAwW_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw �¥�-\Rg'Y[ZAwvs#Qm»<�$Z�`vs#Qm»����´Q'}�j VCny�'�'d �
�3_RifZxZAw¸`~�'Y#^ZAw[ZAc=`aZ�X-VCc'wWbAZAY¸`zVCdfc'wo^ZAbz�-VCc=`adfifif_Rc'w�¡VGg'c8`zVCg#µ8VCw[w[ZA±�w¸`zVC�'ifZvX'ZJP�� 
�0�ZAififZxbAY[dfw¸`zVCififdfw[Z
X-VCc'wIifZAwvdfc=`aZAY[w¸`adfbAZAwIi�VCdfw[w#^ZAwv�-VCYvifZAwIVCg�`aY[ZAwI�'�-VCw[ZAw�nydfch^ZAYaVCifZAw~Z�`]VC�'�-VCYaV-9<S`vifZG�'ifg'wvw[_Rg�ºRZAc=`]ZAc
bA_Rg'Y[_Rc'c'ZGVCg�`a_Rg'YxX'Zqikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�¥�-\Rg'Y[ZAw�s#Q �+»$Z�`Is#Qm»C|��´Q§}"V¤�-\Rg'Y[ZJs#Qm»��$ny_Rc=`aY[ZqX'ZAwx�'dfwM�
`a_R\RYaVCnynyZAwq_/¡g:i�V��'Y[_R�3_RY¸`adf_Rc:X?jM^ZAbz�-VCc=`adfifif_Rc'wqX'Z8\=VC�'�'Y[_Rc'_RY[dS`aZ{¡V�_RifdSº#dfc'Z¤ZAw¸`$Y[ZA�'Y#^ZAw[ZAc=`�^ZAZ�ZAc
�*_Rc'b�`adf_Rc�X'ZAwy�'Y[_R�3_RY¸`adf_Rc'w$nydfch^ZAYaVCif_R\Rdfe+g'ZAwAQ �#g'YybAZAwyX'd�VC\RYaVCnynyZAw 0)_Rc _R�'w[ZAY¸ºRZ�e+g'Z�ifZ�ny_#X'Z
ZAc��'i�VC\Rdf_#bAi�VCw[Z¤ZAw¸`¤ifZ8�'ifg'wG�*Y#^ZAe+g'ZAnynyZAc=`¤bA_Rny�'Y[dfwGZAc=`aY[Z��=� 
 Z�`o»C��
�0�bAZAifg'dhX?j _RifdSº#dfc'ZoZAw¸`
�*Y#^ZAe+g'ZAnynyZAc=`¤ZAc=`aY[Z{P�� 
 Z�`osC� 
�0�bAZAifg'dhX'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�ZAc=`aY[Z�sC� 
 Z�`y�R� 
 Z�`$ZAc��-c0



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� $ O

,u��8G±D�#�"��% ºv'��$��% ��)LíG���/�)&�����"% � � !#���#��Ä�� �# ,-$8A±D�#�"��% ºG'�� 
:% � �"%JíA���/�)&�����"% � � !#��'��I1������"!#��!�6
�"% �"��À�+��*+��)�% $!#� �.½#½�	���êV¼

�$	���� s#Qm»�� � +§VCbAZAw~w[bAd�^ZAZAw~X'Z]X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'wKX'Z]\=VC�'�'Y[_Rc'_RY[dS`aZAwKnG�#if_Rc'dS`adfw#^ZAwAQ

�$	���� s#Q �R� �]�)µ�ZAny�'ifZ¨X?jM^ZAbz�-VCc=`adfifif_Rc]X'Z�c'_RY[dS`aZ
�3ZA\RnoV<`adS`adfe+g'ZWVNºRZAb~±A_Rc-V<`adf_RcJnydfch^ZAYaVCif_R\Rdfe+g'ZAw
�*noVCw[w[dS��X'Z �vV &+�'i 0W^ZAbz�-VCc=`adfifif_Rc ���
 �ÀP-� 
 �´Q

�$	���� s#Q ��P ���)µ�ZAny�'ifZGX?jM^ZAbz�-VCc=`adfifif_Rc�X'Zq\=VC�#�
�'Y[_Rc'_RY[dS`aZo¡V$\RYaVCdfc'wW�-c'wxVNºRZAbqbAY[_Rdfw[waVCc'bAZ]�-VCYM�
Y[dfw[dS`adfe+g'Z�X'ZAwybAY[dfw¸`zVCg#µ�VCg#µÀ^ZA�3_Rc=`aZAw �*noVCw[w[dS�
X'Z	+)df±A�0W^ZAbz�-VCc=`adfifif_Rc��R�
	�� �=� 
 �´Q



$#$ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Q �=s � t]VC�'�'Y[_Rc'_RY[dS`aZ�¡V_RifdSº#dfc'Z�ZAc
dfny�'Y#^ZA\Rc-V<`adf_Rc�X'g�noVCw[w[dS��X'Z +)df±A��ifZAw�_Rifd �
º#dfc'ZAw)w[_Rc=`�ZAcJdfc'bAifg'w[df_RcGX-VCc'w)ifZAw)�'i�VC\Rdf_#bAi�VCw[ZAw
Z�`�X-VCc'w�ifZAw _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw ��^ZAbz�-VCc=`adfifif_Rc
�R� 	��U�=� ���´Q }/g'nydk¡ZAY[Z �3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_Rifw
bAY[_Rdfw#^ZAwAQ

�$	���� s#Q �R� � ^��bz�-VCc=`adfifif_RcÀX'Z�c'_RY[dS`aZ�ny_Rc#�
`aYaVCc=`�ifZpbNVCYaVCb�`N¡ZAY[Z �'Y#^ZAbA_#bAZ�X'Z ikj _RY¸`a�'_R�=�=�
Y[_Nµ¶¡ZAc'Z�Z�`¤`zVCY[X'dS�xX'g �'i�VC\Rdf_#bAi�VCw[Z �*noVCw[w[dS�xX'Z
+)df±A�0W^ZAbz�-VCc=`adfifif_Rc��R� 	���sRs�
 �´Q§}/g'nydk¡ZAY[Z��3_<�
i�VCY[dfw#^ZAZ�0'c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

bAZAifg'd"X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGZAc=`aY[ZoP�� 
�Z�`GP5» 
�0§X'_Rc'c-VCc=`vi�V$bA_Rny�3_Rw[dS`adf_Rc�nydfch^ZAYaVCif_R\Rdfe+g'ZIi�V¤�'ifg'w
bA_Rg'YaVCc=`aZ¤�3»C� 
���i ��sC� 
¹lIi ��sC� 
¹Th�Rµ �ÀP�� 
¹lI�Rµ¶Q

� � � ��� � ��� � 9<2�2�8:5 � 5�8#0
	 ��� ���  5 � 	 � � 9 � 	 ;�9 � 	���� 430��	0 ��� 5 � 	 5 � 	
4 ��� 8 	:=�5@; �,8:5 � �� ��� ��� 	 ����� ;�=�9 �.� ;�8 ��  5� �

}"V \RYaVCc'X'Z�noV��[_RY[dS`�^Z �*�'ifg'w¤X'Z�sC�R� ^ZAbz�-VCc=`adfifif_Rc'w�	��qX'ZAw�^ZAbz�-VCc=`adfifif_Rc'w$X'Z�\=VC�'�'Y[_Rc'_RY[dS`aZ8ZAc
�-if_Rc�X-VCc'w¤i�V!w[ZAb�`adf_Rc�noVCc=`aZAifi�VCdfY[ZyX'Z�ikj _R�'�'df_RifdS`aZ¤X?jmlInoVCc�bA_Rc=`adfZAc'c'ZAc=`yX'ZAw¤_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw
bAi�VCdfY[ZAnyZAc=`yw[g'�#�MVCg�`a_Rny_RY[�'�'ZAw ¡V:VCg�`a_Rny_RY[�'�'ZAw �¥ºR_RdfY¤�-\Rg'Y[ZAw�s#Q �+» Z�`�s#Qm»Rr�� 0¨dfifw¤w[_Rc=`8�-VCY¸�*_Rdfw
w[_Rg'wW�*_RY[nyZxX'Z��3Z�`adS`awh\RYaVCdfc'whZAc'\Rif_R�h^ZAwWX-VCc'wWifZAwhbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwK_Rg�ifZAwh�'i�VC\Rdf_#bAi�VCw[ZAw�dfc'X'dfe+g-VCc=`
e+g'Z8ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�ZAw¸`$dfbAd¨g'c'Z8X'ZAw$�'Y[ZAnydk¡ZAY[ZAwG�'�-VCw[ZAw�¡V�bAY[dfw¸`zVCififdfw[ZAY 0"VNºCVCc=`JifZo�'i�VC\Rdf_#bAi�VCw[ZCQ
²�VCc'w�bAZAwJ^ZAbz�-VCc=`adfifif_Rc'w 05ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZKZAw¸`¨if_RdfcqX?j 9Z�`aY[ZKg'c'ZW�'�-VCw[ZKnydfc'ZAg'Y[Z�0<YaVCY[ZAnyZAc=`��'Y#^ZAw[ZAc=`
¡V�ny_Rdfc'wqX'Z!P5»+
�0�dfi�_#bAbAg'�3Zo�-VCY¸�*_RdfwK�[g'w[e+g?j¥¡V!�=��
�X'Z8i�V�w[g'Y¸��VCbAZ8X'ZAw�^ZAbz�-VCc=`adfifif_Rc'w�¥�-\Rg'Y[ZAw
s#Qm»C| 03s#Q �=rJZ�`Is#Qmr����WZ�`xw[_Rc�ny_#X'Z]ZAw¸`x�*Y#^ZAe+g'ZAnynyZAc=`xbA_Rny�'Y[dfwKZAc=`aY[ZJsC� 
�Z�`I�R� 
 �¥ºR_RdfYW�-\Rg'Y[Z
s#Q �C� �´Q¶ThZAwv\=VC�'�'Y[_Rc'_RY[dS`aZAw~�*_RY[nyZAc=`vg'c�\RY[_Rg'�3ZqifdS`a�'_Rif_R\Rdfe+g'ZIZ´µ#`aY 9ZAnyZAnyZAc=`IX'dSºRZAY[w[dS�W^Z�03i�V$`zVCdfififZ
X'ZAwh\RYaVCdfc'w 0+ifZAw¨`aZ´µ#`ag'Y[ZAwhZ�`WifZAw��'Y[_R�3_RY¸`adf_Rc'w¨nydfch^ZAYaVCif_R\Rdfe+g'ZAwJ^Z�`zVCc=`h�-VCg�`aZAnyZAc=`hºCVCY[d�VC�'ifZAwAQ=¯�_Rg'w
ifZAw ^ZAbz�-VCc=`adfifif_Rc'w8bA_Rc=`adfZAc'c'ZAc=`�VCg ny_Rdfc'w8X'Z ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z Z�`�X'g��'i�VC\Rdf_#bAi�VCw[Z�0¨wAj V��[_Rg�`aZAc=`
X'ZAwJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw$�3_Rg'YJi�V�noV��[_RY[dS`�^ZyX'ZAwJY[_#bz�'ZAw$Z�`$ny_Rdfc'w]�*Y#^ZAe+g'ZAnynyZAc=`$X'ZAwJ_RifdSº#dfc'ZAw 0"X'ZAw
VCny�'�'df�3_RifZAwWZ�`´³<_Rg�X'ZAwx_R�-VCe+g'ZAwAQ

�¨�#� ��%'&�&�45B3>"B§4<�¥���#� �%�©y(��¥6"��>"�
��ififZAwIw[_Rc=`]�'dfZAc{�'ifg'wIYaVCY[ZAw�e+g'Z$ifZAwI\=VC�'�'Y[_Rc'_RY[dS`aZAwIX'g!`¾�#�3Z¤�'Y#^ZAb3^ZAX'ZAc=`q�'g'dfw[e+g'Z$w[ZAg'ifZ$g'c'Z

X'df±NVCdfc'ZIX?jM^ZAbz�-VCc=`adfifif_Rc'wKbA_RY[Y[ZAw[�3_Rc'X'ZAc=`¤¡V$bAZ�`¾�#�3ZCQ§��ififZAwK�'Y#^ZAw[ZAc=`aZAc=`v`a_Rg�`aZAw~X'ZAwK`aZ´µ#`ag'Y[ZAwxX?j VCX#�
bAg'nJg'i�V<`J�'ifg'wJ_Rg�ny_Rdfc'wGY[ZAbAY[dfw¸`zVCififdfw#^ZAw 0�waVCg��x�3_Rg'YJikjM^ZAbz�-VCc=`adfifif_Rc��R� 	����=� ��e+g'dWbA_RY[Y[ZAw[�3_Rc'X



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� $��

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbronorites contenant de l’olivine (11 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbronorites contenant de l’olivine (11 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène         

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbronorites contenant de l’olivine (11 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Orthopyroxène          

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Gabbros contenant de l’orthopyroxène et de l’olivine (63 échantillons)

Gabbronorites contenant de l’olivine (11 échantillons)

�$	���� s#Q �C� ��°xdfw¸`a_R\RYaVCnynyZAwqny_Rc=`aYaVCc=`JifZAwq�*Y#^ZAe+g'ZAc'bAZAw$X'Z8�3_Rg'Y[bAZAc=`zVC\RZ8ZAc��'i�VC\Rdf_#bAi�VCw[ZAw 0/_Rifd �
º#dfc'ZAw 0KbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw�Z�`�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw�X-VCc'w�ifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw:¡V�_RifdSº#dfc'Z�X'_Rc=`�ikj _RY¸`a�'_<�
�=�#Y[_Nµ¶¡ZAc'Z:ZAw¸`�g'c'Z �'�-VCw[Z �'Y#^ZAbA_#bAZ��*ZAc�_RYaVCc'\RZ �´QK��c�\RY[dfw{�W�'dfw¸`a_R\RYaVCnynyZAw8Y[ZA�'Y#^ZAw[ZAc=`zVCc=`!ifZAw
�*Y#^ZAe+g'ZAc'bAZAwoX'Z�bA_Rc'bAZAc=`aYaV<`adf_Rc �3_Rg'YJikj ZAc'w[ZAnJ�'ifZ�X'ZAw$��VCbAdk¡ZAw$X'Z�\=VC�'�'Y[_Rc'_RY[dS`aZ �*\=VC�'�'Y[_Rc'_RY[dS`aZAw 0
\=VC�'�'Y[_Rc'_RY[dS`aZAw!¡V _RifdSº#dfc'Z�0)c'_RY[dS`aZAw¤Y[dfbz�'ZAwyZAc��'_RY[c+�'ifZAc'X'ZAwyZ�`´³<_Rg�ZAc _R�-VCe+g'ZAw 0�\=VC�'�'Y[_Rc'_RY[dS`aZAw
Y[dfbz�'ZAwGZAc��'_RY[c+�'ifZAc'X'ZAwJZ�`´³<_Rg:ZAc�_R�-VCe+g'ZAw �´Q �¨_RdfYqi�V�i�^ZA\RZAc'X'ZoX'Zoi�V��-\Rg'Y[Z�s#Qm»����3_Rg'Yqikj �'dfw¸`a_<�
\RYaVCnynyZIZAcJ�aVCg'c'ZCQ



$ � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Q �=» � ^��bz�-VCc=`adfifif_Rc�X'Z \=VC�'�'Y[_Rc'_<�
Y[dS`aZ ¡V `aZ´µ#`ag'Y[Z X?j VCX'bAg'nJg'i�V<`(0 ifZAw�_RY¸`a�'_<�
�=�#Y[_Nµ¶¡ZAc'ZAw�VC�'�-VCYaVCdfw[w[ZAc=` w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw
�*noVCw[w[dS�X?j ½¾�'YaV 0 ^ZAbz�-VCc=`adfifif_Rc ��� ��� ���´Q
}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#Q ����� ^��bz�-VCc=`adfifif_Rc{X'Z¤\=VC�'�'Y[_Rc'_RY[dS`aZ�¡V
`aZ´µ#`ag'Y[Z X'Z�n�^ZAw[_#bAg'nJg'i�V<`{ny_Rc=`aYaVCc=` ifZ�bNV5�
YaVCb�`N¡ZAY[Z¤dfc=`aZAY[w¸`adS`adfZAi�X'ZAw]�'i�VC\Rdf_#bAi�VCw[ZAw �*noVCw[w[dS�
X'Z �:g'e+�-VC�0?^ZAbz�-VCc=`adfifif_Rc �=r � � s��´Q�}/g'nydk¡ZAY[Z
�3_Ri�VCY[dfw#^ZAZ]VNºRZAbqc'dfbA_RifwWbAY[_Rdfw#^ZAwAQ

¡V�g'c'Z{dfny�'Y#^ZA\Rc-V<`adf_Rc X'Z{�=�#Y[_Nµ¶¡ZAc'ZAw�Z�`�X'Z{�'i�VC\Rdf_#bAi�VCw[ZAwyX-VCc'w�i�V:�-VCY[±A�'g'Y[\RdS`aZ{Z�`�e+g'd]V�g'c'Z
`aZ´µ#`ag'Y[Z�X'Z�n�^ZAw[_#bAg'nJg'i�V<` �¥�-\Rg'Y[ZAw8s#Q �=� Z�`�s#Q �=s��´Q�²�VCc'wybAZ�bNVCwy�'Y#^ZAbAdfw 0¨ifZAw¤�'i�VC\Rdf_#bAi�VCw[ZAw 0�ifZAw
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwvZ�`xifZAwx_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw�VC�'�-VCY[YaVCdfw[w[ZAc=`xZAc��'i�VC\RZAw~�  ]bAdfifdS`adfe+g'ZAw~VCg�`a_Rg'Y~X'ZqbAY[dfwM�
`zVCg#µow[g'�#�MVCg�`a_Rny_RY[�'�'ZAwhX?j _RifdSº#dfc'ZCQ+��c8��VCdS`(0=�-VCYhwaV]`aZ´µ#`ag'Y[ZIZ�`Ww[_Rc�ny_#X'ZxX?j V<¬yZAg'Y[ZAnyZAc=`(0�bAZ�`[`aZ
Y[_#bz�'ZxwAj VC�'�-VCY[ZAc=`aZIVCg#µ$��VCbAdk¡ZAw¨X?j dfny�'Y#^ZA\Rc-V<`adf_Rc$Xh^ZAbAY[dS`awhVCgyXh^ZA�'g�`hX'ZxbAZ~bz�-VC�'dS`aY[ZCQ#}"V]X'dS¿x^ZAY[ZAc'bAZ
�*_Rc'X-VCnyZAc=`zVCifZJe+g?j ZAififZ¤�'Y#^ZAw[ZAc=`aZoVNºRZAbybAZAwqX'ZAY[c'dfZAY[w �*Z�`]i�V�YaVCdfw[_Rc{�3_Rg'Y]i�VCe+g'ZAififZ~�[Z$ikj VCd�bAi�VCw[w#^ZAZ
�-VCY[nydhifZAwJ\=VC�'�'Y[_Rc'_RY[dS`aZAwJZ�`$c'_Rc��-VCY[nyd�ifZAwJ��VCbAdk¡ZAwG`aY[_#b�`a_RifdS`adfe+g'ZAwGVCg�w[ZAc'w¤i�VCY[\RZ �]ZAw¸`yikj �-VC�'d �
`ag'w~X'Z�w[ZAw~_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ¶}/ZAwK��VCbAdk¡ZAwWX?j dfny�'Y#^ZA\Rc-V<`adf_Rc8X-VCc'w~i�VJ�-VCY[±A�'g'Y[\RdS`aZIbA_Rc=`adfZAc'c'ZAc=`xX'ZAw
_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwow[g'�#�MVCg�`a_Rny_RY[�'�'ZAw¤bAi�VCdfY[ZAnyZAc=`yVCw[w[_#bAd�^ZAw!¡V ikj _RifdSº#dfc'Z
��dfbAd 0�ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�w[Z
`aY[_Rg�ºRZxZAcy�'i�VC\RZAw��  ]bAdfifdS`adfe+g'ZAw�Z�`¨ZAw¸`hbAi�VCdfY[ZAnyZAc=`��3_Rw¸`�^ZAY[dfZAg'Yv¡V]ikj _RifdSº#dfc'Z�0<�'�-VCw[Z~bA_Rc=`aZAny�3_RYaVCdfc'Z
X'ZAw��'i�VC\Rdf_#bAi�VCw[ZAw�Z�`¨X'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ#ThZAbAd'�3ZAY[nyZ�`�X'ZKw[g'�'�3_Rw[ZAY¨e+g'ZKifZhifdfe+g'dfX'Zhe+g'd-VIbAdfY[bAg'i�^Z
X-VCc'wKbAZ�`[`aZ��h^ZAY[dfX'_C`adS`aZvX'g�noVCw[w[dS�"X'Z +)df±A� ^Z�`zVCdS`WX'Z�c-V<`ag'Y[Z�X'dS¿x^ZAY[ZAc=`aZ�X'Z�bAZAififZvX'ZAwKifdfe+g'dfX'ZAwWe+g'd
_Rc=`hbAdfY[bAg'i�^Z~X-VCc'w�ifZAwhVCg�`aY[ZAw�noVCw[w[dS�*w¨_/¡gyikj _Rc$`aY[_Rg�ºRZvX'Zxi�V]�h^ZAY[dfX'_C`adS`aZKdfny�'Y#^ZA\Rch^ZAZ~�'g'dfw[e+g?j dfi3V]�'g
bAY[dfw¸`zVCififdfw[ZAYxX'Z$ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z¤VCif_RY[wve+g'Z¤bAZJnydfch^ZAYaVCi�c?j VC�'�-VCYaVCdfw[waVCdS`I�-VCw�ZAc{`zVCc=`�e+g'Z¤�'�-VCw[Z
dfny�'Y#^ZA\Rc-VCc=`aZ]X-VCc'w~ifZAwxVCg�`aY[ZAwx�-VCY[±A�'g'Y[\RdS`aZAwxdfny�'Y#^ZA\Rch^ZAZAwAQ �#d/�3_Rg'Y~bAZ�`�^ZAbz�-VCc=`adfifif_Rc�i�V$e+g'ZAw¸`adf_Rc
X?j g'c'Z�_RY[df\Rdfc'Z�Y#^ZAw[dfX'g'ZAififZ�_Rg�bAg'nJg'i�V<`adSºRZ�c'Z�w[Z��3_Rw[Z��-VCwy�3_Rg'Y¤ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0�ZAififZ�Z´µ�dfw¸`aZ
`a_Rg5�[_Rg'Y[w��3_Rg'Y�ikj _RifdSº#dfc'ZCQ3��`(0?bA_RnynyZJ�3_Rg'Y�ifZAw�VCg�`aY[ZAw{^ZAbz�-VCc=`adfifif_Rc'wIX'Z$�h^ZAY[dfX'_C`adS`aZJdfny�'Y#^ZA\Rch^ZAZ�0
ikj _R�'w[ZAY¸ºCV<`adf_Rc�X'Z]ikjM^ZAbz�-VCc=`adfifif_Rc8w[g'Yxikj V<¬yZAg'Y[ZAnyZAc=`xZ�`xZAc�i�VCnyZInydfc'bAZ�c'Z]w[g �¤`v�-VCwJ¡VyVC�'�3_RY¸`aZAY
g'c'Z]Y#^ZA�3_Rc'w[ZCQ
}�jM^ZAbz�-VCc=`adfifif_Rc �R� 	���=� ��nydfw�¡V �-VCY¸`(0�bAZAw ^ZAbz�-VCc=`adfifif_Rc'w¤X'Z�\=VC�'�'Y[_Rc'_RY[dS`aZAw!¡V _RifdSº#dfc'Z�c'Z

w[_Rc=`h�-VCw¨`aYA¡ZAwhX'dS¿x^ZAY[ZAc=`aw�X'ZxbAZAg#µoX'Zvn 9ZAnyZKc-V<`ag'Y[Zv�'Y#^ZAb3^ZAX'ZAnynyZAc=`hXh^ZAbAY[dS`aw 0+dfifw¨w[_Rc=`hbAZA�3ZAc'X-VCc=`
bNVCYaVCb�`�^ZAY[dfw#^ZAw��-VCY�ifZG��VCdS`Ie+g'Z$ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZyVC�'�-VCYaV-9<S`IZAc \RYaVCdfc'wIw[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�w[_Rg�ºRZAc=`
ZAc�dfc'bAifg'w[df_Rc8X-VCc'w~ifZAwKVCg�`aY[ZAwK�'�-VCw[ZAw~nydfch^ZAYaVCifZAwWny_Rc=`aYaVCc=`K�-VCYM�¾iM¡VGw[_Rc�bNVCYaVCb�`N¡ZAY[Z��'Y#^ZAbA_#bAZ]X-VCc'w
i�V8w#^ZAe+g'ZAc'bAZoX'Z$bAY[dfw¸`zVCififdfwaV<`adf_Rc �¥�-\Rg'Y[ZAwGs#Q �R�8Z�`Gs#Q �����´Q?½¾ifw�w[_Rc=`]w[_Rg�ºRZAc=`�¡V�\RYaVCdfc'wv�-c'w �*ny_Rdfc'w
X'Zo»8nyn� 0¶noVCdfwv`aY[_Rdfw�^ZAbz�-VCc=`adfifif_Rc'wI_Rc=`qX'Z¤\RY[_Rw�\RYaVCdfc'wIZ�`qg'c{ºCVG�[g'w[e+g?j¥¡V�i�V8�3ZA\RnoV<`adS`aZCQ?}/ZAw



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� $§ª

�$	���� s#Q �=r � ^��bz�-VCc=`adfifif_Rc�X'Z \=VC�'�'Y[_Rc'_<�
Y[dS`aZy�-VCY¸`adfZAififZAnyZAc=`qY[ZAbAY[dfw¸`zVCififdfw#^Z¤X-VCc'wJifZo�'i�V5�
\Rdf_#bAi�VCw[Z�0�bAZ�` ^ZAbz�-VCc=`adfifif_Rc�ZAw¸`�waVCc'w X'_Rg�`aZ
g'c'Z VCc'bAdfZAc'c'ZU�3ZA\RnoV<`adS`aZ�e+g'd V¼w[g'�'d
g'c'Z Xh^Z��*_RY[noV<`adf_Rc VCw[w[ZA± �3_Rg'w[w#^ZAZ ¡V�g'c'Z
`aZAny�h^ZAYaV<`ag'Y[Z�w[g �yw[ZAnyZAc=` ^ZAifZ�º¨^ZAZ��3_Rg'Y��3ZAYM�
nyZ�`[`aY[Z�i�V Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc �*noVCw[w[dS�oX'Z �#g#�
noV�j dfi 0�^ZAbz�-VCc�`adfifif_Rc �R� �	� P���P�� �´QI}/g'nydk¡ZAY[Z
�3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#Q �R| � ^��bz�-VCc=`adfifif_Rc¤X'Zv\=VC�'�'Y[_Rc'_RY[dS`aZ~ZAc
bA_Rg'Y[wxX'ZqnG�#if_Rc'dS`adfwaV<`adf_Rc0+i�V$Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc
w[ZyifdfnydS`aZJVCg#µo�[_Rdfc=`aw�X'Z¤\RYaVCdfc'w]Z�`qifZAw�\RYaVCdfc'w
ifZAw¨�'ifg'w��-c'w�w[ZK`aY[_Rg�ºRZAc=`q¡V�i�V�ifdfnydS`aZhZAc=`aY[ZxifZAw
_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw�Z�`8ifZAwo�'i�VC\Rdf_#bAi�VCw[ZAw �*noVCw[w[dS�
X'Z +)df±A�0I^ZAbz�-VCc=`adfifif_Rc��R��	��À�R� ���´Q"}/g'nydk¡ZAY[Z
�3_Ri�VCY[dfw#^ZAZ]VNºRZAbqc'dfbA_RifwWbAY[_Rdfw#^ZAwAQ

,u��8G±D�#�"��% ºv'��$��% ��)LíG���/�)&�����"% � � !#���#�+Ä��Ç�# ,-$8�´A�����"!#��!#�"% �"�zÀ�z��*+��)�% $!#� ��'��ä*I�#�"��% º.'��

:% � �"%JíG���/�)&�����"% � � !#��½#½ 	���êV¼

�$	���� s#Q ��� ���)µ�ZAny�'ifZAwxX?jM^ZAbz�-VCc=`adfifif_Rc'w~X'Zq\=VC�'�'Y[_Rc'_RY[dS`aZAw~nG�#if_Rc'dS`adfw#^ZAwAQ-}/g'nydk¡ZAY[Z]�3_Ri�VCY[dfw#^ZAZ�0-c'd �
bA_RifwKbAY[_Rdfw#^ZAwAQ



� � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QmrC����²IZAg#µ�i�VCnyZAwGnydfc'bAZAwJX?j g'c�n 9ZAnyZ�^ZAbz�-VCc=`adfifif_Rc:X'Z�\=VC�'�'Y[_Rc'_RY[dS`aZ{¡V{VCny�'�'df�3_RifZ{¡V
`aZ´µ#`ag'Y[ZoX'Zyn�^ZAw[_#bAg'nJg'i�V<`(0/ifZ¤�'i�VC\Rdf_#bAi�VCw[Z¤VC�'�-VCYaV-9<S`]ZAc��'i�VC\RZ¤�  ]bAdfifdS`adfe+g'Z$VCg�`a_Rg'YqX?j _RY¸`a�'_R�=�=�
Y[_Nµ¶¡ZAc'ZAw�Z�`�X'Z~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw¨w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw���^ZAbz�-VCc=`adfifif_Rc¤�R�  ��»C���´Q=}/g'nydk¡ZAY[ZK�3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�'Y[_R�3_RY¸`adf_Rc'wKnydfch^ZAYaVCif_R\Rdfe+g'ZAwWw[_Rc=`~ºCVCY[d�VC�'ifZAw 0'X'ZAwx_R�-VCe+g'ZAwxw[_Rc=`v�'Y#^ZAw[ZAc=`awvX-VCc'w~i�V$�'ifg'�-VCY¸`~X'ZAw
i�VCnyZAw 0"¡VJX'ZAw~�'Y[_R�3_RY¸`adf_Rc'whdfc���^ZAY[dfZAg'Y[ZAwG¡V$� 
�0'bAZ�w[_Rc=`xX'ZAwKw[g'iS�*g'Y[ZAwKX'Z�	���Z�` ���Z´µ�bAZA��`�^ZqX-VCc'w
X'ZAg#µ$bNVCwK�Rg'c�^ZAbz�-VCc=`adfifif_RcGX'g¤w[g'X¤X'g¤noVCw[w[dS�§X'Z,�#g'noV�j dfi#Z�`�ikj dfny�'Y#^ZA\Rc-V<`adf_RcqX'g¤noVCw[w[dS�§X'Z�+)df±A�0
_/¡gGbAZWw[_Rc=`�X'ZAw�w[�'dfc'ZAififZAw)bz�'Y[_RnydS�M¡ZAY[ZAw��¥ºR_RdfY�`zVC�'ifZNVCg$s#QSP��´QC}�j _RifdSº#dfc'Z�X'Z�º#dfZAc=`�g'c'ZW�'�-VCw[ZWnydfc'ZAg'Y[Z
VNºRZAb]X'ZAw~bA_Rc'bAZAc=`aYaV<`adf_Rc'wKe+g'd/Xh^ZA�-VCw[w[ZAc=`vYaVCY[ZAnyZAc=`~ifZAwIP5» 
 �¥ºR_RdfYh�-\Rg'Y[ZAwxs#Qm»<�¤Z�`vs#Q �C� ��Z�`~e+g'd
w[_Rc=`xifZ]�'ifg'wKbA_Rg'YaVCnynyZAc=`xbA_Rny�'Y[dfw[ZAwKZAc=`aY[ZyP�� 
�Z�`IsC� 
�0-w[ZAg'i"ikjM^ZAbz�-VCc=`adfifif_Rc��R�
	�� �=� �]��VCdS`
Z´µ�bAZA��`adf_Rc:VNºRZAb¤�=� 
�X?j _RifdSº#dfc'ZCQ?}/ZAw]�'Y[_R�3_RY¸`adf_Rc'wIX'Z¤bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z$ºR_Rc=`qX'Zy» 
 ¡V��=� 
�Z�`
w[_Rc=`~�*Y#^ZAe+g'ZAnynyZAc=`vZAc=`aY[ZG�R� 
�Z�`x�=� 
 �-bAZAififZAw~X'Z]�'i�VC\Rdf_#bAi�VCw[ZxºR_Rc=`vX'Z¤P�� 
 ¡V$�+» 
�Z�`xw[_Rc=`
�*Y#^ZAe+g'ZAnynyZAc=`xZAc=`aY[Zq�R� 
ÀZ�`~�=� 
 �-Z�`~ZAc��-c0§bAZAififZAwKX?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z]ºR_Rc=`xX'ZG» 
�¡V$�=� 
ÀZ�`
w[_Rc=`xifZ��'ifg'w~w[_Rg�ºRZAc=`vZAc=`aY[ZJsC� 
�Z�`x�R� 
8Q
}/ZAwvY[ZAi�V<`adf_Rc'wK`aZ´µ#`ag'YaVCifZAwvZAc=`aY[ZGnydfch^ZAYaVCg#µ�w[_Rc=`v�'ifg'wv_R�'w[bAg'Y[ZAwve+g'ZJ�3_Rg'YxifZAwvVCg�`aY[ZAwx��VCbAdk¡ZAw 0

ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�w[ZAnJ�'ifZ 9Z�`aY[Z8w¸�#w¸`�^ZAnoV<`adfe+g'ZAnyZAc=`$i�V��'Y[ZAnydk¡ZAY[Zo�'�-VCw[Z�¡V�bAY[dfw¸`zVCififdfw[ZAY]noVCdfwqX'ZAw
bAY[dfw¸`zVCg#µ:X'ZybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z8_Rg:X?j _RifdSº#dfc'Z¤ZAc:dfc'bAifg'w[df_Rc�X-VCc'wGifZAwG_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwJZ´µ�dfw¸`aZAc=`$dfc#�
X'dfe+g-VCc=`qe+g'Z¤i�V8bAY[dfw¸`zVCififdfwaV<`adf_Rc�X'ZAw]�'�-VCw[ZAwGV�X 9g 9Z�`aY[Z$�'ifg'w]_Rg ny_Rdfc'wIbA_Rc=`aZAny�3_RYaVCdfc'Z$_Rg e+g'Z
i�V�w#^ZAe+g'ZAc'bAZ�X'Z!bAY[dS`zVCififdfwaV<`adf_Rc��3ZAg�`8ºCVCY[dfZAYoX?j g'c¹^ZAbz�-VCc=`adfifif_Rc ¡V:ikj VCg�`aY[ZCQh}�j _RifdSº#dfc'Z�w[Z!`aY[_Rg�ºRZ
w[_Rg�ºRZAc=`JZAc��3Z�`adS`aw�\RYaVCdfc'w�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw]noVCdfw�ZAififZJ�3ZAg�`GVCg'w[w[d¨�'dfZAc�9Z�`aY[Z¤dfc=`aZAY[w¸`adS`adfZAififZ�03ifZ
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZIw[ZAnJ�'ifZ=9Z�`aY[ZIw[_Rg�ºRZAc=`~i�Vq�'�-VCw[ZIbAY[dfw¸`zVCififdfwaVCc=`I¡VGi�Vqw[g'dS`aZvX'ZIikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZCQ'�)VCY
bA_Rc=`aY[Z�0�ifZ8�'i�VC\Rdf_#bAi�VCw[ZyVC�'�-VCYaV-9<S`Ji�V��'ifg'�-VCY¸`JX'g�`aZAny�'wJX-VCc'w$ifZAwJdfc=`aZAY[w¸`adfbAZAw$ZAc=`aY[Z�ifZAw$VCg�`aY[ZAw
nydfch^ZAYaVCg#µ¶Q§lIc��3ZAg�`~X'_Rc'b]�'Y[_R�3_Rw[ZAY~ikj _RY[X'Y[Z�X'Z]bAY[dfw¸`zVCififdfwaV<`adf_Rcow[g'dSºCVCc=`q�
© �¶. � E=�¶.�� © �¶. � E=�¶. � ©y( � © �¶. � E=�¶. � ©y( � � (

�¨�#� ��%'&�&�45B3>"B§4<�¥���#�¤>"�{;RB3>3���#>"%->3� ��%-�y ¨L�©y(��¥6"��>"�
lIc ZAc Xh^ZAc'_RnJ�'Y[Z�ZAc=º#dfY[_Rc sC�R� ^ZAbz�-VCc=`adfifif_Rc'w¤�'Y#^ZAifZ�º¨^ZAw8w[g'Yog'c'Z�i�VCY[\RZ�w[g'Y¸��VCbAZ!X'Z�i�V w[ZAb´�

`adf_Rc{noVCc=`aZAifi�VCdfY[ZGX'Z¤ikj _R�'�'df_RifdS`aZ�0§bCj ZAw¸`GX'_Rc'b$g'c ��VCbAdk¡ZAw�Z´µ#`aY 9ZAnyZAnyZAc=`qbA_RnynJg'c ZAc�lInoVCc?Q"ThZ
w[_Rc=`J`aYA¡ZAwJw[_Rg�ºRZAc=`¤X'ZAwJ�3ZA\RnoV<`adS`aZAwGVNºRZAb�X'ZAwG`zVCdfififZAw]X'Z8\RYaVCdfc'wq�3_Rg�ºCVCc=`$Xh^ZA�-VCw[w[ZAY$e+g-V<`aY[Z8_Rg



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� � D

�$	���� s#Qmr#P � ^��bz�-VCc=`adfifif_Rc�X'Z \=VC�'�'Y[_Rc'_<�
Y[dS`aZ�¡VoVCny�'�'df�3_RifZ�0'ikj �'_RY[c+�'ifZAc'X'ZJVC�'�-VCYaV-9<S`xZAc
�'i�VC\RZAw)�  ]bAdfifdS`adfe+g'ZAw ��^ZAbz�-VCc=`adfifif_RcJ�R�  ��»C���´Q
}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#QmrRs ��}"VCnyZ¨X?j g'c�^ZAbz�-VCc�`adfifif_Rc�X'Z¨c'_RY[dS`aZ
ny_Rc=`aYaVCc=`�ifZWbNVCYaVCb�`N¡ZAY[ZK�'Y#^ZAbA_#bAZKX'ZKikj _RY¸`a�'_R�=�=�
Y[_Nµ¶¡ZAc'Z���^ZAbz�-VCc�`adfifif_Rc �=r ����P-� ���´QK}/g'nydk¡ZAY[Z
�3_Ri�VCY[dfw#^ZAZ�0'c'dfbA_RifwWbAY[_Rdfw#^ZAwAQ

bAdfc'e�bAZAc=`adfn�¡Z�`aY[ZAw 0�bAZA�3ZAc'X-VCc=`oifZAw$ºCVCY[d�V<`adf_Rc'wGX-VCc'wyi�V�`zVCdfififZoX'ZAwy\RYaVCdfc'w¤VCg�w[ZAdfc X?j g'c n 9ZAnyZ
^ZAbz�-VCc=`adfifif_Rc:w[_Rc=`$Z´µ#`aY 9ZAnyZAnyZAc=`J�*_RY¸`aZAw8��bAZAbAdWZAw¸`$�-VCY¸�*_RdfwGX 9g�¡V�X'ZAw$bAY[_Rdfw[waVCc'bAZAwJ�-VCY[Y[dfw[dS`adfe+g'ZAw
X'ZAwxbAY[dfw¸`zVCg#µ�VCg#µ�^ZA�3_Rc=`aZAw �¥�-\Rg'Y[ZJs#Q ��P��hnoVCdfwKifZ]bNVCw~ifZ]�'ifg'w~bA_Rg'YaVCc=`vbA_Rc'w[dfw¸`aZ]w[dfny�'ifZAnyZAc=`~ZAc
g'c'ZyVCiS`aZAY[c-VCc'bAZ$X'Z$±A_Rc'ZAw�¡V8\RYaVCdfc'wI�-c'w]VNºRZAbyX'ZAw]±A_Rc'ZAw]�3ZA\RnoV<`adS`adfe+g'ZAw 0¶\)^ZAch^ZAYaVCifZAnyZAc=`8¡V�g'c'Z
^ZAbz�'ZAififZI�'ifg'wh\RYaVCc'X'ZIe+g'Z�bAZAififZvX'ZIi�VGi�VCnyZxnydfc'bAZ �¥�-\Rg'Y[ZAwxs#Qm»C�GZ�`xs#Q �R���´Q7�vg�`zVCc=`Ke+g'Z��3_Rw[w[df�'ifZ�0
c'_Rg'w]VNºR_Rc'w]bz�'_Rdfw[d�X?jM^ZAbz�-VCc=`adfifif_Rc'c'ZAYIifZAwI±A_Rc'ZAw8¡V8\RYaVCdfc'wv�-c'w 0/ifZAwIi�VCnyZAwIbA_Rny�3_Rw#^ZAZAw�X?j g'c w[ZAg'i
nydfch^ZAYaVCi��*X'Z¤bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z¤_Rg X'Z¤�'i�VC\Rdf_#bAi�VCw[Z �~c'Z$�'Y#^ZAw[ZAc=`zVCc=`Je+g?j g'c�dfc=`�^ZAY 9Z�`qVCw[w[ZA±yifdfnydS`�^ZqZ�`
ifZAwW±A_Rc'ZAwq¡VJ\RY[_Rwh\RYaVCdfc'wo^Z�`zVCc=`Ww[_Rg�ºRZAc=`x�'ifg'wKVCiS`�^ZAY#^ZAZAwWe+g'ZIifZAwW±A_Rc'ZAwG¡VG\RYaVCdfc'w��-c'wAQ �xc8�'d�VCdfwhZAw¸`
VCdfc'w[d'dfc'X'g'dS`�X-VCc'w�ikjM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZI�Re+g-VCw[dfnyZAc=`¨i�VIny_RdS`ad�^ZhX'ZAw¨i�VCnyZAw��'Y#^ZAw[ZAc=`aZAc=`WX'ZAw�`aZ´µ#`ag'Y[ZAw
¡Vy\RYaVCdfc'wK�-c'wxnoVCdfw~i�V¤noV��[_RY[dS`�^Z�X?j ZAc=`aY[ZGZAififZAw~_Rc=`�^Z�`�^Z]��VCdS`aZAw~X-VCc'wvifZAwx�-VCw[w#^ZAZAwy¡V¤\RYaVCdfc'wK�-c'wvX'Z
�3ZA\RnoV<`adS`aZAwAQ/lIc��3ZAg�`qch^ZNVCc'ny_Rdfc'wIY[ZAnoVCY[e+g'ZAY]e+g'Z¤ifZAw{^ZAbz�-VCc=`adfifif_Rc'wIY[dfbz�'ZAw]ZAc�_R�-VCe+g'ZAw]Z�`´³<_Rg
ZAc{VCny�'�'df�3_RifZAw~_Rc=`v\)^ZAch^ZAYaVCifZAnyZAc=`IX'ZAwv\RYaVCdfc'wx�'ifg'wv\RY[_Rwxe+g'ZJbAZAg#µ!e+g'd�c?j ZAc!bA_Rc=`adfZAc'c'ZAc=`��-VCwAQ
lIc�`aY[_Rg�ºRZJX'ZAw�^ZAbz�-VCc=`adfifif_Rc'wxX'ZG\=VC�'�'Y[_Rc'_RY[dS`aZqc'_Rc!Xh^Z��*_RY[n�^ZAwvX-VCc'wvbAZAY¸`zVCdfc'ZAwI±A_Rc'ZAw 0¶noVCdfw~ZAc#�
º#dfY[_Rc i�Vony_RdS`ad�^ZGX'ZAw{^ZAbz�-VCc=`adfifif_Rc'wI�'Y#^ZAw[ZAc=`aZAc=`JX'ZAw{^Z�º#dfX'ZAc'bAZAwqX'Z$Xh^Z��*_RY[noV<`adf_Rc{�3_Rw¸`¸�¾bAg'nJg'ifg'wJ�
�3_Rg'YIifZAw!^ZAbz�-VCc=`adfifif_Rc'wv��VCdf�'ifZAnyZAc=`IXh^Z��*_RY[n�^ZAw 0¶bAZ¤w[_Rc=`]X'ZAw]Z´µ#`adfc'b�`adf_Rc'wIY[_Rg'i�VCc=`aZAw�X-VCc'w�ifZAwIbAifd �
c'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0)VC�'�-VCY[dS`adf_Rc!X'Z¤noVCbAifZAwIn�^ZAbNVCc'dfe+g'ZAw]X-VCc'w]ifZAw��'i�VC\Rdf_#bAi�VCw[ZAwvZ�`q�'Y#^ZAw[ZAc'bAZyX'Z¤w[_Rg'w
�[_Rdfc=`awvX'Z$Xh^Z��*_RY[noV<`adf_Rc�X-VCc'wIifZAwI_RifdSº#dfc'ZAw 03ifZAw�^ZAbz�-VCc=`adfifif_Rc'wxifZAwI�'ifg'wv�*_RY¸`aZAnyZAc=`�Xh^Z��*_RY[n�^ZAwIw[_Rc=`
nG�#if_Rc'dS`adfw#^ZAw �¥�-\Rg'Y[ZAwvs#Q �R� 03s#Q � � 0§s#Qm»��JZ�`Is#Q �����´Q
¯�_Rg'woifZAw¤bNVCYaVCb�`N¡ZAY[ZAwo�h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAwyX'Z�bAZAw ^ZAbz�-VCc=`adfifif_Rc'w$w[_Rc=`oºCVCY[d�VC�'ifZAw��¨i�V!`zVCdfififZ8X'g

\RYaVCdfc�noVCdfw$VCg'w[w[d~ifZAw¤�'Y[_R�3_RY¸`adf_Rc'w$nydfch^ZAYaVCif_R\Rdfe+g'ZAwJZ�`yifZAw$`aZ´µ#`ag'Y[ZAw �¥ºR_RdfY$�-\Rg'Y[ZAw8s#Qm»R»70¨s#Qmr<� 0
s#QmrR»��´Q?��c=º#dfY[_Rc ifZAwv`aY[_RdfwIe+g-VCY¸`aw�X'ZAw{^ZAbz�-VCc=`adfifif_Rc'wv�'Y#^ZAw[ZAc=`aZAc=`Gg'c'ZJ`aZ´µ#`ag'Y[Z¤X?j VCX'bAg'nJg'i�V<`��'ifg'w
_Rg�ny_Rdfc'wKY[ZAbAY[dfw¸`zVCififdfw#^Z�Z�`xXh^Z��*_RY[n�^Z �¥�-\Rg'Y[ZAw�s#Q �=»JZ�`�s#QmrC��� 0-g'c'Zqe+g-VCYaVCc=`zVCdfc'Z]w[_Rc=`vX?j VCc'bAdfZAc'c'ZAw
�3ZA\RnoV<`adS`aZAw�nG�#if_Rc'dS`adfw#^ZAZAw�¡VGX'dSºRZAY[wWX'ZA\RY#^ZAw �¥ºR_RdfY��-\Rg'Y[ZAw~s#Q �=r70's#Q �R|qZ�`~s#Q ����� 0#X'ZAg#µ ^ZAbz�-VCc=`adfifif_Rc'w
w[ZAg'ifZAnyZAc=`K�'Y#^ZAw[ZAc=`aZAc=`xX'ZAwh`aZ´µ#`ag'Y[ZAw~X'_Ri�^ZAY[dS`adfe+g'ZAw 0+Z�`KZAc��-c0�g'c'ZIº#dfc'\C`zVCdfc'ZxX?jM^ZAbz�-VCc=`adfifif_Rc'whw[_Rc=`
¡V$`aZ´µ#`ag'Y[ZGX'Z]n�^ZAw[_#bAg'nJg'i�V<`~noVCdfwKbAZAwvX'ZAY[c'dfZAY[wxw[_Rc=`vZAc�\)^ZAch^ZAYaVCi"X'ZAwv\=VC�'�'Y[_Rc'_RY[dS`aZAwKbA_Rc=`aZAc-VCc=`
�'ifg'w�X'Z�P��1
 X?j VCny�'�'df�3_RifZ�0�i�VCe+g'ZAififZ�ZAw¸`�g'c'Z �'�-VCw[Z dfc=`aZAY[w¸`adS`adfZAififZ�w[Z Xh^Z�ºRZAif_R�'�-VCc=`�VCg�`a_Rg'Y



�-¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8^µ:%?/0!#�?�7�&������� �JÀ��� ��� ,-$8Gµ:%?/0!#�?�7/0�"!#%?������

�$	���� s#QmrC� � �)µ�ZAny�'ifZ X?j g'c ^ZAbz�-VCc=`adfifif_Rc�X'Z \=VC�'�'Y[_Rc'_RY[dS`aZ�Y[dfbz�'Z ZAcÀ_Nµ#�#X'ZAw���^ZAbz�-VCc=`adfifif_Rc
�R�  � »#P 
-0hnoVCw[w[dS��X'Z �vV &+�'i �$º#g ZAc ifg'nydk¡ZAY[Z�`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�VNºRZAb!c'dfbA_Rifwy�-VCYaVCifik¡ZAifZAw
Z�`xbAY[_Rdfw#^ZAwAQ

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Cpx Opx

Pl 

Gabbronorites 

�$	���� s#Qmr<� ��²Id�VC\RYaVCnynyZ:Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw¸`adf_Rc'w�ny_#X-VCifZAw�X'ZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw
X'_Rc=`¨ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z~ZAw¸`¨g'c'Z~�'�-VCw[ZK�'Y#^ZAbA_#bAZ
X-VCc'w ifZ�w¸�+`N¡ZAnyZ�`aZAY[c-VCdfY[Z��'i�VC\Rdf_#bAi�VCw[Z ����i �
� bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �kTh�Rµ � � _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z
�klI�Rµ �´Q

9010

90

0.1

8020

80

0.2

7030

70

0.3

6040

60

0.4

5050

50

0.5

4060

40

0.6

3070

30

0.7

2080

20

0.8

1090

10

0.9

Cpx Opx + Am

Pl 

Opx Am

Gabbronorites à Amphibole
Gabbronorites riches en Opaques

�$	���� s#QmrR» � ²Id�VC\RYaVCnynyZ�Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw¸`adf_Rc'wyny_#X-VCifZAwyX'ZAw8\=VC�'�'Y[_Rc'_RY[dS`aZAw ¡V
�'_RY[c+�'ifZAc'X'Z Z�`´³<_Rg ¡V�_Nµ#�#X'Z�X'_Rc=`�ikj _RY¸`a�'_<�
�=�#Y[_Nµ¶¡ZAc'Z�ZAw¸`�g'c'Z��'�-VCw[Z��'Y#^ZAbA_#bAZ�X-VCc'w�ifZ
w¸�#w¸`N¡ZAnyZ��'i�VC\Rdf_#bAi�VCw[Z�����i � ��bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�kTh�Rµ � ��_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z ��VCny�'�'df�3_RifZ �klI�Rµ
��°x� �´Q



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� � �

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Gabbronorites  (111 échantillons)

Gabbronorites à Amphibole (16 échantillons)

Gabbronorites riches en Oxydes (8 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène         

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Gabbronorites  (111 échantillons)

Gabbronorites à Amphibole (16 échantillons)

Gabbronorites riches en Oxydes (8 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Orthopyroxène          

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Gabbronorites  (111 échantillons)

Gabbronorites à Amphibole (16 échantillons)

Gabbronorites riches en Oxydes (8 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Amphibole              

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Gabbronorites  (111 échantillons)

Gabbronorites à Amphibole (16 échantillons)

Gabbronorites riches en Oxydes (8 échantillons)

�$	���� s#Qmr�����°xdfw¸`a_R\RYaVCnynyZAwqny_Rc=`aYaVCc=`JifZAwG�*Y#^ZAe+g'ZAc'bAZAw¤X'Z8�3_Rg'Y[bAZAc=`zVC\RZ�ZAc��'i�VC\Rdf_#bAi�VCw[ZAw 0/bAifd �
c'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw¤Z�`$VCny�'�'df�3_RifZAwqX-VCc'wJifZAwG\=VC�'�'Y[_Rc'_RY[dS`aZAw �*ZAc�_RYaVCc'\RZ �´Q �¨_RdfYqi�V
i�^ZA\RZAc'X'Z]X'Z]i�VG�-\Rg'Y[ZGs#Q �C�¤�3_Rg'Y~ifZAwK�'dfw¸`a_R\RYaVCnynyZAwWZAc�\RY[dfwAQ



� 2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Norites  (17 échantillons)

Norites riches en Amphiboles (7 échantillons)

Norites riches en Amphiboles et en Oxydes (4 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Orthopyroxène          

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Norites  (17 échantillons)

Norites riches en Amphiboles (7 échantillons)

Norites riches en Amphiboles et en Oxydes (4 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Amphibole              

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Norites  (17 échantillons)

Norites riches en Amphiboles (7 échantillons)

Norites riches en Amphiboles et en Oxydes (4 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Opaque                 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Famille des gabbronorites (174 échantillons)

Norites  (17 échantillons)

Norites riches en Amphiboles (7 échantillons)

Norites riches en Amphiboles et en Oxydes (4 échantillons)

�$	���� s#QmrRr��¤°xdfw¸`a_R\RYaVCnynyZAw¨ny_Rc=`aYaVCc=`�ifZAw¨�*Y#^ZAe+g'ZAc'bAZAwWX'Zx�3_Rg'Y[bAZAc=`zVC\RZvZAc8�'i�VC\Rdf_#bAi�VCw[ZAw 0C_RY¸`a�'_<�
�=�#Y[_Nµ¶¡ZAc'ZAw 0�VCny�'�'df�3_RifZAw)Z�`¨_R�-VCe+g'ZAw�X-VCc'w�ifZAw�c'_RY[dS`aZAw �*ZAcy_RYaVCc'\RZ �´Q �¨_RdfY)i�VIi�^ZA\RZAc'X'Z~X'ZKi�Vv�-\Rg'Y[Z
s#Q �C�¤�3_Rg'YKifZAw~�'dfw¸`a_R\RYaVCnynyZAwWZAc�\RY[dfwAQ



¢ "fO:�¨�#� ��%'&�&�45B3>"B§4<�¥���#� � O

�$	���� s#QmrC|��!���#Y[_Nµ�^ZAc'dS`aZAw]ZAc�Y[g'�-VCc'ZAnyZAc=`]Y[ZAbA_Rg'�h^ZAZAwq�-VCYIg'c{�-if_Rc{X'Z$�=�#Y[_Nµ�^ZAc'dS`aZ �*noVCw[w[dS��X'Z
��VCYaVCnyd 0�w[g'iS`zVCc-V<`~X?jmlInoVCc �´Q

X'Z�ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z �¥�-\Rg'Y[Z�s#Qm»C|�� 0)dfiWVCY[Y[dSºRZ8bAZA�3ZAc'X-VCc=` �*X-VCc'w$X'ZAg#µ�bNVCw �Ge+g'Z�i�V�`aZ´µ#`ag'Y[Z�X'Z
n�^ZAw[_#bAg'nJg'i�V<`qw[_RdS`qY#^ZAZAififZAnyZAc=`Gifd�^ZAZyVCg:bNVCYaVCb�`N¡ZAY[Zy`zVCY[X'dS�WX'g��'i�VC\Rdf_#bAi�VCw[Z$Z�`GX'g�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�¥�-\Rg'Y[ZGs#Q �����´Q
²�VCc'wKi�VJnoV��[_RY[dS`�^ZvX'ZAw~i�VCnyZAw 0�ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZqVC�'�-VCYaV-9<S`Ww[g'�#�MVCg�`a_Rny_RY[�'�'Z�Z�`~ZAc�dfc'bAifg'w[df_Rc

X-VCc'wGifZAwJVCg�`aY[ZAwG�'�-VCw[ZAw 0)dfi¨c?j ZAw¸`$ch^ZNVCc'ny_Rdfc'wq�-VCwGYaVCY[ZyX'Zy`aY[_Rg�ºRZAYJX'ZAwJdfc'bAifg'w[df_Rc'w]X'Zo�'i�VC\Rdf_<�
bAi�VCw[ZJ_Rg{X'Z$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z$X-VCc'wIifZAwI_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw�¥�-\Rg'Y[Z¤s#Q �=r��´Q/ThZAw�Y[ZAi�V<`adf_Rc'wx`aZ´µ#`ag'YaVCifZAw
dfc'X'dfe+g'ZAc=`¤X'_Rc'b�g'c'Z�bAY[dfw¸`zVCififdfwaV<`adf_Rc:w[g'�#�¾bA_Rc=`aZAny�3_RYaVCdfc'Z8X'Z�`a_Rg�`aZAw¤ifZAw$�'�-VCw[ZAw �¥�-\Rg'Y[ZAwos#Q �=»
Z�`{s#QmrC����VNºRZAb:g'c�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�i�^ZA\'¡ZAY[ZAnyZAc=`��'ifg'w��'Y#^ZAbA_#bAZ �¥�-\Rg'Y[ZAw!s#Q �R� 0xs#Q �=»�Z�`{s#QSP5»C���´Q
}/ZAwyVCny�'�'df�3_RifZAwGZ�`¤ifZAw$dfifn�^ZAc'dS`aZAw 0�e+g-VCc'X ZAififZAwJw[_Rc=`y�'Y#^ZAw[ZAc=`aZAw 0�bAY[dfw¸`zVCififdfw[ZAc=`JX-VCc'w$ifZAw$dfc=`aZAYM�
w¸`adfbAZAwGZAc=`aY[ZoifZAwGVCg�`aY[ZAwqnydfch^ZAYaVCg#µ _Rg:�'dfZAc:ZAc�bA_Rg'Y[_Rc'c'ZoVCg�`a_Rg'YqX'ZobAZAwGnydfch^ZAYaVCg#µ ny_Rc=`aYaVCc=`
ifZAg'YIbNVCYaVCb�`N¡ZAY[ZJ`zVCY[X'dS�MQ¶}�j _RY[X'Y[Z$X'ZJbAY[dfw¸`zVCififdfwaV<`adf_Rc�ifZJ�'ifg'wIbA_Rg'YaVCc=`]ZAw¸`]X'_Rc'b8� © �¶. � E=�¶. '
© �¶. � E=�¶. � � ( 'JE=�¶. � � ( �© �¨£ � � 9
}/ZAw�bA_Rny�3_Rw[dS`adf_Rc'w8nydfch^ZAYaVCif_R\Rdfe+g'ZAwoZ�`�ifZAw��'Y[_R�3_RY¸`adf_Rc'w8ny_#X-VCifZAw8w[_Rc=`�Z´µ#`aY 9ZAnyZAnyZAc=`�ºCV5�

Y[d�VC�'ifZAw �¥�-\Rg'Y[ZAw�s#Qm»R»70hs#Qmr<�:Z�`�s#QmrR»�� 0hVCifi�VCc=`yX'Z�i�V�c'_RY[dS`aZ��'g'Y[Z ¡V�i�V�\=VC�'�'Y[_Rc'_RY[dS`aZ�Y[dfbz�'Z�ZAc
_R�-VCe+g'Z�Z�`$ZAc VCny�'�'df�3_RifZyZAc��-VCw[waVCc=`¤�-VCYG`a_Rg'w$ifZAwJdfc=`aZAY[n�^ZAX'd�VCdfY[ZAw�¥ºR_RdfYG�-\Rg'Y[ZAwys#QmrC� 0�s#Qmr#P�0
s#QmrRs70�s#QSP5»C�qZ�`~s#QmrC���´Q#��c=º#dfY[_Rc8i�V]ny_RdS`ad�^ZKX'ZAwo^ZAbz�-VCc=`adfifif_Rc'w¨c'ZvbA_Rc=`adfZAc'c'ZAc=`K�-VCwhX?j _R�-VCe+g'Z�0��3_Rg'Y
ifZAw�VCg�`aY[ZAw 0=i�Vv�'Y[_R�3_RY¸`adf_RcJX?j _R�-VCe+g'ZAw¨�3ZAg�`�VCififZAY-�[g'w[e+g?j¥¡V$P5»�
 noVCdfw)ZAififZWc?j ZAw¸`¨w[g'�h^ZAY[dfZAg'Y[ZJ¡V]»�

e+g'Zx�3_Rg'Y�g'c'ZxX'df±NVCdfc'ZKX?jM^ZAbz�-VCc=`adfifif_Rc'w�X'Z~c'_RY[dS`aZAw¨_Rg¤X'Zx\=VC�'�'Y[_Rc'_RY[dS`aZAw�X'_Rc=`�i�V�ny_RdS`ad�^ZhbA_Rc=`adfZAc=`
g'c'ZJ�'Y[_R�3_RY¸`adf_Rc�c'_Rc{ch^ZA\Rifdf\RZNVC�'ifZ]X?j VCny�'�'df�3_RifZCQ§��_Rg'YIifZAw�^ZAbz�-VCc=`adfifif_Rc'wxY[dfbz�'ZAwIZAc{_R�-VCe+g'ZAw �¥���
\Rg'Y[Z�s#QmrC���qVCdfc'w[d�e+g'Z��3_Rg'YJg'c'Zo`aY[ZAc=`zVCdfc'Z8X?j VCg�`aY[ZAw 0�bAZ8w[_Rc=`$`a_Rg5�[_Rg'Y[wGX'ZAw$dfifn�^ZAc'dS`aZAwq_Rg�X'ZAw
�h^ZAnoV<`adS`aZAw 0�w[dfc'_Rc g'c'Z!e+g'dfc'±NVCdfc'Z�X'Z!Y[_#bz�'ZAw�bA_Rc=`adfZAc'c'ZAc=`�X'ZAw8w[�'dfc'ZAififZAwobz�'Y[_RnydS�M¡ZAY[ZAwoZ�`�g'c'Z



�:$ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Qmr����$�)µ�ZAny�'ifZ~X'ZK�-if_Rc¤bAZAc=`adfn�^Z�`aY[dfe+g'Z
X'Zv�=�#Y[_Nµ�^ZAc'dS`aZ �*noVCw[w[dS�/X'ZI°vVN�#i�VN�#c0�w[g'iS`zVCc-V<`
X?jmlInoVCc �´Q

�$	���� s#Q |R� ��½¾c=`aZAY[w[ZAb�`adf_Rc'wvX'ZqX'ZAg#µ��-if_Rc'wxX'Z
�=�#Y[_Nµ�^ZAc'dS`aZ¤�3ZAY[�3ZAc'X'dfbAg'i�VCdfY[ZAwIX-VCc'w�ifZJnoVCw[w[dS�
°vVN�#i�VN�#c0§w[g'iS`zVCc-V<`KX?jmlInoVCc?Q

e+g-VCYaVCc=`zVCdfc'ZJX'ZAwIw[g'iS�*g'Y[ZAwIX'Z
	��JZ�`´³<_Rg �� �¥`zVC�'ifZNVCg s#QSP��´Q¶}/ZAwI`aY[_Rdfwxe+g-VCY¸`aw�X'ZAw!^ZAbz�-VCc=`adfifif_Rc'w
c'ZhbA_Rc=`adfZAc'c'ZAc=`��-VCw)X?j VCny�'�'df�3_RifZ¨noVCdfw"i�V~�'Y[_R�3_RY¸`adf_RcqX'ZhbAZhnydfch^ZAYaVCi=ZAw¸`�w[g'�h^ZAY[dfZAg'Y[Zq¡VI»	
 �3_Rg'Y
g'c'Z�`aY[ZAc=`zVCdfc'Z�X'Z�i�VCnyZAwWZ�`~ZAififZI�3ZAg�`xVCififZAY/�[g'w[e+g?j¥¡V¤�=� 
8Q-²�VCc'wKi�VJ�'ifg'�-VCY¸`KX'ZAw�^ZAbz�-VCc=`adfifif_Rc'wq¡V
\RY[_Rw�\RYaVCdfc'w 0Rikj VCny�'�'df�3_RifZWw[ZxXh^Z�ºRZAif_R�'�3ZvZAcobA_Rg'Y[_Rc'c'ZvVCg�`a_Rg'Y�X'Zxikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z �¥�-\Rg'Y[ZAwWs#Qm»C|
Z�`hs#QSP5»C���"noVCdfw�ZAififZhw[ZK�'Y#^ZAw[ZAc=`aZxbA_RnynyZh�'�-VCw[Z~dfc=`aZAY[w¸`adS`adfZAififZ�X-VCc'w�ifZAwG^ZAbz�-VCc=`adfifif_Rc'wx¡VI\RYaVCdfc'w)�-c'w
�¥�-\Rg'Y[ZAwKs#QmrC�qZ�`~s#Qmr#P��´Q#}"Vq�'Y[_R�3_RY¸`adf_RcyX'Zv�'i�VC\Rdf_#bAi�VCw[ZWºCVqX'ZGP�� 
 ¡V=�R� 
�0#ZAififZ~w[Zvw[dS`ag'ZvifZx�'ifg'w
�*Y#^ZAe+g'ZAnynyZAc=`KZAc=`aY[Z]»C� 
�Z�`��R� 
 �¥�-\Rg'Y[ZAw~s#Qmr<� 0's#QmrR»70's#Qm»R»qZ�`xs#Qmr������'ThZAififZvX'ZIbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
ºCV$X'ZJ» 
 ¡Vy»C� 
�VNºRZAbGg'c��'dfb�X'Z��*Y#^ZAe+g'ZAc'bAZGZAc=`aY[ZGsC� 
�Z�`x�R� 
 �-bAZAififZ�X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZqºCV
X'Zy» 
 ¡V8�=� 
 VNºRZAb¤g'c �'dfbJX'Z$�*Y#^ZAe+g'ZAc'bAZ¤ZAc=`aY[ZosC� 
�Z�`q�R� 
8Q:�xc'ZJ`aY[ZAc=`zVCdfc'Z$X'Z$bAZAw]\=VC�#�
�'Y[_Rc'_RY[dS`aZAw�c'ZxbA_Rc=`adfZAc'c'ZAc=`K�-VCw�X'ZvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0#�-VCY[nyd-bAZAwWY[_#bz�'ZAw 0#X'd µybA_Rc=`adfZAc'c'ZAc=`W�'ifg'w�X'Z
P�� 
�X?j _R�-VCe+g'Z¤_Rg X?j VCny�'�'df�3_RifZ�03i�V8�'Y[_R�3_RY¸`adf_Rc!X'Z¤bAZAw]nydfch^ZAYaVCg#µ{�3_Rg�ºCVCc=`qV<`[`aZAdfc'X'Y[Z�P5» 
8Q
��ififZAwWw[_Rc=`xY[dfbz�'ZAw~ZAc��'i�VC\Rdf_#bAi�VCw[ZvZ�`~c?j ZAc�bA_Rc=`adfZAc'c'ZAc=`��aVCnoVCdfwhny_Rdfc'wWX'Zq»C� 
 �¥�-\Rg'Y[ZAwvs#Qm»R»GZ�`
s#QmrRr��´QC}"VIbA_Rc'bAZAc=`aYaV<`adf_RcJZAc¤�'i�VC\Rdf_#bAi�VCw[Z�ºCVvX'Z~»C��
�¡V �R��
pZ�`�ZAw¸`�`aYA¡ZAw)�*Y#^ZAe+g'ZAnynyZAc=`�bA_Rny�'Y[dfw[Z
ZAc=`aY[Z �R� 
�Z�`xrC� 
�0'dfc=ºRZAY[w[ZAnyZAc=`(0'bAZAififZvX?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�ºCVJX'ZJP�� 
 ¡VJ�=� 
ÀVNºRZAb�g'c��'dfbvX'Z
�*Y#^ZAe+g'ZAc'bAZGZAc=`aY[Zq�R� 
�Z�`x�=� 
8Q

� ��� � ��� ��� 
��� ������*�����#� ��� ����
 $��*�����

}/ZAw]�=�#Y[_Nµ�^ZAc'dS`aZAw]�*_RY[nyZAc=`�ifZJ\RY[_Rg'�3Z$ifdS`a�'_Rif_R\Rdfe+g'ZqifZJ�'ifg'w�bA_RnynJg'c{ZAc:lInoVCc{Z�`]ikj g'c{X'ZAw
�'ifg'wqVC�3_Rc'X-VCc=`awqX-VCc'wqc'_C`aY[Z�^ZAbz�-VCc=`adfifif_Rc-VC\RZ �ksC�R| ^ZAbz�-VCc=`adfifif_Rc'w�w[g'YqifZAwyP���P���Y#^ZAbA_RiS`�^ZAw �´Q"½¾i¨ZAw¸`
�'Y#^ZAw[ZAc=`qX-VCc'w�ikj ZAc'w[ZAnJ�'ifZJX'ZJikj _R�'�'df_RifdS`aZ8¡V8ikj Z´µ�bAZA��`adf_Rc{X'Z$e+g'ZAife+g'ZAw�±A_Rc'ZAw]�'dfZAc{�-VCY¸`adfbAg'ifdk¡ZAY[ZAw 0
Z�`]w[d�ifZJc'_RnJ�'Y[Z$X?jM^ZAbz�-VCc=`adfifif_Rc'wIX'Z$�=�#Y[_Nµ�^ZAc'dS`aZ¤ZAw¸`q\RY[_Rw[w[_�ny_#X'_�ifZJn 9ZAnyZJe+g'Z¤ifZJc'_RnJ�'Y[Z$X'Z
\=VC�'�'Y[_{¡V$_RifdSº#dfc'Z�0'bAZAi�V$ZAw¸`vifd�^Zy¡V¤ikj �h^Z�`�^ZAY[_R\)^ZAch^ZAdS`�^Z]X?jM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZ�w[g'Yxi�VJw[g'Y¸��VCbAZqX'Zqikj _R�'�'df_<�
ifdS`aZ���i�V�X'ZAc'w[dS`�^Z8X?jM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZ�^Z�`zVCc=`J�'dfZAc��'ifg'wq�*_RY¸`aZoX-VCc'wJbAZAY¸`zVCdfc'ZAwG±A_Rc'ZAw$�'ifg'wGY[dfbz�'ZAw
ZAc�\=VC�'�'Y[_!¡V$_RifdSº#dfc'ZIZ�`x�'ifg'wK�-VCg�º#Y[ZAwxZAc��=�#Y[_Nµ�^ZAc'dS`aZAw �¥ºR_RdfYKbz�-VC�'dS`aY[Zq��Q �$�3_Rg'YKg'c'Z]X'dfw[bAg'w[w[df_Rc
�'ifg'w�VC�'�'Y[_C�*_Rc'X'dfZhbA_Rc'bAZAY[c-VCc=`¨i�VxY#^ZA�-VCY¸`adS`adf_RcGX'ZAw���VCbAdk¡ZAw��-if_Rc'dfZAc'w)w[g'Y�i�Vvw[g'Y¸��VCbAZKX'ZWikj _R�'�'df_RifdS`aZ �´Q
Tvj ZAw¸`Jg'c:ZAc'w[ZAnJ�'ifZ¤`aYA¡ZAwqX'dSºRZAY[w[dS�W^Zye+g'd�w[Zyw[g'�3X'dSº#dfw[ZyX-VCc'wqifZ¤Xh^Z�`zVCdfi�ZAc:_Rc'±AZ¤��VCbAdk¡ZAwqw[ZAif_Rc�w[ZAw



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� �#�

�$	���� s#Q |�P � +)dfif_Rc X'Z �=�#Y[_Nµ�^ZAc'dS`aZ bAZAc#�
`adfn�^Z�`aY[dfe+g'Z �*noVCw[w[dS��X'Z�°vVN�#i�VN�#c0�w[g'iS`zVCc-V<`
X?jmlInoVCc �´Q

�$	���� s#Q |=s � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
�'Y#^ZAifZ�º¨^Z:X-VCc'w�g'c �3Z�`adS`��-if_Rc�X'Z %hZA�'w¸`�^ZAY[dS`aZ
�*noVCw[w[dS�)X'Z	+)df±A�0h^ZAbz�-VCc=`adfifif_Rc��R�
	��p�=» ���´Q

�$	���� s#Q |R��� +§VCbAZ$w[bAd�^ZAZ¤X?j g'c ^ZAbz�-VCc=`adfifif_Rc{X'Z
bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ ¡V \RY[_Rw \RYaVCdfc'w �*noVCw[w[dS�!X'Z
°xdfiS`ad 0¨^ZAbz�-VCc=`adfifif_Rc �=r ����sC� ���´Q

�$	���� s#Q |C� � +§VCbAZ$w[bAd�^ZAZ¤X?j g'c ^ZAbz�-VCc=`adfifif_Rc{X'Z
bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZq¡Vv_RifdSº#dfc'ZI¡Vv\RYaVCdfc'w"�-c'w �*noVCwM�
w[dS��X'g ��VCX'd �¾¯)VN�#dfc0�^ZAbz�-VCc=`adfifif_Rc��R����� ��P��´Q



� � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

Bahla Musqat Fizh, Hilti

FZN

F
ZS

H
IL

Kawad, Musibit

K
W

D

M
SB

Nakhl

NAE

NAW

Haylayn, Sarami, Wuqbah

RU
SSAM

Suma’il

N
RS

MQD

SDS

Samad Ibra, Wadi Tayin

IB
R

W
T

N

�$	���� s#Q |=» �]��Y[_5�[ZAb�`adf_Rc'w"w¸`�^ZAY#^ZA_R\RYaVC�'�'dfe+g'ZAw)ny_Rc=`aYaVCc=`�ifZAw"_RY[dfZAc=`zV<`adf_Rc'w/X'ZAw"��VCbAdk¡ZAw"X'Z��=�#Y[_Nµ�^ZAc'dS`aZ
ZAc��*_Rc'b�`adf_Rc X'ZAwq±A_Rc'ZAwq\)^ZA_R\RYaVC�'�'dfe+g'ZAwAQ���_Rg'Y]bA_Rny�-VCYaVCdfw[_Rc0?ikj _RY[dfZAc=`zV<`adf_Rc{ny_��RZAc'c'ZyX'g:bA_Rn$�
�'ifZ´µ�Z �-if_Rc'dfZAc��3_Rg'Y�ifZAw�X'dS¿x^ZAY[ZAc=`aZAw�Y#^ZA\Rdf_Rc'w�ZAw¸`�X'_Rc'ch^ZAZ�w[g'Y�bz�-VCe+g'Z:w¸`�^ZAY#^ZA_R\RYaVCnynyZ{Z�`�ZAw¸`
Y#^Z���^ZAY[ZAc'b3^ZAZvbA_RnynyZWw[g'dS`x� �����o�RnoVCw[w[dS�¶X'Z,+)df±A�¤w[g'X �kThZAg'ifZAc'ZAZAY 0§P-�R|������ �������RnoVCw[w[dS�¶X'Z,+)df±A�
c'_RY[X � �#nyZ %~dfc'\ 0-P-�R|R�RV � /~ZAg'�3ZAY 0§P-�R|R| �(��VCbN}/ZA_#X8VCc'X�/~_C`a�'ZAY¸��0§P-���=s������	��
��+noVCw[w[dS�¶X'Zv°xdfiS`ad
�kThZAg'ifZAc'ZAZAY 0�P-�R|��������� ���¶noVCw[w[dS�¨X'Z �]VC� %WVCX � ��dfw[w[ZAY[d 0)P-�R|=s���� ����� �?noVCw[w[dS�¨X'Z ��g'w[df�'dS`
� ��dfw[w[ZAY[d 0§P-�R|=s������	�����#noVCw[w[dS�?X'Z �vV &+�'i¶_Rg'ZAw¸` � hY[_ %~c'dfc'\ 0§P-�R|=s���ThZAg'ifZAc'ZAZAY 0¶P-�R|��������	�����
noVCw[w[dS�~X'Z �vV &+�'ihZAw¸` � ��VCbN}/ZA_#X�VCc'X �hVC_Rg-VCc'bAe*0�sC�R�R��������� ���)noVCw[w[dS�~X'Z ��VCYaVCnyd �kThZAg'ifZ´�
c'ZAZAY 0§P-�R|�������!����o�=noVCw[w[dS�*w¨X'Zx°vVN�#i�VN�#cyZ�`��:g'e+�-VC� ���)VCififdfw¸`aZAY 0�P-�R|�P�� hY[_ %~c'dfc'\ 0-P-�R|=s��=²�VC�'i 0
P-�R|C� ��ThZAg'ifZAc'ZAZAY 0WP-�R|�������� �����)noVCw[w[dS�~X'Z �#g'noV�j dfi¨w[g'X�� ��dfw[w[ZAY[d 0�P-�R|=s������ !�� ��noVCw[w[dS�~X'Z
�#g'noV�j dfi3c'_RY[X � ��dfw[w[ZAY[d 0¶P-�R|=s��'ThZAg'ifZAc'ZAZAY 0/P-�R|���������� ����noVCw[w[dS�"X'Z	�#g'noV�j dfi 0+Y#^ZA\Rdf_Rc8X'Z���VCeR�
waVCX �kThZAg'ifZAc'ZAZAY 0�P-�R|�� ����VCbN}/ZA_#X!VCc'X /~_C`a�'ZAY¸��0"P-���=s�� �xdfbA_Ri�VCw~VCc'X+h_Rg'X'dfZAY 0/P-���=»����C_Rg'w[w[ZAifdfc
Z�`~VCikQ 03P-���R|�������� !���noVCw[w[dS�/X?j ½¾�'YaV ���)VCififdfw¸`aZAY 0§P-�R|�P�� ��dfw[w[ZAY[d 03P-�R|=s������! ��p��noVCw[w[dS�/X'g���VCX'd
¯)VN�#dfc � ��dfw[w[ZAY[d 0¶P-�R|=s��-ThZAg'ifZAc'ZAZAY 0/P-�R|����´Q'��_Rg'YKifZInoVCw[w[dS�"X'Z	��VCnoVCX0#ºR_RdfYxThZAg'ifZAc'ZAZAY 0/P-�R|��GZ�`
��dfw[w[ZAY[d 0?P-�R|=s#Q �¨_RdfYh`zVC�'ifZNVCg�s#Q �$�3_Rg'Y~i�VJi�^ZA\RZAc'X'Z]X'ZAwxw¸�#nJ�3_RifZAwAQ



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� �-ª

,u��8G±D�#�"��% ºv'��$��% ��)LíG���/�)&�����"% � � !#���#��Ä�� ��� ,-$8æ²>�&' '�� *I�#�"��% º�'�� ²>��*I��4 % �JíB���/�)&�����"% � � !#�
�#�+Ò2Ò��C�

�$	���� s#Q |�� �o²IZAg#µoi�VCnyZAw�nydfc'bAZAw�X'ZvbAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ¤¡V]`aZ´µ#`ag'Y[ZIX?j VCX'bAg'nJg'i�V<`�º#g'ZAwWZAc8ifg'nydk¡ZAY[Z
`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�VNºRZAbqc'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

ny_#X'ZAw]X?j V<¬yZAg'Y[ZAnyZAc=`JZ�`qw[ZAwGbA_Rny�3_Rw[dS`adf_Rc'w�nydfch^ZAYaVCif_R\Rdfe+g'ZAwIe+g'd�ºR_Rc=`GX'Zyi�V�bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ
¡Voikj _RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZJZAc{�-VCw[waVCc=`]�-VCYvX'dSºRZAY[w�dfc=`aZAY[n�^ZAX'd�VCdfY[ZAwx�'ifg'wv_Rg{ny_Rdfc'wxY[dfbz�'ZAwIZAc{_RifdSº#dfc'ZCQ
��c:`aZAc-VCc=`$bA_Rny��`aZoZAc��'Y[ZAnydfZAYqifdfZAg�X'ZAwJny_#X'ZAwGX?j V<¬yZAg'Y[ZAnyZAc=`(0-�Aj VCd��'g:��VCdfY[Z¤g'c'Z8�'Y[ZAnydk¡ZAY[Z
\RYaVCc'X'ZvX'dfw¸`adfc'b�`adf_RcyZAc=`aY[Z�X'ZAg#µ8\RYaVCc'X'wh\RY[_Rg'�3ZAwhifdS`a�'_Rif_R\Rdfe+g'ZAw~�#ifZAwh�=�#Y[_Nµ�^ZAc'dS`aZAwWe+g'd?V<¬yZAg'Y[ZAc=`
w[_Rg'wG�*_RY[nyZyX'Zo�-if_Rc��*YaVCc'boZ�`$bAZAififZAwqe+g'dWVC�'�-VCYaVCdfw[w[ZAc=`$w[_Rg'wG�*_RY[nyZyX'Z8Y[g'�-VCc'ZAnyZAc=`awJX-VCc'wJi�V
�h^ZAY[dfX'_C`adS`aZ �¥�-\Rg'Y[ZGs#QmrC|��´Q

� ������� 4 ��� 	 �,8:5 � �� � 0
	 ����� � � 465 �

�¨�#�y9:B/ "�#�y ¨L %����#,"45�#9:�#>3�5�
��ififZAw¤VC�'�-VCYaVCdfw[w[ZAc=`¤`a_Rg5�[_Rg'Y[w$w[g'Y¤ifZ8`aZAY[YaVCdfc�w[_Rg'w$�*_RY[nyZ�X'Z��-if_Rc'w$X?jM^ZA�-VCdfw[w[ZAg'Y[w 0¨X?j VC�3_Rc#�

X-VCc'bAZAwxZ�`xX?j _RY[dfZAc=`zV<`adf_Rc'wKZ´µ#`aY 9ZAnyZAnyZAc=`xºCVCY[d�VC�'ifZAwAQ'}"V¤�'g'dfw[waVCc'bAZ]X'ZAw~�-if_Rc'wKºCV$X'g�bAZAc=`adfn�¡Z�`aY[Z
¡V��'ifg'w[dfZAg'Y[wqn�¡Z�`aY[ZAw]ºR_RdfY[Z¤X'df±NVCdfc'ZAw]X'Zyn�¡Z�`aY[ZAwqX-VCc'wqe+g'ZAife+g'ZAwGbNVCw �¥�-\Rg'Y[ZAwJs#QSP�0�s#Qmr�� 0�s#Q |�PyZ�`
s#Q |=s���Z�`�ikj VC�3_Rc'X-VCc'bAZWX'ZW�-if_Rc'w)ºCVIX'gJ�-if_Rc$dfw[_Ri�^ZWVCg$bz�-VCny�$X'ZW�-if_Rc'w�bA_Rg�º#YaVCc=`¶�[g'w[e+g?j¥¡V�ZAc=º#dfY[_Rc
�R� 
�X'Z�i�VJw[g'Y¸��VCbAZ�X?j V<¬yZAg'Y[ZAnyZAc=`NQ3}"VG`zVCdfififZxX'ZAw~\RYaVCdfc'wWZAw¸`~`aYA¡ZAwKºCVCY[d�VC�'ifZvX?j g'c�^ZAbz�-VCc=`adfifif_Rc�¡V
ikj VCg�`aY[Z�0§ZAififZ]ºCVoX'ZGny_Rdfc'wxX'ZoPJnyn ¡Vo�'ifg'w[dfZAg'Y[wvbAZAc=`adfn�¡Z�`aY[ZAw �¥�-\Rg'Y[ZAw]s#Q |R�yZ�`]s#Q |C� �KnoVCdfwxZAififZ
Y[ZAw¸`aZ]`a_Rg5�[_Rg'Y[wJ¡V¤�3ZAg��'YA¡ZAwxbA_Rc'w¸`zVCc=`aZGVCg�w[ZAdfc�X'g�n 9ZAnyZI�-if_Rc�Z�`(0-n 9ZAnyZ]X-VCc'w~ifZ�bNVCwxX'Z]bAY[_RdfwM�
waVCc'bAZAw¤�-VCY[Y[dfw[dS`adfe+g'ZAwJVCg#µ ^ZA�3_Rc=`aZAw 0�waV!ºCVCY[d�V<`adf_Rc�c?j ZAw¸`y�-VCwJZ´µ�bAZAw[w[dSºRZCQ�}"V!Xh^Z��*_RY[noV<`adf_Rc:Y[ZAw¸`aZ
\Rif_R�-VCifZAnyZAc=`J��VCdf�'ifZoZ�`yZAw¸`y�'dfZAc ny_Rdfc'wJ�'Y[_Rc'_Rc'b3^ZAZ�e+g'Z��3_Rg'Y¤ifZAwJ�-if_Rc'w$X'Z�\=VC�'�'Y[_Rc'_RY[dS`aZ�0�w[Z
ifdfnydS`zVCc=`v¡V]g'c'ZvY[ZAbAY[dfw¸`zVCififdfwaV<`adf_RcJ�3_Rc'b�`ag'ZAififZxVCg#µ��[_Rdfc=`aw¨X'Zx\RYaVCdfc'w�º#dfw[df�'ifZ~g'c'dfe+g'ZAnyZAc=`WZAcoi�VCnyZ
nydfc'bAZCQ
}/ZAw]_RY[dfZAc=`zV<`adf_Rc'wIX'ZAw]�-if_Rc'w�w[_Rc=`�`a_Rg�`8¡V8��VCdS`]VCi�^ZNV<`a_RdfY[ZAwIZ�`]c'Z¤Xh^ZA�3ZAc'X'ZAc=`G�-VCw]X'Z¤i�V8±A_Rc'Z

\)^ZA_R\RYaVC�'�'dfe+g'Zo�3if_RY[w[e+g?j _Rc!_R�'w[ZAY¸ºRZ$g'c'ZJw#^ZAY[dfZGX'Zq�-if_Rc'wvX'ZJ�=�#Y[_Nµ�^ZAc'dS`aZJw[g'Yvg'c{n 9ZAnyZGV<¬yZAg'Y[Z´�
nyZAc=`(0=ifZAw�_RY[dfZAc=`zV<`adf_Rc'w�X'ZxbAZAw��-if_Rc'w�c'Z~w[_Rc=`h�-VCw¨Y#^ZA\Rg'ifdk¡ZAY[ZAw �*bA_Rc=`aYaVCdfY[ZAnyZAc=`I¡V�bAZ~e+g'Zxikj _RcyVIº#g



� � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Q |=r���Thifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ8�3ZA\RnoV<`adS`adfe+g'Z
¡V8`aZ´µ#`ag'Y[ZyX?j VCX'bAg'nJg'i�V<`(0¶ifZAw]_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw
w[_Rc=` ZAc dfc'bAifg'w[df_Rc�X-VCc'w�ifZ bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�*noVCw[w[dS�~X'Z��vV &+�'i 0G^ZAbz�-VCc=`adfifif_Rc �=r  ��� ��� 0
ifg'nydk¡ZAY[ZI�3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#Q |R| �GThifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ]¡Vx_RifdSº#dfc'ZI¡Vv\RY[_Rw
\RYaVCdfc'w]Z�`�¡V8`aZ´µ#`ag'Y[ZyX'Zyn�^ZAw[_#bAg'nJg'i�V<` �*noVCwM�
w[dS��X'g ��VCX'd �¾¯)VN�#dfc0�^ZAbz�-VCc=`adfifif_Rc��R����� ��P�� 0
ifg'nydk¡ZAY[ZI�3_Ri�VCY[dfw#^ZAZ�0'c'dfbA_RifwWbAY[_Rdfw#^ZAwAQ

�3_Rg'Y�ifZAw¨\=VC�'�'Y[_Rwv¡V]_RifdSº#dfc'Zhe+g'd-w[_Rc=`hZAcyw#^ZAY[dfZAw¨X'ZK�-if_Rc'w��-VCYaVCifik¡ZAifZAw�w[g'Y¨g'cyn 9ZAnyZ~V<¬yZAg'Y[ZAnyZAc=` �
Z�`hX'ZAwh�'i�VCc'w¨X?j _RY[dfZAc=`zV<`adf_Rc'w�`aYA¡ZAw�X'dSºRZAY[w[ZAwhwAj ZAc=`aY[ZAbAY[_Rdfw[ZAc=` �¥�-\Rg'Y[ZIs#Q |R��� 0=ifZAw�±A_Rc'ZAwh_/¡g¤ifZAw¨�-if_Rc'w
X'ZI�=�#Y[_Nµ�^ZAc'dS`aZAwKw[_Rc=`KY#^ZA\Rg'ifdk¡ZAY[ZAwhZ´µ�dfw¸`aZAc=`~noVCdfw�Y[ZAw¸`aZAc=`~Z´µ�bAZA��`adf_Rc'c'ZAififZAwAQ ¡��c'_Rg�ºRZNVCg�Z�`WbA_RnynyZ
�3_Rg'Y�ifZAw��-if_Rc'w�X'Z¤\=VC�'�'Y[_Rc'_RY[dS`aZ�0¶w[g'Y]X'ZAw]w¸`�^ZAY#^ZA_R\RYaVCnynyZAw]_/¡g{w[_Rc=`qY[ZA�'Y#^ZAw[ZAc=`�^ZAwGifZAw]c'_RY[noVCifZAw
VCg#µ��'i�VCc'wKX'Z��-if_Rc0'bCj ZAw¸`vikj dfny�'Y[ZAw[w[df_Rc�X'Z]X'dfw[�3ZAY[w[df_Rc�e+g'd/X'_Rnydfc'Z �¥�-\Rg'Y[ZGs#Q |=»��´Q
²�VCc'woifZ�Xh^Z�`zVCdfi 0�i�V bA_Rny�3_Rw[dS`adf_Rc�nydfch^ZAYaVCif_R\Rdfe+g'Z�X'ZAw ^ZAbz�-VCc=`adfifif_Rc'w¤�3ZAY[nyZ�`oX'Z�X'dfw¸`adfc'\Rg'ZAY

c'ZAg���`¾�#�3ZAw~X'ZI�=�#Y[_Nµ�^ZAc'dS`aZAwxifZAw[e+g'ZAifwK�3ZAg�ºRZAc=`	9Z�`aY[Z�Y[ZA\RY[_Rg'�h^ZAwKZAc�e+g-V<`aY[Z�\RYaVCc'X'ZAwW��VCnydfififZAw~�'ifZAw
bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0-ifZAwK_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 03ifZAw %hZA�'w¸`�^ZAY[dS`aZAwxZ�`xifZAw�%hZA�'Y[ifdS`aZAwAQ

�¨�#�8EJ(���>"B*� �/45B#.GH�#>��¥���#�
|=» ^ZAbz�-VCc=`adfifif_Rc'w�X'Z bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ _Rc=`�^Z�`�^Z Y#^ZAbA_RiS`�^ZAwAQvTh_RnynyZ{ikj dfc'X'dfe+g'Z!ifZAg'Y�c'_Rn 0Wdfifw

w[_Rc=`K�*_RY[n�^ZAwWnoV��[_RY[dS`zVCdfY[ZAnyZAc=`hX'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwKZ�`xVCbAbAZAw[w[_RdfY[ZAnyZAc=`~X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwxZ�`´³<_Rg
X?j _RifdSº#dfc'ZAwAQR�)µ�bAZA��`�^ZxX-VCc'w¨g'c'Z~X'df±NVCdfc'ZWX'Z~bNVCw 0=bAZ~w[_Rc=`¨`a_Rg5�[_Rg'Y[w�X'ZAw¨Y[_#bz�'ZAwI¡V�\RY[_Rw�\RYaVCdfc'w �*�'ifg'w
X'Z!»{nyn� 0�VCifi�VCc=`¤�-VCY¸�*_Rdfwv�[g'w[e+g?j¥¡V�i�V �3ZA\RnoV<`adS`aZ�VNºRZAb�X'ZAwo\RYaVCdfc'w¤X'Z��'ifg'w¤X'Z!s � � 0¨VN�=VCc=`
X'ZAwI`aZ´µ#`ag'Y[ZAwqX?j VCX'bAg'nJg'i�V<` �¥�-\Rg'Y[ZAwGs#Q |��8Z�`qs#Q |=r��´Q?}/ZAw{^ZAbz�-VCc=`adfifif_Rc'wvw[_Rc=`]�-VCY¸�*_RdfwIi�^ZA\'¡ZAY[ZAnyZAc=`
Xh^Z��*_RY[n�^ZAw 0'bAZ]e+g'd/ZAc=`aYaV-9<fc'Z]VCif_RY[wWg'c'Z]Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rco�-VCY¸`adfZAififZvZAw[w[ZAc=`adfZAififZAnyZAc=`~if_#bNVCifdfw#^ZAZIVCg#µ
�[_Rdfc=`awWX'Z]\RYaVCdfc'w �¥�-\Rg'Y[Zqs#Q |����hnoVCdfwhX-VCc'w~g'c�w[ZAg'i/bNVCw~bAZ�`[`aZ�Xh^Z��*_RY[noV<`adf_Rc8ZAw¸`x�3_Rg'w[w#^ZAZh�[g'w[e+g?j¥¡V
i�VJnG�#if_Rc'dS`adfwaV<`adf_Rc �*bNVCw~X'ZqikjM^ZAbz�-VCc=`adfifif_Rc��=r ���o�+sJX'g�noVCw[w[dS��X'Zq°xdfiS`ad �´Q
²IZAwh_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwWZ�`hX'ZAwh_RifdSº#dfc'ZAw¨w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�w[_Rc=`WZAcodfc'bAifg'w[df_RcyX-VCc'w�ifZxbAifdfc'_R�=�=�

Y[_Nµ¶¡ZAc'Zydfc'X'dfe+g-VCc=`]�-VCYM�¾iM¡V8ifZAg'Y�bNVCYaVCb�`N¡ZAY[Zy�'Y#^ZAbA_#bAZ¤�-VCY]YaVC�'�3_RY¸`8¡V�bAZyX'ZAY[c'dfZAY�nydfch^ZAYaVCi �¥�-\Rg'Y[ZAw
s#Q |=r70)s#Q |���Z�`$s#Q |R|����"�-VCYGbA_Rc=`aY[ZoZ�`GbA_Rny��`aZy`aZAc+g�X'ZAwq��VCdf�'ifZAw]�'Y[_R�3_RY¸`adf_Rc'wqX?j _RifdSº#dfc'Z$Z�`JX?j _RYM�
`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0KifZAw�Y[ZAi�V<`adf_Rc'w¤`aZ´µ#`ag'YaVCifZAw�ZAc=`aY[Z{bAZAw�X'ZAg#µ�nydfch^ZAYaVCg#µ�w[_Rc=`��'ifg'w8_R�'w[bAg'Y[ZAw�Z�`�dfi
ZAw¸`8X'd�ybAdfifZ�X'Z�X'_Rc'c'ZAYoifZAg'Yy_RY[X'Y[Z�X'Z��'Y#^ZAbAdf�'dS`zV<`adf_Rc0�dfi~ZAw¸`8�'Y[_R�-VC�'ifZ�e+g'Z�i�V bAY[dfw¸`zVCififdfwaV<`adf_Rc



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� � D

,u��82±D�#�"��% º '�� 
E�C=>�?�C=>�Lív���/�)&�����"% � � !#�I½#½ ���Û¼#�#§ ,-$8G±D�#�"��% ºv'��$��% ��)LíG���/�)&�����"% � � !#���#��Ä�� ��½

�$	���� s#Q |����¤²IZAg#µoi�VCnyZAw�nydfc'bAZAw�X'ZxbAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAwh�3ZA\RnoV<`adS`adfe+g'ZAwv¡V]`aZ´µ#`ag'Y[Zv�-VCY¸`adfZAififZAnyZAc=`
Y[ZAbAY[dfw¸`zVCififdfw#^ZAZvº#g'ZAwxZAc�ifg'nydk¡ZAY[Zv`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�VNºRZAbqc'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

X'Z�ikj _RifdSº#dfc'Z8Z�`yX'Z�ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�ZAw¸`y�'ifg'w¤_Rg ny_Rdfc'w$bA_Rc=`aZAny�3_RYaVCdfc'Z�X'_Rc'c-VCc=`oikj _RY[X'Y[Z�X'Z
bAY[dfw¸`zVCififdfwaV<`adf_Rcow[g'dSºCVCc=`]� ©y( � © �¶. � E=�¶.
}"VGnoV��[_RY[dS`�^Z~X'ZAwWi�VCnyZAw�bA_Rc=`adfZAc=`KX'ZAwW_R�-VCe+g'ZAwWZAc��'Y[_R�3_RY¸`adf_Rc'w¨`a_Rg5�[_Rg'Y[whdfc���^ZAY[dfZAg'Y[ZAw]¡VJs 
�0

bAZ�w[_Rc=`¤�3_Rg'Y$ny_RdS`ad�^ZyX'ZAw$w[�'dfc'ZAififZAwJbz�'Y[_RnydS�M¡ZAY[ZAwJZ�`¤�3_Rg'YJikj VCg�`aY[Z8ny_RdS`ad�^ZyX'ZAw¤w[g'iS�*g'Y[ZAw$X'Z 	��
Z�` �� �¥`zVC�'ifZNVCg�s#QSP��´Q�}/ZAw$�'Y[_R�3_RY¸`adf_Rc'wGnydfch^ZAYaVCif_R\Rdfe+g'ZAwqw[_Rc=`¤�3ZAg�ºCVCY[d�VC�'ifZAw �¥�-\Rg'Y[ZAwys#Q ��P�Z�`
s#Q �R��� 0�¡Vy�3ZAg{�'YA¡ZAwIifZq`adfZAY[wvX'ZAwIi�VCnyZAwxc'ZGbA_Rc=`adfZAc'c'ZAc=`]�-VCwvX?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0/�3_Rg'YvifZAwIVCg�`aY[ZAw 0
i�Vy�'Y[_R�3_RY¸`adf_Rc�X'ZGbAZJnydfch^ZAYaVCi"ZAw¸`I`a_Rg5�[_Rg'Y[wvdfc���^ZAY[dfZAg'Y[Z�¡V�»�
8Q1�xc'ZJX'df±NVCdfc'ZqX'ZJi�VCnyZAwxbA_Rc=`adfZAc=`
X'Z�P�� 
 ¡V��R� 
�X?j _RifdSº#dfc'ZJnoVCdfwv�3_Rg'YI`a_Rg'w]ifZAw]VCg�`aY[ZAw{^ZAbz�-VCc=`adfifif_Rc'w 0¶i�V8�'Y[_R�3_RY¸`adf_Rc{X?j _RifdSº#dfc'Z
ZAw¸`qdfc���^ZAY[dfZAg'Y[Z�¡V�� 
8Q ¡��ikj dfc=ºRZAY[w[Z�0"i�V8�'Y[_R�3_RY¸`adf_Rc{X'Z¤bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z¤ºCV�X'Z �R� 
 ¡V P��R� 
 Z�`
c?j ZAw¸`vdfc���^ZAY[dfZAg'Y[Zy¡V �R� 
�e+g'Z]�3_Rg'YKi�V$X'df±NVCdfc'ZIX?jM^ZAbz�-VCc=`adfifif_Rc'wKw[g'w[X'dS`aw �¥�-\Rg'Y[ZGs#Q �R���´Q

�¨�#�8©¤4��5¦"B*� �/45B#.GH�#>��¥���#�
}/ZAw~_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAw~w[_Rc=`x�'dfZAc��'ifg'wKYaVCY[ZAwKe+g'Z]ifZAwKbAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0'_Rc�c?j ZAc�V�^ZAbz�-VCc=`adfi �

if_Rc'ch^Zhe+g'ZWº#dfc'\C`�Z�`�g'c'ZWw[g'Y�ikj ZAc'w[ZAnJ�'ifZWX'ZWikj _R�'�'df_RifdS`aZ�X?jmlInoVCc?QRThZKw[_Rc=`�X'ZAw�bAg'nJg'i�V<`aw�X'_Rc=`�ifZAw
\RYaVCdfc'w/w[_Rc=`�ny_��RZAc'wW¡VK\RY[_Rw �*X'Zh»WnynÀ¡V�P5»Wnyn 0��-\Rg'Y[ZAw)s#Q �R�KZ�`�s#Q �C� �3Z�`��'Y#^ZAw[ZAc=`zVCc=`)g'c'Z�`aZ´µ#`ag'Y[Z
X?j VCX'bAg'nJg'i�V<`]�'ifg'w�_Rg ny_Rdfc'wIY[ZAbAY[dfw¸`zVCififdfw#^Z �¥�-\Rg'Y[ZAwGs#Q �=»8Z�`Gs#Q �=r��´Q/²�VCc'w�w[ZA��`�^ZAbz�-VCc=`adfifif_Rc'w 0¶i�V
Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_RcoZAw¸`~`a_C`zVCifZIX'_Rc'c-VCc=`vg'c'Z�`aZ´µ#`ag'Y[Z]X'Z]Y[ZAbAg'dS` �¥�-\Rg'Y[ZGs#Q ����� 0'i�VG`zVCdfififZvX'ZAw~\RYaVCdfc'w
ZAw¸`vVCif_RY[wKw[ZAc'w[df�'ifZAnyZAc=`x�'ifg'wW�-c'Z�0§ZAc=`aY[Z¤P]nyn¹Z�`x�¤nyn�Q
}/ZAwIY[ZAi�V<`adf_Rc'wK`aZ´µ#`ag'YaVCifZAwvZAc=`aY[ZJifZAwvX'dS¿x^ZAY[ZAc=`awvnydfch^ZAYaVCg#µ�w[_Rc=`IbAi�VCdfY[ZAwq�3ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZJw[Z

�'Y#^ZAw[ZAc=`aZ�ZAc8\RY[_Rw�bAY[dfw¸`zVCg#µo�'ifg'wh_Rgony_Rdfc'w?�[_Rdfc=`adS�*w¨Z�`WifZxbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Zvw[Zv`aY[_Rg�ºRZv`a_Rg5�[_Rg'Y[w�w[_RdS`
X-VCc'whifZAwhdfc=`aZAY[w¸`adfbAZAwhe+g?j dfifwhn�^ZAc-VC\RZAc=`(0#w[_RdS`hZAc8�'i�VC\RZAw��  ]bAdfifdS`adfe+g'ZAw¨bA_Rc=`aZAc-VCc=`KX'ZI�3Z�`adS`aw�\RYaVCdfc'w
X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z �¥�-\Rg'Y[Zxs#Q �=»��´QR²�VCc'w�ifZAwJ^ZAbz�-VCc=`adfifif_Rc'w�_/¡gJi�VIY[ZAbAY[dfw¸`zVCififdfwaV<`adf_RcqZAw¸`�`aYA¡ZAw¨�3_Rg'w[w#^ZAZ�0
ifZJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z$bA_Rc'w[ZAY¸ºRZyg'c'Z$�-VCY¸`adfZJX'Z$w[_Rc bNVCYaVCb�`N¡ZAY[Z$dfc=`aZAY[w¸`adfbAdfZAi��¥�-\Rg'Y[Zys#Q �����´Q?«Ig'ZAife+g'ZAw
^ZAbz�-VCc=`adfifif_Rc'wvX?j _RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZ$bA_Rc=`adfZAc'c'ZAc=`qg'c{�3ZAg{X?j _RifdSº#dfc'Z�03bAZAififZ´�¾bAd�ZAw¸`]w[g'�#�MVCg�`a_Rny_RY[�'�'Z



�§¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                  

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Clinopyroxénites  (63 échantillons)

Clinopyroxénites à Olivine (10 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène            

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Clinopyroxénites  (63 échantillons)

Clinopyroxénites à Olivine (10 échantillons)

�$	���� s#Q �R� ��°xdfw¸`a_R\RYaVCnynyZAwJny_Rc=`aYaVCc=`$ifZAw$�*Y#^ZAe+g'ZAc'bAZAwoX'Z��3_Rg'Y[bAZAc=`zVC\RZ�ZAc�_RifdSº#dfc'Z8Z�`¤bAifdfc'_<�
�=�#Y[_Nµ¶¡ZAc'Z:X-VCc'w�ifZAw�bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw �*ZAc�ºRZAY¸` �´Qx��c�\RY[dfw!�K�'dfw¸`a_R\RYaVCnynyZAw8Y[ZA�'Y#^ZAw[ZAc=`zVCc=`!ifZAw
�*Y#^ZAe+g'ZAc'bAZAwGX'Z$bA_Rc'bAZAc=`aYaV<`adf_Rc��3_Rg'Y�ikj ZAc'w[ZAnJ�'ifZ$X'ZAw���VCbAdk¡ZAw�X'Z¤�=�#Y[_Nµ�^ZAc'dS`aZAw�*bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0
_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZ�0:%hZA�'w¸`�^ZAY[dS`aZqZ�`�%hZA�'Y[ifdS`aZAw��-w[_Rg'w~�*_RY[nyZ�X'Z��-if_Rc�_Rg�X'Z]Y[g'�-VCc'ZAnyZAc=` �´Q

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Cpx Opx

Ol 

Orthopyroxénites 
Orthopyroxénites à Olivine
Pyroxénites sous forme de rubanement
Wehrlites 

�$	���� s#Q ��P ��²Id�VC\RYaVCnynyZ:Y[ZA�'Y#^ZAw[ZAc=`zVCc=`�ifZAw
bA_Rny�3_Rw[dS`adf_Rc'wvny_#X-VCifZAwIX'ZAw]e+g-V<`aY[Z$`¾�#�3ZAwqX'Z
�=�#Y[_Nµ�^ZAc'dS`aZAwGV<¬yZAg'YaVCc=`qw[_Rg'w��*_RY[nyZ$X'ZJ�-if_Rc'w
w[g'Y�ifZ�`aZAY[YaVCdfc �*bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0]_RY¸`a�'_R�=�=�
Y[_Nµ�^ZAc'dS`aZAw 0�%hZA�'w¸`�^ZAY[dS`aZAw8Z�` %hZA�'Y[ifdS`aZAw �¤Z�`8X'ZAw
�=�#Y[_Nµ�^ZAc'dS`aZAwqV<¬yZAg'YaVCc=`]w[_Rg'wI�*_RY[nyZJX'Z$Y[g'�-V5�
c'ZAnyZAc=`:X-VCc'w ifZ�w¸�#w¸`N¡ZAnyZ�`aZAY[c-VCdfY[Z�lIifdSº#dfc'Z
�klIi � ��Thifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z��kTh�Rµ � ��lIY¸`a�'_R�=�=�
Y[_Nµ¶¡ZAc'Z�klI�Rµ �´Q

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Cpx Opx

Pl 

Webstérites à Plagioclase
Webstérites 
Webstérites à Olivine
Clinopyroxénites 
Clinopyroxénites à Olivine

�$	���� s#Q �=s ��²Id�VC\RYaVCnynyZ{X-VCc'w!ifZ:w¸�#w¸`N¡ZAnyZ
`aZAY[c-VCdfY[Z ��i�VC\Rdf_#bAi�VCw[Z ����i � ��Thifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�kTh�Rµ � �JlIY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z �klI�Rµ ��Y[ZA�'Y#^ZAw[ZAc=`zVCc=`
ifZAwWbA_Rny�3_Rw[dS`adf_Rc'w�ny_#X-VCifZAwhX'ZAw %hZA�'w¸`�^ZAY[dS`aZAwJ¡V
�'i�VC\Rdf_#bAi�VCw[ZAwAQ



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� �*�

�$	���� s#Q �R� � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X?j _RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZo¡VG\RYaVCdfc'w�ny_��RZAc'w �*w[g'X�X'g
noVCw[w[dS��X'Z �#g'noV�j dfi 0¨^ZAbz�-VCc=`adfifif_Rc��R� � ��s��´Q

�$	���� s#Q �C� � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc�X?j _RYM�
`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZ�¡V$\RY[_Rw~\RYaVCdfc'w �*noVCw[w[dS�)X'Z �vV5�
&+�'i 0W^ZAbz�-VCc=`adfifif_Rc��R�
 � ��P��´Q

,u��8 �ì(/�)&�����"% � � !#���#�+Ä��Û�#��� ,-$8 �ì(/�)&�����"% � � !#�x�#��Ä��Ç�

�$	���� s#Q �=» �:²IZAg#µ�_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAw$X'g�noVCw[w[dS�~X'Z�+)df±A��¡V�`aZ´µ#`ag'Y[Z�X?j VCX'bAg'nJg'i�V<`Jny_Rc=`aYaVCc=`
ifZ�bNVCYaVCb�`N¡ZAY[Zqdfc=`aZAY[w¸`adS`adfZAi?X'g�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�kTh�Rµ �´Q3}"V$i�VCnyZ�X'Z]\=VCg'bz�'ZqbA_Rc=`adfZAc=`xX'ZAwxw[�'dfc'ZAififZAw
bz�'Y[_RnydS�M¡ZAY[ZAw � �#� �WZAc��3Z�`adS`awK\RYaVCdfc'wKw[g'�#�MVCg�`a_Rny_RY[�'�'ZAwAQ§}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ



� 2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#Q ��� � lIY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZ ¡V`aZ´µ#`ag'Y[Z
X'Z{Y[ZAbAg'dS`(0WZAc�Xh^ZA�'dS`�X'Z{i�V�Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc0
ifZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw�\=VCY[X'ZAc=`�ifZAg'Y bNVCYaVCb�`N¡ZAY[Z
dfc=`aZAY[w¸`adS`adfZAi �*noVCw[w[dS� X'Z WVC�'i�V 0�^ZAbz�-VCc=`adfifif_Rc
�R� � � s���� 05ifg'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_Rifw�bAY[_Rdfw#^ZAwAQ

�$	���� s#Q �=r ��lIY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZp¡V�_RifdSº#dfc'Z�¡V
\RY[_RwJ\RYaVCdfc'wJZ�`�¡V�`aZ´µ#`ag'Y[Z�X?j VCX'bAg'nJg'i�V<`J�-VCYM�
`adfZAififZAnyZAc=`GY[ZAbAY[dfw¸`zVCifdfw#^Z �*noVCw[w[dS�KX'Z �:g'e+�-VC�0
^ZAbz�-VCc=`adfifif_Rc8�R��� ��sC� 
 � 0�ifg'nydk¡ZAY[Zv�3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                  

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Orthopyroxénites  (17 échantillons)

Orthopyroxénites à Olivine (3 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Orthopyroxène            

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Orthopyroxénites  (17 échantillons)

Orthopyroxénites à Olivine (3 échantillons)

�$	���� s#Q �R| � °xdfw¸`a_R\RYaVCnynyZAw8ny_Rc=`aYaVCc=`�ifZAw8�*Y#^ZAe+g'ZAc'bAZAw�X'Z �3_Rg'Y[bAZAc=`zVC\RZ{ZAc�_RifdSº#dfc'Z �klIi �¤Z�`
_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z �klI�Rµ �¨X-VCc'whifZAw�_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAw �*ZAcoºRZAY¸` �´Q �¨_RdfY¨i�V]i�^ZA\RZAc'X'ZvX'Zxi�V��-\Rg'Y[Z�s#Q �R�
�3_Rg'YKifZAw~�'dfw¸`a_R\RYaVCnynyZAwWZAc�\RY[dfwAQ



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� � O

�$	���� s#Q ��� � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X'Z��-VCY[±A�'g'Y[\RdS`aZ�bA_Rc=`aZAc-VCc=` g'c �-if_Rc'Z�`�X'Z
%hZA�'w¸`�^ZAY[dS`aZ �*noVCw[w[dS�JX'Z ��VCYaVCnyd 08^ZAbz�-VCc=`adfifif_Rc
�=r�� � � ���´Q

�$	���� s#QSP��R� � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X'Z1%hZA�'w¸`�^ZAY[dS`aZ�¡V�\RY[_Rw�\RYaVCdfc'w 0�ifZ bNVCYaVCb�`N¡ZAY[Z
w[g'�#�MVCg�`a_Rny_RY[�'�'Z X'Z ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z
ZAw¸`
Xh^Z¾�5¡V$º#dfw[df�'ifZ �*noVCw[w[dS�)X'Z=�#g'noV�j dfi 0¨^ZAbz�-VCc=`adfifif_Rc
�=r � �����´Q

,u��8ä²>�&' '�� *I�#�"��% ºh'���²>��*I��4 % �Jíæ���/�)&�����"% � � !#�
�#�IÒ2ÒB

,-$8 °v��1#*I�V�"% �"� '�� *I�#�"��% º�'�� ²�������*+%Jí
���/�)&�����"% � � !#���#�IÒ9Á ��½

�$	���� s#QSP���P � ^��bz�-VCc=`adfifif_Rc'w�c'_Rc Xh^Z��*_RY[n�^ZAw�X'Z %hZA�'w¸`�^ZAY[dS`aZAw�¡V8`aZ´µ#`ag'Y[Z¤X?j VCX'bAg'nJg'i�V<`]ny_Rc=`aYaVCc=`
ifZ�bNVCYaVCb�`N¡ZAY[Z�`zVCY[X'dS�)X'g�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZCQ3}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ



�#$ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QSP��=s � ^��bz�-VCc=`adfifif_Rc c'_Rc
Xh^Z��*_RY[n�^Z
X'Z %hZA�'w¸`�^ZAY[dS`aZ ¡V \RY[_Rw�\RYaVCdfc'w ¡V `aZ´µ#`ag'Y[Z
X'Z n�^ZAw[_#bAg'nJg'i�V<`ny_Rc=`aYaVCc=`ifZ�bNVCYaVCb�`N¡ZAY[Z
�'Y#^ZAbA_#bAZ X'ZAw _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw:Z�` `zVCY[X'dS�yX'ZAw
_RifdSº#dfc'ZAw�Z�` bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw �*noVCw[w[dS�¤X'Z��#g#�
noV�j dfi 0~^ZAbz�-VCc=`adfifif_Rc �=r � �+r�� 0?ifg'nydk¡ZAY[ZG�3_Ri�V5�
Y[dfw#^ZAZ�0-c'dfbA_RifwWbAY[_Rdfw#^ZAwAQ

�$	���� s#QSP��R� � �:ZA�'w¸`�^ZAY[dS`aZ ¡V \RY[_Rw \RYaVCdfc'w
Xh^Z��*_RY[n�^ZAZ Z�` �-VCY¸`adfZAififZAnyZAc=` Y[ZAbAY[dfw¸`zVCififdfw#^ZAZ
�*noVCw[w[dS�8X'Z +)df±A�0{^ZAbz�-VCc=`adfifif_Rc��R� 	�� �R� 
-0
ifg'nydk¡ZAY[ZI�3_Ri�VCY[dfw#^ZAZ�0'c'dfbA_RifwWbAY[_Rdfw#^ZAwAQ

Z�`oV{`aZAc'X-VCc'bAZ�¡V{wAj dfc'bAifg'Y[Z�X-VCc'w¤ifZAw¤_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQWlIc _R�'w[ZAY¸ºRZ!��Qm» 
�¡V�» 
 X?j _R�-VCe+g'ZAw
X-VCc'wq`a_Rg�`aZAwGifZAwqi�VCnyZAw 0/bAZow[_Rc=`GX'ZAwGw[�'dfc'ZAififZAwqbz�'Y[_RnydS�M¡ZAY[ZAwqwaVCg��K�3_Rg'YqX'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w]e+g'd
bA_Rc=`adfZAc'c'ZAc=`�X'ZAwIw[g'iS�*g'Y[ZAwvX'Z 	��GZ�` ����¥`zVC�'ifZNVCg{s#QSP����3bAZAwIw[�'dfc'ZAififZAwxw[_Rc=`I`a_Rg5�[_Rg'Y[wvZAc!\RYaVCdfc'w
w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwqZ�`JZAc:dfc'bAifg'w[df_Rc�X-VCc'wqifZAwGVCg�`aY[ZAwG�'�-VCw[ZAwJnydfch^ZAYaVCifZAw �¥�-\Rg'Y[Z�s#Q �=»��´Q"}�j _RY[X'Y[Z
X'Z]bAY[dfw¸`zVCififdfwaV<`adf_RcoZAw¸`xX'_Rc'b¤� ©y( � �� � © �¶. � E=�¶. � �/,�(
Th_RnynyZ$�3_Rg'Y]ifZAw]bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0"ifZAw]�'Y[_R�3_RY¸`adf_Rc'w�nydfch^ZAYaVCifZAwIw[_Rc=`G�3ZAg ºCVCY[d�VC�'ifZAw 0?ZAififZAw

ºR_Rc=`IX'ZJ� 
 ¡VosC��
��3_Rg'YxifZAwx_RifdSº#dfc'ZAw 0-X'ZG��
 ¡V�P�� 
¹�3_Rg'YxifZAwxbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwvZ�`vX'Z$rR» 

¡V �R|�
¹�3_Rg'YxifZAwx_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw �¥�-\Rg'Y[ZJs#Q ��P��´Q3}/ZAwv�'dfw¸`a_R\RYaVCnynyZAw~ny_Rc=`aYaVCc=`vifZAw~�*Y#^ZAe+g'ZAc'bAZAw
X'Z�bA_Rny�3_Rw[dS`adf_Rc'wGny_#X-VCifZAw��¥�-\Rg'Y[Z�s#Q �R|��qny_Rc=`aY[ZAc=`¤e+g'Z�i�V!�'Y[_R�3_RY¸`adf_Rc�X?j _RifdSº#dfc'Z8ZAw¸`yifZ��'ifg'w
w[_Rg�ºRZAc=`Jdfc���^ZAY[dfZAg'Y[Z�¡V{P�� 
 Z�`qbAZAififZ$X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Zow[g'�h^ZAY[dfZAg'Y[Z!¡V �R� 
8Q"}"V��'Y[_R�3_RY¸`adf_Rc{X'Z
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z]ZAw¸`x`a_Rg5�[_Rg'Y[wKdfc���^ZAY[dfZAg'Y[Zo¡V�P�� 
8Q

�¨�#� ���+&)���)H�+4<�¥���#�
ThZ¤��VCbAdk¡ZAw]X'Z¤�=�#Y[_Nµ�^ZAc'dS`aZyZAw¸`Gg'c��3ZAg��'ifg'wqVC�3_Rc'X-VCc=`qe+g'Z¤bAZAifg'd�X'ZybAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ���P��=r

^ZAbz�-VCc=`adfifif_Rc'w�X'ZybAZ¤`¾�#�3Zy_Rc=` ^Z�`�^ZyY#^ZAbA_RiS`�^ZAw]w[g'Yqikj ZAc'w[ZAnJ�'ifZ¤X'Z¤ikj _R�'�'df_RifdS`aZCQ?ThZyw[_Rc=`GnoV��[_RY[dS`zVCd �
Y[ZAnyZAc=`yX'ZAwybAg'nJg'i�V<`aw!¡V{\RY[_Rw¤\RYaVCdfc'w �*X'Z!»{nyn�¡V�P��{nyn�qºR_RdfY[Z�X'ZAw¤�3ZA\RnoV<`adS`aZAw$X'_Rc=`oifZAw
bAY[dfw¸`zVCg#µ{V<`[`aZAdf\Rc'ZAc=`Ie+g'ZAife+g'ZAw]bAZAc=`adfn�¡Z�`aY[ZAwIX'ZJif_Rc'\Rg'ZAg'Y �¥�-\Rg'Y[ZAwqs#QSP���P�0?s#QSP��R�oZ�`qs#QSP��C� ���3w[g'Y
ikj ZAc'w[ZAnJ�'ifZ]X'ZAw�^ZAbz�-VCc=`adfifif_Rc'wKX'Z�%hZA�'w¸`�^ZAY[dS`aZ�03w[ZAg'ifw~X'ZAg#µ��'Y#^ZAw[ZAc=`aZAc=`�X'ZAwx\RYaVCdfc'wW�-c'wxX'Z]ikj _RY[X'Y[Z
X'gonydfififdfn�¡Z�`aY[ZCQ5}"V�`aZ´µ#`ag'Y[Zv�'Y[dfnoVCdfY[ZhZAw¸`he+g-VCw[dfnyZAc=`�`a_Rg5�[_Rg'Y[w¨g'c'Z~`aZ´µ#`ag'Y[ZxX?j VCX'bAg'nJg'i�V<`�Z�`�Z´µ+�
bAZA��`adf_Rc'c'ZAififZAnyZAc=`vg'c'Zq`aZ´µ#`ag'Y[ZJX'ZJn�^ZAw[_#bAg'nJg'i�V<` �¥�-\Rg'Y[ZAw]s#QSP���PGZ�`]s#QSP��=s��WnoVCdfwxZAififZ]�'Y#^ZAw[ZAc=`aZ
g'c'Z�Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc��'ifg'w$_Rg�ny_Rdfc'wG�3_Rg'w[w#^ZAZ�e+g'dW�3ZAg�`yV<¿¶ZAb�`aZAY$ifZo`a_C`zVCifdS`�^ZoX'Z�ikjM^ZAbz�-VCc=`adfifif_Rc
X'_Rc'c-VCc=`vVCif_RY[wKg'c'Z�`aZ´µ#`ag'Y[ZqX'Z]Y[ZAbAg'dS` �¥�-\Rg'Y[ZAwvs#QSP��R� 0§s#QSP��C�¤Z�`Is#QSP��=»��´Q



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� ���

�$	���� s#QSP��C� � �vc'bAdfZAc'c'Z��3ZA\RnoV<`adS`aZ X'Z
%hZA�'w¸`�^ZAY[dS`aZ:�*_RY¸`aZAnyZAc=`�Y[ZAbAY[dfw¸`zVCififdfw#^ZAZ �*noVCw[w[dS�
X'Z +)df±A�0y^ZAbz�-VCc=`adfifif_Rc �R� 	�� ��� 
 � 0hifg'nydk¡ZAY[Z
�3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#QSP��=» � �:ZA�'w¸`�^ZAY[dS`aZ�¡V�\RYaVCdfc'wGY[ZAi�V<`adSºRZ´�
nyZAc=`v�-c'wvZ�`y¡V¤`aZ´µ#`ag'Y[ZJX'ZGY[ZAbAg'dS` �*noVCw[w[dS��X'Z
+)df±A�0W^ZAbz�-VCc=`adfifif_Rc��R�
	��p�+»�� 0-ifg'nydk¡ZAY[ZI�3_Ri�V5�
Y[dfw#^ZAZ�0-c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

}/ZAw)_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw¨VC�'�-VCYaVCdfw[w[ZAc=`�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�ZAcJdfc'bAifg'w[df_Rc]X-VCc'w)ifZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw
�¥�-\Rg'Y[ZAw�s#QSP��=s¤Z�`]s#QSP���P�� 0-X-VCc'wIifZAwxe+g'ZAife+g'ZAw�^ZAbz�-VCc=`adfifif_Rc'wxbA_Rc=`aZAc-VCc=`IX'ZGikj _RifdSº#dfc'Z�0'_Rc!_R�'w[ZAY¸ºRZ
X'ZAw]Y[ZAi�V<`adf_Rc'wx`aZ´µ#`ag'YaVCifZAw]VNºRZAb¤ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z¤dfc'X'dfe+g-VCc=`�g'c'Z$bA_<�¾�'Y#^ZAbAdf�'dS`zV<`adf_Rc�X'Z¤bAZAw�X'ZAg#µ
�'�-VCw[ZAw �¥�-\Rg'Y[Z:s#QSP��=s��´QK��c=º#dfY[_Rc�ifZ{e+g-VCY¸`�X'ZAw�^ZAbz�-VCc=`adfifif_Rc'w8c'Z�bA_Rc=`adfZAc'c'ZAc=`��-VCw�X?j _R�-VCe+g'Z�0
ifZAw�VCg�`aY[ZAw�ZAc�bA_Rc=`adfZAc'c'ZAc=`�ny_Rdfc'w8X'Z�» 
8Q~ThZ w[_Rc=`�noV��[_RY[dS`zVCdfY[ZAnyZAc=`oX'ZAw�w[g'iS�*g'Y[ZAw�X'Z 	��
Z�`��� �*�3_Rg'Y�g'c'Z bAdfc'e+g-VCc=`zVCdfc'Z{X?jM^ZAbz�-VCc=`adfifif_Rc'w � 0W�'ifg'w�YaVCY[ZAnyZAc=`�X'ZAw�w[�'dfc'ZAififZAw�bz�'Y[_RnydS�M¡ZAY[ZAw
�*�3_Rg'Y�g'c'Z�º#dfc'\C`zVCdfc'Z{X?jM^ZAbz�-VCc=`adfifif_Rc'w �8Z�`�Z´µ�bAZA��`adf_Rc'c'ZAififZAnyZAc=` �*�3_Rg'Y�»�bNVCw ��X'ZAw��h^ZAnoV<`adS`aZAw
�¥ºR_RdfY�`zVC�'ifZNVCg¤s#QSP��´QR}/ZAw�w[�'dfc'ZAififZAw)w[ZW�'Y#^ZAw[ZAc=`aZAc=`hZAc$\RYaVCdfc'w)w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�ZAc¤dfc'bAifg'w[df_RcGX-VCc'w
ifZAw]_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwJZ�`qifZAwq_RifdSº#dfc'ZAw 0?�-VCY]bA_Rc=`aY[Z�0"ifZAw]�h^ZAnoV<`adS`aZAw]Z�`qifZAwqw[g'iS�*g'Y[ZAw]w[_Rc=`q`a_Rg5�[_Rg'Y[w
µ�^ZAc'_Rny_RY[�'�'ZAw�Z�`�w[ZK�'i�VCbAZAc=`�X-VCc'w�ifZAw)dfc=`aZAY[w¸`adfbAZAw�ZAc=`aY[ZKifZAw�bAY[dfw¸`zVCg#µJX?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0=X?j _RifdSº#dfc'Z
Z�`�X'ZhbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZCQ+lIcJ_R��`adfZAc=`�X'_Rc'bWikj _RY[X'Y[ZhX'ZWbAY[dfw¸`zVCififdfwaV<`adf_Rc�w[g'dSºCVCc=`K� ©y( � © �¶. � �� �
E=�¶. �5� �© �¨£ #
¯�Y[_Rdfw ^ZAbz�-VCc=`adfifif_Rc'w]X'Z %hZA�'w¸`�^ZAY[dS`aZobA_Rc=`adfZAc'c'ZAc=`JX'g:�'i�VC\Rdf_#bAi�VCw[Z �k» 
 ¡V�P�� 
�0"ºR_RdfY��-\Rg'Y[Z

s#Q �=s�� 03�3_Rg'YIifZAw�VCg�`aY[ZAwI�'�-VCw[ZAw]nydfch^ZAYaVCifZAw 0§ifZAwI�'Y[_R�3_RY¸`adf_Rc'wvw[_Rc=`IºCVCY[d�VC�'ifZAw �¥�-\Rg'Y[ZAwqs#Q ��P�0?s#Q �=s
Z�`Js#QSP������´Q/}"V��'Y[_R�3_RY¸`adf_Rc{X?j _RifdSº#dfc'ZGºCV�X'Zy� 
 ¡V��R� 
 noVCdfw�ZAififZJZAw¸`G\)^ZAch^ZAYaVCifZAnyZAc=`]��VCdf�'ifZ��
dfc���^ZAY[dfZAg'Y[Z$¡VyP�� 
8Q'ThZAififZxX'ZvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZxºCVqX'ZGP�� 
 ¡VG|R� 
 Z�`hdfc=ºRZAY[w[ZAnyZAc=`(0�bAZAififZxX?j _RY¸`a�'_<�
�=�#Y[_Nµ¶¡ZAc'ZqX'Z¤P5» 
�¡V¤|=» 
8Q-}/ZAw~�'dfw¸`a_R\RYaVCnynyZAwhY[ZA�'Y#^ZAw[ZAc=`zVCc=`vifZAwK�'Y[_R�3_RY¸`adf_Rc'wWnydfch^ZAYaVCif_R\Rdfe+g'ZAw
ifZAwJ�'ifg'wG�*Y#^ZAe+g'ZAc=`aZAw �¥�-\Rg'Y[Z�s#QSP������]ny_Rc=`aY[ZAc=`¤g'c'Z8bA_Rc'bAZAc=`aYaV<`adf_Rc�X'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�w[_Rg�ºRZAc=`
bA_Rny�'Y[dfw[Z�ZAc=`aY[Z=�R� 
ÀZ�`IrC� 
�Z�`xX?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGZAc=`aY[ZGsC� 
�Z�`v�R� 
8Q

�¨�#� ���#¦"4<(��¥���#�
²�VCc'w/ifZ�noVCc=`aZNVCg0NifZAw %hZA�'Y[ifdS`aZAw/Y[ZA�'Y#^ZAw[ZAc=`aZAc=`�i�V��*_RY[nyZ�X'Z��=�#Y[_Nµ�^ZAc'dS`aZ¨i�VW�'ifg'w/YaVCY[Z�X?jmlInoVCc$�

_Rcyc'ZxXh^ZAc'_RnJ�'Y[Zxe+g'ZGP��{^ZAbz�-VCc=`adfifif_Rc'w¨X'ZxbAZ~`¾�#�3ZCQ+½¾ifw¨w[_Rc=`W�'Y[dfc'bAdf�-VCifZAnyZAc=`��*_RY[n�^ZAw�X'ZxbAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZxZ�`�X?j _RifdSº#dfc'ZhZ�`�bA_Rc=`adfZAc'c'ZAc=`WVCbAbAZAw[w[_RdfY[ZAnyZAc=`�X'Z~ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZxZ�`´³<_Rg¤X'gy�'i�VC\Rdf_#bAi�VCw[ZCQ
Th_RnynyZo�3_Rg'YJifZAw$VCg�`aY[ZAwJ`¾�#�3ZAw¤X'Z��=�#Y[_Nµ�^ZAc'dS`aZ�0�ifZAg'Y[w$ny_#X'ZAwJX?j V<¬yZAg'Y[ZAnyZAc=`¤w[_Rc=`¤ZAc��-if_Rc'w 0



� � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène            

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Webstérites à Plagioclase (3 échantillons)

Webstérites  (78 échantillons)

Webstérites à Olivine (4 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Orthopyroxène            

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Webstérites à Plagioclase (3 échantillons)

Webstérites  (78 échantillons)

Webstérites à Olivine (4 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                  

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Webstérites à Plagioclase (3 échantillons)

Webstérites  (78 échantillons)

Webstérites à Olivine (4 échantillons)

�$	���� s#QSP������{°xdfw¸`a_R\RYaVCnynyZAwvny_Rc=`aYaVCc=`]ifZAwI�*Y#^ZAe+g'ZAc'bAZAwGX'Z¤�3_Rg'Y[bAZAc=`zVC\RZ¤ZAc�_RifdSº#dfc'Z�0¶bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'Z¤Z�`q_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZyX-VCc'w�ifZAw�%hZA�'w¸`�^ZAY[dS`aZAw�*ZAc{ºRZAY¸` �´Q��¨_RdfYIi�V8i�^ZA\RZAc'X'Z$X'Z¤i�Vo�-\Rg'Y[Zys#Q �R�
�3_Rg'YKifZAw~�'dfw¸`a_R\RYaVCnynyZAwWZAc�\RY[dfwAQ



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� �§ª

,u��8 �ì(/�)&�����"% � � !#���#�+Ä�������Ví�*I�#�"��% ºv'��$��% ��) ,-$8 �ì(/�)&�����"% � � !#��½#½�ÆÛã ��� �Cí$*I�#�"��% º^'��!.h�#'�% 6
	��C=>% �

�$	���� s#QSP��=r���+§VCbAZAw~w[bAd�^ZAZAwxX'Z]X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'wKX'Z�%hZA�'Y[ifdS`aZCQ

ch^ZNVCc'ny_Rdfc'w 0¨ifZAg'Y¤`aYaVCc'w[dS`adf_Rc VNºRZAb!ikj ZAc'bNVCdfw[waVCc=`8ZAw¸`8w[_Rg�ºRZAc=`��'Y[_R\RY[ZAw[w[dSºRZ �¥�-\Rg'Y[Z{s#QSP��=r��´Q�}/ZAw
�-if_Rc'w�X'Z %hZA�'Y[ifdS`aZKw[_Rc=`�`a_Rg5�[_Rg'Y[w¨VCw[w[ZA±x�-c'w 0=X'Z~ikj _RY[X'Y[Z~X'Z~e+g'ZAife+g'ZAw�bAZAc=`adfn�¡Z�`aY[ZAw�¡V�g'c'Z~X'df±NVCdfc'Z
X'ZybAZAc=`adfn�¡Z�`aY[ZAwGnoVCdfw�ifZAg'YGVC�3_Rc'X-VCc'bAZyw[g'YGg'c�V<¬yZAg'Y[ZAnyZAc=`JZAw¸`q`a_Rg5�[_Rg'Y[wqY[ZAi�V<`adSºRZAnyZAc=`q�*_RY¸`aZ
Z�`qdfifwIc'Z¤w[Z¤�'Y#^ZAw[ZAc=`aZAc=`~�aVCnoVCdfwIZAc �-if_Rc'w�dfw[_Ri�^ZAwAQ"ThZ¤w[_Rc=`qX'ZAwqbAg'nJg'i�V<`aw�X'_Rc=`qifZAw�\RYaVCdfc'w�w[_Rc=`
\)^ZAch^ZAYaVCifZAnyZAc=`hny_��RZAc'wq¡Vq\RY[_Rw �*ZAc=`aY[ZGPvnyn�Z�`IP��]nyn��Z�`W�'Y#^ZAw[ZAc=`zVCc=`Kg'c'Zx`aZ´µ#`ag'Y[ZvX?j VCX'bAg'nJg#�
i�V<`v_Rg!X'ZGn�^ZAw[_#bAg'nJg'i�V<` �¥�-\Rg'Y[ZAw]s#QSP��R|yZ�`]s#QSP������ 03i�V¤Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc�ZAw¸`I��VCdf�'ifZ�ºR_RdfY[Zq`a_Rg�`y¡V
��VCdS`Kdfc'Z´µ�dfw¸`zVCc=`aZCQ

�$	���� s#QSP���� � ^��bz�-VCc=`adfifif_Rc X'Z %hZA�'Y[ifdS`aZ
¡V
`aZ´µ#`ag'Y[Z�X?j VCX'bAg'nJg'i�V<`(0¨ny_Rc=`aYaVCc=`oifZ�bNVCYaVCb�`N¡ZAY[Z
`zVCY[X'dS��X'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw �*noVCw[w[dS��X'Z�°xdfiS`ad 0
^ZAbz�-VCc=`adfifif_Rc �=r ���q�R� ��� 0<ifg'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�05c'd �
bA_RifwKbAY[_Rdfw#^ZAwAQ

²�VCc'w8ifZAw ^ZAbz�-VCc=`adfifif_Rc'w{¡V�`aZ´µ#`ag'Y[ZAw�X?j VCX#�
bAg'nJg'i�V<`(0�ifZAw X'dS¿x^ZAY[ZAc=`aZAw��'�-VCw[ZAw:nydfch^ZAYaVCifZAw
�'Y#^ZAw[ZAc=`aZAc=`$X'ZAwGny_RY[�'�'_Rif_R\RdfZAwvµ�^ZAc'_Rny_RY[�'�'ZAw
VNºRZAb X'ZAw bA_Rc=`zVCb�`aw�_Rc'X'g'i�VCc=`aw dfc'X'dfe+g-VCc=`
g'c'Z$bAY[dfw¸`zVCififdfwaV<`adf_Rc�w[g'�#�¾bA_Rc=`aZAny�3_RYaVCdfc'ZAwIX'ZAw
bAY[dfw¸`zVCg#µ10JZ�`�X-VCc'w�ifZAw ^ZAbz�-VCc=`adfifif_Rc'w�¡V�`aZ´µ+�
`ag'Y[Z X'Z n�^ZAw[_#bAg'nJg'i�V<`(0qifZAw:bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw
w[Z��'Y#^ZAw[ZAc=`aZAc=`�ZAc��'i�VC\RZAw��  ]bAdfifdS`adfe+g'ZAw�VCg#�
`a_Rg'Y�X?j _RifdSº#dfc'ZAw�VCg�`a_Rny_R�'Y[�'ZAw��¥�-\Rg'Y[Z�s#QSP��R|��´Q
ThZA�3ZAc'X-VCc=`(0�e+g'ZAififZ e+g'Z w[_RdS`�i�V `aZ´µ#`ag'Y[Z
X'Z�ikjM^ZAbz�-VCc=`adfifif_Rc0vifZAw _RifdSº#dfc'ZAw{VC�'�-VCYaVCdfw[w[ZAc=`
`a_Rg5�[_Rg'Y[w ZAc \RYaVCdfc'w�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw ¡V
VCg�`a_Rny_RY[�'�'ZAw�ZAc dfc'bAifg'w[df_Rc X-VCc'w�ifZAw��=�=�
Y[_Nµ¶¡ZAc'ZAw �¥�-\Rg'Y[ZAw�s#QSP��R| Z�`8s#QSP������Jny_Rc=`aYaVCc=`
ifZAg'YxbNVCYaVCb�`N¡ZAY[ZG�'Y#^ZAbA_#bAZCQ?ThZAY¸`zVCdfc'ZAw,%hZA�'Y[ifdS`aZAw
bA_Rc=`adfZAc'c'ZAc=`�X'Z `aYA¡ZAw:��VCdf�'ifZAw�`aZAc'ZAg'Y[w�X?j _RYM�
`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�_Rg�X'Z��'i�VC\Rdf_#bAi�VCw[Z�0WifZ �'i�VC\Rdf_<�
bAi�VCw[Z~w[Zv�'Y#^ZAw[ZAc=`aZIVCif_RY[w¨ZAco�3Z�`adS`aw¨\RYaVCdfc'w�w[g'�#�



ª � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8 �ì(/�)&�����"% � � !#���#�+Ä�������Ví�*I�#�"��% ºv'��$��% ��) ,-$87±D�#�"��% ºv'��3²>��*I��4 % �Jí^���/�)&�����"% � � !#��½��+Ü����#��Ð

�$	���� s#QSP��R| �{²IZAg#µ{i�VCnyZAwInydfc'bAZAw�X'Z %hZA�'Y[ifdS`aZ�¡V8`aZ´µ#`ag'Y[Z¤X'Z$n�^ZAw[_#bAg'nJg'i�V<`Iº#g'ZAw]ZAc ifg'nydk¡ZAY[Z
`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�VNºRZAb�c'dfbA_Rifw¤bAY[_Rdfw#^ZAw¤ny_Rc=`aYaVCc=`yifZ�bNVCYaVCb�`N¡ZAY[Z�`zVCY[X'dS�IX'ZAwybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ
}�jM^ZAbz�-VCc=`adfifif_Rc �=s �	� sRsC|qZAw¸`Wg'c'Z,%hZA�'Y[ifdS`aZ$¡VG�'i�VC\Rdf_#bAi�VCw[Z�0CifZx�'i�VC\Rdf_#bAi�VCw[ZW�oVC�'�-VCYaV-9<S`�ZAc8�3Z�`adS`aw
\RYaVCdfc'wKw[g'�#�MVCg�`a_Rny_RY[�'�'ZAw~ZAc�dfc'bAifg'w[df_Rc�X-VCc'w~ifZAwKbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw

VCg�`a_Rny_RY[�'�'ZAw8ZAc�dfc'bAifg'w[df_Rc�X-VCc'w�ifZAw8bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw�Z�`��-VCY¸�*_RdfwoifZAw8_RifdSº#dfc'ZAw �¥�-\Rg'Y[Z s#QSP��R|��
`zVCc'X'dfw~e+g'ZGikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGZAw¸`I�'ifg�` 9_C`~`zVCY[X'dS� 0'w[ZG�'i�V��bNVCc=`xX-VCc'wvifZAw~dfc=`aZAY[w¸`adfbAZAwvZAc=`aY[ZqifZAwxbAY[dfwM�
`zVCg#µ�X'Z��'i�VC\Rdf_#bAi�VCw[Z�0�X?j _RifdSº#dfc'Z�Z�`8X'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZCQh}�j _RY[X'Y[Z�X'Z�bAY[dfw¸`zVCififdfwaV<`adf_Rc�ZAw¸`�X'_Rc'b��
©y( � � ( � E=�¶. � ��© �¶.
¯�_Rg'wKifZAwo^ZAbz�-VCc=`adfifif_Rc'w<%hZA�'Y[ifdS`aZAwWbA_Rc=`adfZAc'c'ZAc=`~X'ZAwK_R�-VCe+g'ZAwG¡VJg'c'Zv`aZAc'ZAg'YKdfc���^ZAY[dfZAg'Y[Z¤¡V¤» 
�0

bAZvw[_Rc=`h`a_Rg5�[_Rg'Y[w�X'ZAwhw[�'dfc'ZAififZAw¨bz�'Y[_RnydS�M¡ZAY[ZAw�waVCg��"�3_Rg'Y�g'cow[ZAg'ix^ZAbz�-VCc=`adfifif_Rc¤X'gonoVCw[w[dS�?X'Z +)df±A�0
ikjM^ZAbz�-VCc=`adfifif_Rc:�R��	��À�=� �$�3_Rg'YGifZAe+g'ZAi�bAZ8w[_Rc=`JX'ZAwJw[g'iS�*g'Y[ZAwGX'Z 	��8Z�` �� �¥`zVC�'ifZNVCg�s#QSP��´Q)}"V
�'Y[_R�3_RY¸`adf_Rc{X?j _RifdSº#dfc'ZGºCV�X'Zy�R� 
 ¡V�rRs 
�0/dfc=ºRZAY[w[ZAnyZAc=`GbAZAififZ$X'ZybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z$ºCV�X'ZosC� 

¡V �R� 
 �¥�-\Rg'Y[Z$s#Q ��PqZ�`�s#QSP��=r�� 0)¡VybAZAwvX'ZAg#µ��'�-VCw[ZAwIwAj V��[_Rg�`aZAc=`IX'ZG��
 ¡V8sC� 
¹X'Zq�'i�VC\Rdf_#bAi�VCw[Z
�¥�-\Rg'Y[ZGs#QSP��=r��hZ�`v� 
 ¡V�P�� 
�X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZCQ1�xc�`aYaVCdS`aZAnyZAc=`~w¸`zV<`adfw¸`adfe+g'Z�ZAc��'dfw¸`a_R\RYaVCnynyZ
w[g'Y$g'c�c'_RnJ�'Y[Z�VCg'w[w[dKY[ZAw¸`aY[ZAdfc=`¤X?jM^ZAbz�-VCc=`adfifif_Rc'wJc?j V!�-VCw¤X'Z�w[df\Rc'dS�-bNV<`adf_Rc:�-VCY¸`adfbAg'ifdk¡ZAY[Z�0)VCg'w[w[d 0
c?j V5� `¸�¾dfi¶�-VCw�^Z�`�^Z���VCdS`KdfbAdkQ

� ����� � � ��� 	 �,8:5 � �� � 0
	 ����� � 8 � 2�9 ��� � � � 	

�¨�#�y9:B/ "�#�y ¨L %����#,"45�#9:�#>3�5�
ThZqw[_Rc=`xg'c'Z�º#dfc'\C`zVCdfc'Z�X?jM^ZAbz�-VCc=`adfifif_Rc'wW�'Y#^ZAifZ�º¨^ZAwxX-VCc'w~ifZ�noVCc=`aZNVCg�X'Z]ikj _R�'�'df_RifdS`aZxX?jmlInoVCc?Q

½¾ifw8bA_RY[Y[ZAw[�3_Rc'X'ZAc=`�ZAw[w[ZAc=`adfZAififZAnyZAc=`�¡V:X'ZAw�c'dSºRZNVCg#µ bA_Rc'bA_RY[X-VCc=`aw�VCg ifdS`zVC\RZ�X'Z{i�V:�h^ZAY[dfX'_C`adS`aZ
_/¡g�i�V{bA_Rc'bAZAc=`aYaV<`adf_Rc X'Z��=�#Y[_Nµ¶¡ZAc'ZAw8ZAw¸`oc'Z�`[`aZAnyZAc=`ow[g'�h^ZAY[dfZAg'Y[Z�¡V i�V{bA_Rc'bAZAc=`aYaV<`adf_Rc X-VCc'wyifZAw
�-VCY[±A�'g'Y[\RdS`aZAw�ZAc=º#dfY[_Rc'c-VCc=`aZAwAQ �¥�-\Rg'Y[ZAw�s#QmrC|�Z�`�s#QSPRP����´QK}/ZAg'Y ^ZA�-VCdfw[w[ZAg'Y�ZAw¸`�`a_Rg5�[_Rg'Y[w8��VCdf�'ifZ�0
e+g'ZAife+g'ZAwxbAZAc=`adfn�¡Z�`aY[ZAwxVCg�noV5µ�dfnJg'n���ifZAg'Y~VC�3_Rc'X-VCc'bAZ]ZAw¸`vVCw[w[ZA±]ºCVCY[d�VC�'ifZInoVCdfwW\)^ZAch^ZAYaVCifZAnyZAc=`
�'ifg�` 9_C`q�*_RY¸`aZ�0�ifZAwqY[g'�-VCc'ZAnyZAc=`aw$X'Zo�=�#Y[_Nµ¶¡ZAc'Z�c'Zow[Z8�'Y#^ZAw[ZAc=`zVCc=`v�aVCnoVCdfw]dfw[_Ri�^ZAw�¥�-\Rg'Y[Z�s#QSPRP����´Q



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� ª D

�$	���� s#QSPRP�� ��²IZAg#µ�Z´µ�ZAny�'ifZAw~X'Z]Y[g'�-VCc'ZAnyZAc=`vX'Z]�=�#Y[_Nµ¶¡ZAc'ZGX-VCc'w~ifZ�noVCw[w[dS��X'Zq°vVN�#i�VN�#c?Q

}/ZAw]bA_Rc�`zVCb�`awGVNºRZAbyikj ZAc'bNVCdfw[waVCc=`]w[_Rc=`qw[_Rg�ºRZAc=`Jc'Z�`aw]noVCdfwIdfifwI�3ZAg�ºRZAc=`�9Z�`aY[Z¤�'Y[_R\RY[ZAw[w[dS�*w]e+g-VCc'X
i�VJbA_Rc'bAZAc=`aYaV<`adf_Rc�X'Z]�=�#Y[_Nµ¶¡ZAc'ZGZAw¸`xny_Rdfc'wW�*_RY¸`aZCQ
Th_Rny��`aZ `aZAc+g X'g�ny_#X'Z X?j V<¬yZAg'Y[ZAnyZAc=`(0vikjM^Z�`ag'X'Z�X'ZAw�_RY[dfZAc=`zV<`adf_Rc'w�X'Z:bAZAw�Y[g'�3ZAc'ZAnyZAc=`

wAj VC�'�-VCY[ZAc=`aZ�¡V$bAZAififZIX'g�ifdS`zVC\RZvX-VCc'w~ifZAwK�h^ZAY[dfX'_C`adS`aZAwKX?jmlInoVCc0'ZAififZIc?j V$X'_Rc'b]�-VCwKwaV¤�'i�VCbAZ�X-VCc'w
ifZ¤bNVCX'Y[ZoX'ZybAZy`aYaVNºCVCdfikQ/}/ZAw�^ZAbz�-VCc=`adfifif_Rc'w��'Y#^ZAifZ�º¨^ZAwG�'Y#^ZAw[ZAc=`aZAc=`¤X'ZAwG\RYaVCdfc'w��-c'w�¡V�ny_��RZAc'w �*X'Z
P]nyn ¡V�P��$nyn��#�-\Rg'Y[ZGs#QSPRPRP��hZ�`xX'ZAw~ifdS`a�'_Rif_R\RdfZAw¨`aYA¡ZAw~ºCVCY[d�^ZAZAwAQ

�¨�#�y;R%'45%-;C� ��+45�#� �$H�=��45B§2§45% �)¦���£?,"�#�

�$	���� s#QSPRPRP � +§VCbAZ8w[bAd�^ZAZ�X?j g'c�^ZAbz�-VCc=`adfifif_Rc:X'Z
%hZA�'w¸`�^ZAY[dS`aZ�¡Vy_RifdSº#dfc'ZqV<¬yZAg'YaVCc=`�w[_Rg'wx�*_RY[nyZqX'Z
Y[g'�-VCc'ZAnyZAc=` �*noVCw[w[dS��X'Z¤°vVN�#i�VN�#c0v^ZAbz�-VCc=`adfifif_Rc
�=r ��� � � �´Q

}�j _R�'w[ZAY¸ºCV<`adf_Rc¹ZAc¹i�VCnyZ�nydfc'bAZ��3ZAY[nyZ�`
X'Z�ºR_RdfY$e+g?j g'c'Z��3_Rc'c'Z��-VCY¸`adfZ�X'ZAw$`¾�#�3ZAwyX'Z
�=�#Y[_Nµ�^ZAc'dS`aZAwx�'Y#^ZAb3^ZAX'ZAnynyZAc=`xXh^ZAbAY[dS`awKZ´µ�dfw¸`aZAc=`
^ZA\=VCifZAnyZAc=`ow[_Rg'wo�*_RY[nyZ�X'Z!Y[g'�-VCc'ZAnyZAc=`NQh}/Z
��VCbAdk¡ZAw"X'Z<%hZA�'Y[ifdS`aZ�ZAw¸`�VC�'w[ZAc=`�bAZA�3ZAc'X-VCc=`�`zVCc#�
X'dfw�e+g?j VC�'�-VCYaVCdfw[w[ZAc=`�X'ZAg#µ�VCg�`aY[ZAw�`¾�#�3ZAw�X'Z
�h^ZAY[dfX'_C`adS`aZAw�Y[ZAi�V<`adSºRZAnyZAc=`�Y[dfbz�'ZAw¨ZAcy�=�#Y[_Nµ¶¡ZAc'Z
e+g'd$c?j V<¬yZAg'Y[ZAc=`��aVCnoVCdfw!w[_Rg'w{�*_RY[nyZ�X'Z����
if_Rc��$�-VCY[nyd8ifZAw�P-� ^ZAbz�-VCc=`adfifif_Rc'w�Y#^ZAbA_RiS`�^ZAw 0
_Rc Xh^ZAbA_Rny��`aZ g'c'Z bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ�0 bAdfc'e
_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'_RifdS`aZAw�X'_Rc=`�`aY[_Rdfw�bA_Rc=`adfZAc'c'ZAc=`
X'Z�ikj _RifdSº#dfc'Z�0��+g'dS` %hZA�'w¸`�^ZAY[dS`aZAw�X'_Rc=`�w[ZA��`
bA_Rc=`adfZAc'c'ZAc=`yX'Z�_RifdSº#dfc'Z�0"`aY[_RdfwJif�'ZAY[±A_RifdS`aZAwGZ�`
X'ZAg#µ��-VCY[±A�'g'Y[\RdS`aZAwAQ
}/ZAwG`aZ´µ#`ag'Y[ZAw$w[_Rc=`$X'ZAwG`aZ´µ#`ag'Y[ZAw$X?j VCX'bAg#�

nJg'i�V<`�_Rg�X'Z�n�^ZAw[_#bAg'nJg'i�V<`��'Y#^ZAw[ZAc=`zVCc=`!X'd �
ºRZAY[wWX'ZA\RY#^ZAwhX'ZvY[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc0<i�V]Y[ZAbAY[dfw¸`zVCi �
ifdfwaV<`adf_Rc¤�3ZAg�` 9Z�`aY[Zx`a_C`zVCifZ~Z�`WifZAwhi�VCnyZAw�w[ZI�'Y#^ZAw[ZAc=`aZAc=`xVCif_RY[w�bA_RnynyZ~X'ZAwWny_RwaV(; <fe+g'ZAwhX'ZvbAY[dfw¸`zVCg#µ
¡VIbA_Rc=`zVCb�`aw¨�'i�VCc'w�Z�`¶�[_Rc'b�`adf_Rc'w)`aY[df�'ifZAwx¡VJP5sC��� �¥�-\Rg'Y[Zxs#QSPRP5»��´QR²�VCc'w�ifZAwJ^ZAbz�-VCc=`adfifif_Rc'w)e+g'd-c'ZKw[_Rc=`
�-VCw~`a_C`zVCifZAnyZAc=`xY[ZAbAY[dfw¸`zVCififdfw#^ZAw 0-ifZ]bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZGw[Zq�'Y#^ZAw[ZAc=`aZG`a_Rg5�[_Rg'Y[wxZAc!�'i�VC\RZAw~�  ]bAdfifdS`adfe+g'ZAw



ª§¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QSPRP5s � ^��bz�-VCc=`adfifif_Rc X'Z�%hZA�'w¸`�^ZAY[dS`aZ ¡V
_RifdSº#dfc'ZÀ¡V `aZ´µ#`ag'Y[Z X?j VCX'bAg'nJg'i�V<`�V<¬yZAg'YaVCc=`
w[_Rg'w��*_RY[nyZ�X'Z�Y[g'�-VCc'ZAnyZAc=`{w[g'Y�ifZ�`aZAY[YaVCdfc
�*noVCw[w[dS�JX'Z:°xdfiS`ad 0o^ZAbz�-VCc=`adfifif_Rc �=r ����sC� 
 � 0
ifg'nydk¡ZAY[ZI�3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#QSPRP�� � �)µ�ZAny�'ifZÀX?jM^ZAbz�-VCc=`adfifif_Rc X'Z
�-VCY[±A�'g'Y[\RdS`aZ�¡V�`aZ´µ#`ag'Y[Z�X'Z8n�^ZAw[_#bAg'nJg'i�V<`JV<���
--ZAg'YaVCc=`xw[_Rg'wK�*_RY[nyZIX'Z�Y[g'�-VCc'ZAnyZAc=` �*noVCw[w[dS�
X'Z=��VCYaVCnyd 0�^ZAbz�-VCc=`adfifif_Rc �=r�� �ÀP5» ���´Q

�$	���� s#QSPRPN� � ^��bz�-VCc=`adfifif_Rc X?j _RY¸`a�'_R�=�=�
Y[_Nµ�^ZAc'dS`aZ ¡V _RifdSº#dfc'Z�¡V `aZ´µ#`ag'Y[Z X?j VCX'bAg'nJg'i�V<`
w[Z��'Y#^ZAw[ZAc=`zVCc=` ZAc�Y[g'�-VCc'ZAnyZAc=`��*noVCw[w[dS��X'Z
°vVN�#i�VN�#c0W^ZAbz�-VCc=`adfifif_Rc��R������P�| ���´Q

�$	���� s#QSPRP5» � ^��bz�-VCc=`adfifif_Rc X'Z %hZA�'w¸`�^ZAY[dS`aZ
¡V�_RifdSº#dfc'Z�¡VÀ`aZ´µ#`ag'Y[Z X'Z�Y[ZAbAg'dS` V<¬yZAg'YaVCc=`
w[_Rg'w¨�*_RY[nyZKY[g'�-VCc'ZAnyZAc=`��*noVCw[w[dS�¶X'Z �#g'noV�j dfi 0
^ZAbz�-VCc=`adfifif_Rc �=» � P5»C|��´Q

ZAc'\Rif_R�-VCc=`x_RifdSº#dfc'Z�Z�`v_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z �¥�-\Rg'Y[ZJs#QSPRP5s703s#QSPRP��¤Z�`�s#QSPRPN� �WX'_Rc'c-VCc=`vg'c'Z]`aZ´µ#`ag'Y[ZGX'Z
n�^ZAw[_#bAg'nJg'i�V<`vVCg#�¾X'ZAiM¡V$X?j g'c'ZGbAZAY¸`zVCdfc'Zq�'Y[_R�3_RY¸`adf_Rc�X'ZGbAZqnydfch^ZAYaVCikQ-}/ZAwv_RifdSº#dfc'ZAwKw[_Rc=`x`a_Rg5�[_Rg'Y[w
w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwKZ�`KZAc�dfc'bAifg'w[df_RcoX-VCc'wKifZAwWbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw~Z�`~_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw �¥�-\Rg'Y[ZAwxs#QSPRP��
Z�`os#QSPRPN� �´Q���c��-c0�ifZAw$_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwow[_Rc=`¤ZAc dfc'bAifg'w[df_Rc�X-VCc'w¤ifZAw$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw¤noVCdfwGZAc#�
\Rif_R�3ZAc=`KifZAwK_RifdSº#dfc'ZAw���X-VCc'w~ifZAwKi�VCnyZAwW�-VCY¸`adfZAififZAnyZAc=`WY[ZAbAY[dfw¸`zVCififdfw#^ZAZAw 0�bAZ�w[_Rc=`xbAZAw~nydfch^ZAYaVCg#µ�e+g'd
w[_Rc=`¨�'Y[dfc'bAdf�-VCifZAnyZAc=`�V<¿¶ZAb�`�^ZAw��-VCY�i�VvY[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc?Q5}/ZAw�ny_#X'ZAw�X'Zh�*_RY[noV<`adf_Rc'w)X'ZWbAZAw�Y[_#bz�'ZAw
^Z�`zVCc=`$VCw[w[ZA±8noVCi¨bA_Rc'c+g'w 0)dfi¨ZAw¸`JX'd�ybAdfifZ¤X'Zo�-VCY[ifZAYqX'Z8bAg'nJg'i�V<`qZ�`JX?j _RY[X'Y[ZoX'ZobAY[dfw¸`zVCififdfwaV<`adf_Rc
�3_Rg'Y�ifZAw"Y[g'�-VCc'ZAnyZAc=`awAQC��c'bA_RY[Zhg'c'Z��*_Rdfw 0�ikj _RY[df\Rdfc'Z�Y#^ZAw[dfX'g'ZAififZ¨_RgqbAg'nJg'i�V<`adSºRZ¨X'ZAw)_RifdSº#dfc'ZAw/Z�`�X'ZAw
_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwqZAw¸`�w[g5�[Z�`[`aZ!¡V8Xh^ZA�-V<`(0¶�-VCYIbA_Rc=`aY[Z�0?ikj �-VC�'dS`ag'wvX'ZAw]bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw�dfc'X'dfe+g'ZJg'c'Z
_RY[df\Rdfc'ZG�'ifg�` 9_C`IbAg'nJg'i�V<`adSºRZJZ�`]_Rc{�3ZAg�`]X'_Rc'c'ZAY�ikj _RY[X'Y[ZJX?j VC�'�-VCY[dS`adf_Rc!X'ZAw�nydfch^ZAYaVCg#µ!w[g'dSºCVCc=`$�



¢ " $ �¨�#� � �/45B#.GH�#>��¥���#�J�=�����#¦"4<(��¥���#� ª*�

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène            

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Pyroxénites sous forme de rubanement (17 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Orthopyroxène            

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Pyroxénites sous forme de rubanement (17 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                  

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
ti

ll
on

Famille des pyroxénites (205 échantillons)

Pyroxénites sous forme de rubanement (17 échantillons)

�$	���� s#QSPRP-� � °xdfw¸`a_R\RYaVCnynyZAwony_Rc=`aYaVCc=`�ifZAw8�*Y#^ZAe+g'ZAc'bAZAw�X'Z{�3_Rg'Y[bAZAc=`zVC\RZ{ZAc�_RifdSº#dfc'Z�0¨bAifdfc'_<�
�=�#Y[_Nµ¶¡ZAc'Z�Z�`y_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�X-VCc'wyifZAw$�=�#Y[_Nµ�^ZAc'dS`aZAw8V<¬yZAg'YaVCc=`ow[g'Y¤ifZ8`aZAY[YaVCdfc�w[_Rg'w¤�*_RY[nyZ�X'Z
Y[g'�-VCc'ZAnyZAc=` �*ZAc�ºRZAY¸` �´Q �¨_RdfYWi�V$i�^ZA\RZAc'X'Z�X'Z]i�VJ�-\Rg'Y[ZGs#Q �R�$�3_Rg'YKifZAwK�'dfw¸`a_R\RYaVCnynyZAwWZAc�\RY[dfwAQ



ª 2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8"�&�#/0��/��#�"������ ,-$8"�&�#/0�.�"/0%0����

,u/�8 ,u'&8

�$	���� s#QSPRP5r � ^��bz�-VCc=`adfifif_Rc X'Zy\=VC�'�'Y[_�¡V�_RifdSº#dfc'Z�¡V�\RYaVCdfc'wI�-c'wqbA_Rc=`aZAc-VCc=`Jg'c'Z¤ºRZAdfc'ZyY[dfbz�'Z¤ZAc
VCny�'�'df�3_RifZAw �*noVCw[w[dS�~X'Z �vV &+�'i 0G^ZAbz�-VCc=`adfifif_Rc ���  ���R| ���´Q � ��� �  ��
��!� �¨g'ZAw¤X?j g'c'Z�bNVCw[w[g'Y[Z
�*YaV-9<fbz�'ZJZ�`�X?j g'c'ZJ��VCbAZJw[bAd�^ZAZCQ�������  �����y�?²IZAg#µ!i�VCnyZAwvnydfc'bAZAwIX'ZJikjM^ZAbz�-VCc=`adfifif_Rc���VCdS`aZAwvX-VCc'w�i�V
ºRZAdfc'Z]Y[dfbz�'Z]ZAc�VCny�'�'df�3_RifZAw �*ifg'nydk¡ZAY[Zv`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAw �´Q



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� ª O

,u��8"�&�#/0���"/0%0�����'��A�J45���/�)&�����"% � � !#� ,-$8:� ��*+�.*+% �&/0�#í$� ��*+%JÀ���"�A�"�����&��*+%?���.�$!#�?���"%?������#í
��%?/0!#�?�7/0�"!#%?������

�$	���� s#QSPRP�| � ^��bz�-VCc=`adfifif_Rc�X?j VCny�'�'df�3_Rif_RifdS`aZ:VCw[w[_#bAd�^Zp¡V�ikjM^ZAbz�-VCc=`adfifif_RcpX'Z \=VC�'�'Y[_À¡V�_RifdSº#dfc'Z
�'Y#^ZAw[ZAc=`�^ZGw[g'Y~i�VG�-\Rg'Y[ZAwIs#QSPRP5r �*noVCw[w[dS�)X'Z �vV &+�'i 0h^ZAbz�-VCc=`adfifif_Rc ���
 ���R| 
 �´Q

©y( � © �¶. � E=�¶.
¯�_Rg'w~ifZAw8^ZAbz�-VCc=`adfifif_Rc'wWX'Z]�=�#Y[_Nµ�^ZAc'dS`aZ]ZAc�Y[g'�-VCc'ZAnyZAc=`xY#^ZAbA_RiS`�^ZAwKZAc�lInoVCc�bA_Rc=`adfZAc'c'ZAc=`xg'c'Z

��VCdf�'ifZ$�'Y[_R�3_RY¸`adf_Rc X?j _R�-VCe+g'ZAw �*ny_Rdfc'w�X'Z8» 
 � 0"waVCg��Wg'c0"ikjM^ZAbz�-VCc=`adfifif_Rc �R� ��� P�| � 0"e+g'd¨c?j ZAc
bA_Rc=`adfZAc=`I�-VCwAQ?ThZJw[_Rc=`Iw¸�#w¸`�^ZAnoV<`adfe+g'ZAnyZAc=`IX'ZAwIw[�'dfc'ZAififZAwxbz�'Y[_RnydS�M¡ZAY[ZAw �¥`zVC�'ifZNVCg!s#QSP��´Q¶}/ZAwv�'Y[_<�
�3_RY¸`adf_Rc'w¤nydfch^ZAYaVCifZAw$w[_Rc=`y`aYA¡ZAwyºCVCY[d�VC�'ifZAw �¥�-\Rg'Y[ZAw�s#Q ��P�Z�`�s#QSPRP-���GbNVCYyifZ�bAY[dS`N¡ZAY[Z�g�`adfifdfw#^Z��3_Rg'Y
bAi�VCw[w[ZAYIbAZAwIY[g'�-VCc'ZAnyZAc=`awIX-VCc'wIg'c!n 9ZAnyZqw[_Rg'wM�¾\RY[_Rg'�3ZJZAw¸`�ifZAg'Yxny_#X'ZGX?j V<¬yZAg'Y[ZAnyZAc=`�Z�`Ic'_Rc
ifZAg'YWifdS`a�'_Rif_R\RdfZCQ#}/ZI`zVCg#µ�X?j _RifdSº#dfc'ZxºCV$X'Zq� 
�¡V¤|R� 
�0-bAZAifg'd?X'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z]X'Z]� 
�¡V �R� 

Z�`xbAZAifg'd?X?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGX'Z¤P�� 
 ¡V ��� 
8Q

� ��� � ��� �	� �
��� � �	� � ����

� � ? ��� � ����� � ;�=�032 5@465@430
	 ���

�¨�#�y9:B/ "�#�y ¨L %����#,"45�#9:�#>3�
Tvj ZAw¸`�g'c¤��VCbAdk¡ZAw�YaVCY[ZKZAcolInoVCc0Cw[ZAg'ifw¨e+g-V<`aY[ZW�-if_Rc'w�_Rc=`$^Z�`�^Z8^ZAbz�-VCc=`adfifif_Rc'ch^ZAw�X-VCc'w¨ikj _R�'�'df_RifdS`aZ

Z�`q`aY[_Rdfw�X?j ZAc=`aY[ZoZAg#µ�w[_Rc=`JVCw[w[_#bAd�^ZAw�¡V�X'ZAw]�-if_Rc'w]X'Zy\=VC�'�'Y[_�¡V�_RifdSº#dfc'Z$_Rg�X'Z¤`aY[_#b�`a_RifdS`aZJe+g?j dfifw
Y[ZAbA_Rg'�3ZAc=`]ZAc g'c'Z$_Rg!�'ifg'w[dfZAg'Y[wvºRZAdfc'Z��*w �IY[dfbz�'Z��*w �xZAc�VCny�'�'df�3_RifZAw �¥�-\Rg'Y[Z¤s#QSPRP5r��´Q¶}/Z$noVC\RnoV
¡V�ikj _RY[df\Rdfc'ZGX'ZAwGVCny�'�'df�3_Rif_RifdS`aZAw~ZAw¸`GX'_Rc'b$`zVCY[X'dS��Y[ZAi�V<`adSºRZAnyZAc=`8¡V�bAZAifg'd�e+g'd�ZAw¸`�¡V�ikj _RY[df\Rdfc'ZqX'ZAw
\=VC�'�'Y[_RwG¡V¤_RifdSº#dfc'ZvZ�`xX'ZAwK`aY[_#b�`a_RifdS`aZAwAQ ��^ZNVCc'ny_Rdfc'w 0�ifZAw~Y[ZAi�V<`adf_Rc'wWZAc=`aY[Z��-if_Rc'wKc'Z]w[Z]�'Y#^ZAw[ZAc=`aZAc=`
�-VCw$bA_RnynyZog'c'Z��*YaVCb�`ag'Y[Z8c'Z�`[`aZ �*bA_RnynyZ8VCg��3_Rdfc=`8���  � �R|!_/¡g�_Rc�c'_C`aZ�g'c'Z��3ZAififZoºRZAdfc'Z
bAZAc=`adfn�^Z�`aY[dfe+g'ZJ¡V]VCny�'�'df�3_RifZWX-VCc'w¨ifZK\=VC�'�'Y[_�¡V�_RifdSº#dfc'ZWe+g'd§w[ZK`aYaVCc'w¸�*_RY[nyZKZAc8VCny�'�'df�3_Rif_RifdS`aZ¨g'c
�3ZAg!�'ifg'wvif_Rdfc0'�-\Rg'Y[ZAw]s#QSPRP5r¤Z�`]s#QSPRP�| � ��� �KZ�`IX'ZAw�VCny�'�'df�3_RifZAw~bAY[dfw¸`zVCififdfw[ZAc=`xZAc!dfny�'Y#^ZA\Rc-V<`adf_Rc
X-VCc'wIifZAwI\=VC�'�'Y[_Rwy¡Vo_RifdSº#dfc'Zq_Rg{ifZAwv`aY[_#b�`a_RifdS`aZAw �¥�-\Rg'Y[Z¤s#QSPRP5r��~ny_Rc=`aYaVCc=`Ie+g'Z$w[d)i�VobAdfY[bAg'i�V<`adf_Rc



ª#$ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QSPRP-� � ^��bz�-VCc=`adfifif_Rc�X?j VCny�'�'df�3_Rif_RifdS`aZ
¡V `aZ´µ#`ag'Y[Z �*_RY¸`aZAnyZAc=`�Y[ZAbAY[dfw¸`zVCifdfw#^ZAZ�bA_Rc=`aZ´�
c-VCc=`¤X'ZAw$Y[ZAifdfe+g'ZAw$X?j _RifdSº#dfc'ZAwGZ�`¤X'Z�bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZAw��*noVCw[w[dS�§X'g8��VCX'd �¾¯)VN�#dfc0�^ZAbz�-VCc=`adfifif_Rc
�R� ���p�R���´Q

�$	���� s#QSP5sC� ���)µ�ZAny�'ifZ X?j g'c'Z X'd�VC�-VCw[Z X'g
noVCw[w[dS�~X'Z ��VCnoVCX ��^ZAbz�-VCc=`adfifif_Rc��R� �	� �'P � 0
ifg'nydk¡ZAY[ZW`aYaVCc'w[nydfw[ZK�3_Ri�VCY[dfw#^ZAZ�0Rc'dfbA_Rifw�bAY[_Rdfw#^ZAw �´Q

X'g�noVC\RnoV:�=�#X'YaV<`�^Z:VN�=VCc=`�bAY[dfw¸`zVCififdfw#^Z�ifZAw�VCny�'�'df�3_RifZAwoZAw¸`�`zVCY[X'dS� 0hZAififZ!wAj ZAw¸`���VCdS`aZ{X-VCc'w�g'c
ZAc=º#dfY[_Rc'c'ZAnyZAc=`~`a_Rg�`xX'Z]n 9ZAnyZ�ZAc'bA_RY[Z]bz�-VCg'X?Q

�¨�#�y;R%'45%-;C� ��+45�#� �$H�=��45B§2§45% �)¦���£?,"�#�
ThZAwJVCny�'�'df�3_Rif_RifdS`aZAwvw[_Rc=`(0"�-VCYqXh^Z��-c'dS`adf_Rc0?X'ZAwGY[_#bz�'ZAwq�*_RY[n�^ZAZAw]ZAw[w[ZAc=`adfZAififZAnyZAc=`GX?j VCny�'�'d �

�3_RifZAw 0~ZAififZAw�bA_Rc=`adfZAc'c'ZAc=`{e+g'ZAife+g'ZAw{�3_Rg'YM�¾bAZAc=`!X'Z:�'i�VC\Rdf_#bAi�VCw[Z�0WX'Z:bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0vX?j _RifdSº#dfc'Z
Z�`´³<_Rg�X?j _R�-VCe+g'Z ��X'ZAwow[g'iS�*g'Y[ZAwyX'Z�	���Z�` ��G�3_Rg'Y¤X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w$Z�`oX'ZAwodfifn�^ZAc'dS`aZAwJZ�`
�h^ZAnoV<`adS`aZAw~X-VCc'wvifZAwxX'ZAg#µ!VCg�`aY[ZAwxbNVCw ��noVCdfwK`a_Rg5�[_Rg'Y[w$¡VyX'ZAw~`zVCg#µ�dfc���^ZAY[dfZAg'Y[wJ¡V8» 
8Q¶}"V$`zVCdfififZ
X'Z�ifZAg'Y[w¤\RYaVCdfc'w¤ZAw¸`yºCVCY[d�VC�'ifZ�VCg�w[ZAdfc X?j g'c�n 9ZAnyZ��-if_Rc0�VCifi�VCc=`¤X'Z�ny_Rdfc'w$X'Z�P�nyn�¡V��'ifg'w
X'Z¤sy_Rg{� � �{Q3¯�Y[_Rdfw�^ZAbz�-VCc=`adfifif_Rc'wx�'Y#^ZAw[ZAc=`aZAc=`]X'ZAwv`aZ´µ#`ag'Y[ZAw�X?j VCX'bAg'nJg'i�V<` �¥�-\Rg'Y[Z¤s#QSPRP�|y� �~Z�`
ifZoe+g-V<`aY[dk¡ZAnyZyZAw¸`J`aYA¡ZAwJY[ZAbAY[dfw¸`zVCififdfw#^Z �¥�-\Rg'Y[Z�s#QSPRP-���´Q ��VCif\RY#^Zoi�V�Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc0?ifZAwGY[ZAi�V<`adf_Rc'w
`aZ´µ#`ag'YaVCifZAwWZAc=`aY[ZIifZAwWVCny�'�'df�3_RifZAw�Z�`KifZAwWVCg�`aY[ZAwW�'�-VCw[ZAwKnydfch^ZAYaVCifZAw¨Y[ZAw¸`aZAc=`Kº#dfw[df�'ifZAwv�#ifZAwWVCny�'�'d �
�3_RifZAwhZAc'\Rif_R�3ZAc=`Ww¸�#w¸`�^ZAnoV<`adfe+g'ZAnyZAc=`~ifZAwWVCg�`aY[ZAwWnydfch^ZAYaVCg#µony_Rc=`aYaVCc=`We+g?j ZAififZAwhw[_Rc=`~VC�'�-VCY[g'ZAwG¡V
i�Vqw[g'dS`aZIX'ZIbAZAwKX'ZAY[c'dfZAY[wAQ'�)VCYWVCdfififZAg'Y[w 0+ifZAwh�'Y[_R�3_RY¸`adf_Rc'whX'ZI�'i�VC\Rdf_#bAi�VCw[Z�0=_RifdSº#dfc'Z�0+bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
Z�`v_R�-VCe+g'ZAwvw[_Rc=`x`a_Rg5�[_Rg'Y[w~`aY[_R����VCdf�'ifZAwK�3_Rg'Yx�3_Rg�ºR_RdfY~_R�'w[ZAY¸ºRZAYvifZAwxY[ZAi�V<`adf_Rc'wW`aZ´µ#`ag'YaVCifZAwxZAc=`aY[Z
bAZAwxbAY[dfw¸`zVCg#µ10-_Rc�VCY[Y[dSºRZ�X'_Rc'b8¡V¤ikj _RY[X'Y[Z�X'Z]bAY[dfw¸`zVCififdfwaV<`adf_Rcyw[g'dSºCVCc=`q�
� � � ( �§©y( �§E=�¶. �§© �¨£ # � � 9 "

� � ? � � � ��� � 069<2�9 �.���

²IZAw¨�-if_Rc'w�X'ZxX'd�VC�-VCw[ZxY[ZAbA_Rg'�3ZAc=`h`aYA¡ZAwhi�VCY[\RZAnyZAc=`�VCgow[_RnynyZ�`�X'Zxi�V]w[ZAb�`adf_RconoVCc=`aZAifi�VCdfY[ZWX'Z
ikj _R�'�'df_RifdS`aZ�X?jmlInoVCc05dfifw"w[_Rc=`�w[_Rg�ºRZAc=`¨VCw[w[_#bAd�^ZAw~¡VxX'Zh\RYaVCc'X'ZAw)±A_Rc'ZAw)X'Z���VCdfififZAw/Z�`)w[_Rc=`�bA_Rc'w[dfXh^ZAY#^ZAw
bA_RnynyZ�Y#^ZAw[g'iS`zVCc=`)X?jM^ZA�'dfw[_#X'ZAw)noVC\RnoV<`adfe+g'ZAw/`zVCY[X'dS�*wAQ5½¾ifw�_Rc=`�X'_Rc'bhdfbAd�^Z�`�^Z�`aYA¡ZAw)�3ZAg:^ZAbz�-VCc=`adfifif_Rch^ZAw
Z�`�w[ZAg'ifZAnyZAc=`�e+g-V<`aY[Z ^ZAbz�-VCc=`adfifif_Rc'wy_Rc=` ^Z�`�^Z{Y#^ZAbA_RiS`�^ZAwAQh½¾ifw8VC�'�-VCYaVCdfw[w[ZAc=`�\)^ZAch^ZAYaVCifZAnyZAc=`�w[g'Y8ifZ



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� ª��

�$	���� s#QSP5s#P �À½¾c=`aY[g'w[df_Rc¹Xh^ZAbNVCn�^Z�`aY[dfe+g'Z�X'Z
`aY[_Rc'X'�5�#^ZAnydS`aZ �*noVCw[w[dS�{X'Z WVC�'i�V 0yw[g'iS`zVCc-V<`
X?jmlInoVCc �´Q

�$	���� s#QSP5sRs � ²�^Z�`zVCdfi{X?j g'c��-if_Rc X'Z�X'df_<�
Y[dS`aZ�ny_Rc=`aYaVCc=` X'ZAwÀVCny�'�'df�3_RifZAw��'ifg'Y[dfbAZAc#�
`adfn�^Z�`aY[dfe+g'ZAw �*noVCw[w[dS��X'Z WVC�'i�V 0 w[g'iS`zVCc-V<`
X?jmlInoVCc �´Q

`aZAY[YaVCdfcyw[_Rg'wh�*_RY[nyZ~X'Zv\RY[_Rw[w[ZAwhdfc=`aY[g'w[df_Rc'w�n�^Z�`aY[dfe+g'ZAw�¡VqXh^ZAbNVCn�^Z�`aY[dfe+g'ZAwWVCw[w[_#bAd�^ZAZAw]¡VqX'Zv\RYaVCc'X'ZAw
��VCdfififZAwAQ/¯�_Rg'wJifZAw:^ZAbz�-VCc=`adfifif_Rc'wqX'Z8X'd�VC�-VCw[Zo�'Y#^ZAw[ZAc=`aZAc=`¤g'c'Z8\RYaVCc+g'if_Rn�^Z�`aY[dfZyZ´µ#`aY 9ZAnyZAnyZAc=`J�-c'Z
�*i�V `zVCdfififZ�X'ZAw8\RYaVCdfc'wyZAw¸`8`a_Rg5�[_Rg'Y[wodfc���^ZAY[dfZAg'Y[Z�¡V�P�nyn�$Z�`8g'c'Z�`aZ´µ#`ag'Y[Z!X'_Ri�^ZAY[dS`adfe+g'Z �¥�-\Rg'Y[Z
s#QSP5sC���´Q-½¾ifw~w[_Rc=`IbA_Rny�3_Rw#^ZAwxZAw[w[ZAc=`adfZAififZAnyZAc=`xX'ZG�'i�VC\Rdf_#bAi�VCw[Z ���R� 
 ¡Vo»C� 
 � 0§X'ZGbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�ksC� 
�¡V �R� 
 �JZ�`¤X?j VCny�'�'df�3_RifZ �*ny_Rdfc'wJX'Z�sC� 
 �JZ�`yVCbAbAZAw[w[_RdfY[ZAnyZAc=`oX?j _RifdSº#dfc'Z �*ny_Rdfc'wJX'Z
P5» 
 ��Z�`´³<_Rg:X?j _R�-VCe+g'ZAw��*ny_Rdfc'w]X'Z�» 
�0/ºR_RdfY]�-\Rg'Y[Z�s#QSP������´Q"}/ZAwG�'i�VC\Rdf_#bAi�VCw[ZAw]VC�'�-VCYaVCdfw[w[ZAc=`
ZAc8�-VC\Rg'Z�`[`aZAwWnydfififdfn�^Z�`aY[dfe+g'ZAw)w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw]¡VJVCg�`a_Rny_RY[�'�'ZAwhX-VCc'whg'c'ZvnoV<`aY[dfbAZ~�*_RY[n�^ZAZxX'Z
bAY[dfw¸`zVCg#µ:�'ifg'wG�3Z�`adS`awqX'ZobAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z8Z�`´³<_Rg:X?j VCny�'�'df�3_RifZ �*X?j _RifdSº#dfc'Z¤X-VCc'wGg'c�w[ZAg'ihbNVCw �]Z�`
X?j _R�-VCe+g'ZAw�*dfifn�^ZAc'dS`aZAw 0¶Y[g�`adfifZAw�Z�`Gbz�'Y[_RnydS`aZAw �vny_Rc=`aYaVCc=`qe+g'ZyifZAw]bAY[dfw¸`zVCg#µ w[_Rc=`GVC�'�-VCY[g'wqX-VCc'w
ikj _RY[X'Y[Z�w[g'dSºCVCc=`]� � ( � E=�¶. ��©y( � � 9 "

� � ? ��� � ��� 	 469 7@065�7�8:9 � 0
	 �

�¨�#�y9:B/ "�#�y ¨L %����#,"45�#9:�#>3�
ThZAw8`aY[_Rdfwy`¾�#�3ZAw�ifdS`a�'_Rif_R\Rdfe+g'ZAw¤Y[ZA\RY[_Rg'�3ZAc=`�g'c'Z!w[_Rd µ'VCc=`zVCdfc'Z�X'Z{Y[_#bz�'ZAw8X'_Rc=`8º#dfc'\C`¸�¾bAdfc'e

X'df_RY[dS`aZAw 0��+g'dS`�\RYaVCc'_#X'df_RY[dS`aZAw 0¨e+g-V<`aY[Z{�'i�VC\Rdf_#bAi�VCw[dS`aZAwyZ�`�º#dfc'\C`¸� `aY[_Rdfw¤`aY[_Rc'X'�5�#^ZAnydS`aZAwAQ~ThZ{w[_Rc=`
X'ZAwy��VCbAdk¡ZAw¤Y[ZAi�V<`adSºRZAnyZAc=`yZ´µ�_C`adfe+g'ZAwoZ�`o�3ZAg VC�3_Rc'X-VCc=`ow[g'Yoikj ZAc'w[ZAnJ�'ifZ�X'Z�ikj _R�'�'df_RifdS`aZ�0)_Rc�ifZAw
`aY[_Rg�ºRZ¤w[g'Y�ifZG`aZAY[YaVCdfc{w[_Rg'w��*_RY[nyZJX'Z$\RY[_Rw[w[ZAw]dfc=`aY[g'w[df_Rc'w�n�^Z�`aY[dfe+g'ZAwIºR_RdfY[ZJXh^ZAbNVCn�^Z�`aY[dfe+g'ZAw �¥���
\Rg'Y[ZAwhs#QSP5s#P~Z�`Ws#QSP5sRs��)w[_Rg�ºRZAc=`KVCw[w[_#bAd�^ZAZAwI¡V]X'Z~\RYaVCc'X'ZAw¨±A_Rc'ZAw�X'ZK�*YaVCb�`ag'Y[ZAw�_Rg¤�'dfZAcyZAcy�3_RY[X'g'Y[Z
X'ZAwJ�h^ZAY[dfX'_C`adS`aZAw 0��'Y[_#bz�'ZAw$X'ZAwJbAg'nJg'i�V<`awGX'Zo�-VCw[Z�X'Zoi�V�bA_:9g�`aZCQ)}/ZAg'YJY#^ZA�-VCY¸`adS`adf_Rc:ZAc:�*_Rc'b�`adf_Rc
X'ZAwyw[ZAb�`aZAg'Y[wo\)^ZA_R\RYaVC�'�'dfe+g'ZAw¤X'Z�ikj _R�'�'df_RifdS`aZyZAw¸`y`aYA¡ZAwy�h^Z�`�^ZAY[_R\'¡ZAc'Z�0¨ikj VC�3_Rc'X-VCc'bAZ�X'Z�bAZAw¤`¾�#�3ZAw



ª � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

Bahla Musqat Fizh, Hilti

FZN

F
ZS

H
IL

Kawad, Musibit

K
W

D

M
SB

Nakhl

NAE

NAW

Haylayn, Sarami, Wuqbah

RU
SSAM

Suma’il

N
RS

MQD

SDS

Samad Ibra, Wadi Tayin

IB
R

W
T

N

�$	���� s#QSP5sC������Y[_5�[ZAb�`adf_Rc'wKw¸`�^ZAY#^ZA_R\RYaVC�'�'dfe+g'ZAw~ny_Rc=`aYaVCc=`KifZAwW_RY[dfZAc=`zV<`adf_Rc'wWX'ZAwW��VCbAdk¡ZAwKX'Z�X'df_RY[dS`aZ�0
\RYaVCc'_#X'df_RY[dS`aZ!Z�`�`aY[_Rc'X'�5�#^ZAnydS`aZ ZAc��*_Rc'b�`adf_Rc�X'ZAw�±A_Rc'ZAw�\)^ZA_R\RYaVC�'�'dfe+g'ZAwAQx��_Rg'Y�bA_Rny�-VCYaVCdfw[_Rc0
ikj _RY[dfZAc=`zV<`adf_Rc�ny_��RZAc'c'Z!X'g bA_Rny�'ifZ´µ�Z��-if_Rc'dfZAc��3_Rg'YoifZAwyX'dS¿x^ZAY[ZAc=`aZAw8Y#^ZA\Rdf_Rc'woZAw¸`8X'_Rc'ch^ZAZ!w[g'Y
bz�-VCe+g'ZIw¸`�^ZAY#^ZA_R\RYaVCnynyZ~Z�`WZAw¸`hY#^Z���^ZAY[ZAc'b3^ZAZIbA_RnynyZxw[g'dS`x�������8�+noVCw[w[dS�?X'Z +)df±A�yw[g'X �kThZAg'ifZAc'ZAZAY 0
P-�R|������ �������RnoVCw[w[dS�3X'Z�+)df±A�¤c'_RY[X � �#nyZ %~dfc'\ 0�P-�R|R�RV ��/~ZAg'�3ZAY 0'P-�R|R| � ��VCbN}/ZA_#XyVCc'X /~_C`a�'ZAY¸��0
P-���=s���� �	��
!�CnoVCw[w[dS�3X'ZK°xdfiS`ad��kThZAg'ifZAc'ZAZAY 0-P-�R|������ ��� ���RnoVCw[w[dS�§X'Z �]VC� %WVCX � ��dfw[w[ZAY[d 0�P-�R|=s����
����� �#noVCw[w[dS�/X'Z���g'w[df�'dS`�� ��dfw[w[ZAY[d 03P-�R|=s������	����#noVCw[w[dS�/X'Z �vV &+�'i3_Rg'ZAw¸` � hY[_ %~c'dfc'\ 0§P-�R|=s��
ThZAg'ifZAc'ZAZAY 0KP-�R|��������	������noVCw[w[dS�~X'Z��vV &+�'iWZAw¸` � ��VCbN}/ZA_#X VCc'X �hVC_Rg-VCc'bAe*0¨sC�R�R��������� ���
noVCw[w[dS��X'Z ��VCYaVCnyd �kThZAg'ifZAc'ZAZAY 0vP-�R|������ !���� ��noVCw[w[dS�*wyX'Z!°vVN�#i�VN�#c Z�` �:g'e+�-VC� ���)VCififdfw¸`aZAY 0
P-�R|�P�� hY[_ %~c'dfc'\ 0+P-�R|=s��<²�VC�'i 0+P-�R|C� �<ThZAg'ifZAc'ZAZAY 0�P-�R|������ � ���$�<noVCw[w[dS�-X'Z �#g'noV�j dfi=w[g'X � ��dfw[w[ZAY[d 0
P-�R|=s���� � !��!�§noVCw[w[dS�)X'Z �#g'noV�j dfi?c'_RY[X � ��dfw[w[ZAY[d 0/P-�R|=s��3ThZAg'ifZAc'ZAZAY 0"P-�R|���������� � �§noVCw[w[dS�)X'Z
�#g'noV�j dfi 0/Y#^ZA\Rdf_Rc:X'Z ��VCe+waVCX �kThZAg'ifZAc'ZAZAY 0hP-�R|�� � ��VCbN}/ZA_#X�VCc'X /~_C`a�'ZAY¸��0�P-���=s�� �xdfbA_Ri�VCwqVCc'X
h_Rg'X'dfZAY 0'P-���=»�� �C_Rg'w[w[ZAifdfc¤Z�`hVCikQ 0�P-���R|���� ��� ! �RnoVCw[w[dS�3X?j ½¾�'YaV ���)VCififdfw¸`aZAY 0�P-�R|�P�� ��dfw[w[ZAY[d 0'P-�R|=s����
�! ��p��noVCw[w[dS�"X'g���VCX'd¶¯)VN�#dfc � ��dfw[w[ZAY[d 0¶P-�R|=s��'ThZAg'ifZAc'ZAZAY 0?P-�R|����´Q���_Rg'YKifZvnoVCw[w[dS�"X'Z ��VCnoVCX0
ºR_RdfYxThZAg'ifZAc'ZAZAY 0"P-�R|��$Z�`	��dfw[w[ZAY[d 0/P-�R|=s#Q �¨_RdfYh`zVC�'ifZNVCg�s#Q �$�3_Rg'YKi�V$i�^ZA\RZAc'X'Z�X'ZAwxw¸�#nJ�3_RifZAwAQ



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� ª§ª

�$	���� s#QSP5s<� � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X'Z��'i�VC\Rdf_#bAi�VCw[dS`aZ bA_Rc=`aZAc-VCc=` ZAc=º#dfY[_Rc » 

X?j _R�-VCe+g'ZAw��*noVCw[w[dS�WX'Z8°vVN�#i�VN�#c0]^ZAbz�-VCc=`adfifif_Rc
�R������sRs��´Q

�$	���� s#QSP5sR» � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X'Z�\RYaVCc'dS`!Y[dfbz�'Z:ZAc �'i�VC\Rdf_#bAi�VCw[Z �*noVCw[w[dS�$X'Z
WVC�'i�V 0G^ZAbz�-VCc=`adfifif_Rc��R� � � � �-Q���iI���'i�VC\Rdf_<�
bAi�VCw[Z
�#�`q�'�'df_C`adS`aZ
� �vn��-VCny�'�'df�3_RifZCQ

ifdS`a�'_Rif_R\Rdfe+g'ZAw�^Z�`zVCc=`�c'Z�`[`aZAnyZAc=`]w[g'�h^ZAY[dfZAg'Y[Z¤ZAc �h^ZAY[df�'�h^ZAY[dfZJX'ZAw�noVCw[w[dS�*wIX'Z$°vVN�#i�VN�#c Z�`]X'Z �#g#�
noV�j dfi/e+g?j VCdfififZAg'Y[wAQ¶Th_Rny��`aZ]`aZAc+g{X'g!ny_#X'ZqX?j V<¬yZAg'Y[ZAnyZAc=`�w[_Rg�ºRZAc=`]ZAc!dfc=`aY[g'w[df_Rc0§dfi"c?j ZAw¸`��-VCw
`a_Rg5�[_Rg'Y[w�^Z�º#dfX'ZAc=`xX'Z�Xh^Z�`aZAY[nydfc'ZAYKg'c'Z]_RY[dfZAc=`zV<`adf_Rc��3_Rg'YKifZAwW�-if_Rc'w 0'e+g-VCc'X�g'c��'i�VCc�ZAw¸`~º#dfw[df�'ifZ�0
ikj _RY[dfZAc=`zV<`adf_Rc:X'Z8bAZAifg'd �¾bAdhV ^Z�`�^Z8Xh^Z�`aZAY[nydfch^ZAZ8noVCdfwGifZAwJe+g'ZAife+g'ZAw¤�3_Rdfc=`aw$VCdfc'w[d�_R��`aZAc+g'w¤w[g'Y$ifZAw
w¸`�^ZAY#^ZA_R\RYaVCnynyZAw]c'Zyny_Rc=`aY[ZAc=`G�-VCwqX'Zyif_R\Rdfe+g'Z$�-VCY¸`adfbAg'ifdk¡ZAY[Z �¥�-\Rg'Y[Z8s#QSP5sC���´Q/²IZAwqdfc=`aY[g'w[df_Rc'w]Z�`
�-if_Rc'w¨X'Z~�'i�VC\Rdf_R\RYaVCc'dS`aw)_Rc=`¤^Z�`�^ZxXh^ZAbAY[dS`aw�VCgybA_Rg'Y[w�X'ZK`aYaVNºCVCg#µyVCc=`�^ZAY[dfZAg'Y[w ��}/df�'�-VCY[X¤Z�`hVCikQ 0'P-�R|�� �
�vnyY[d 0§P-���=»��"�vnyY[d3Z�`KVCikQ 0§P-�������¨Z�`WbAZAY¸`zVCdfc'ZAwW�=�#�3_C`a�?¡ZAw[ZAwK_Rc=`8^Z�`�^Zx��VCdS`aZAwhbA_Rc'bAZAY[c-VCc=`~ifZAg'Y�nydfw[Z
ZAco�'i�VCbAZCQ#Th_Rny��`aZK`aZAc+goX'ZxifZAg'Y¨YaVCY[Z�`�^Z~Y[ZAi�V<`adSºRZAnyZAc=`�¡V]X?j VCg�`aY[ZAw¨`¾�#�3Z~�-if_Rc'dfZAc'w¨bAZA�3ZAc'X-VCc=`(0+bAZAw
��VCbAdk¡ZAwKc'Z��*ZAY[_Rc=`x�-VCw~ikj _R�+�[Z�`~X?j g'c'Z ^Z�`ag'X'ZqXh^Z�`zVCdfifi�^ZAZvdfbAdkQ

�¨�#�y;R%'45%-;C� ��+45�#� �$H�=��45B§2§45% �)¦���£?,"�#�
¯�_Rg'w8ifZAw8bNVCYaVCb�`N¡ZAY[ZAw8�h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAw8X'ZAw�Y[_#bz�'ZAw ^ZAbz�-VCc=`adfifif_Rc'ch^ZAZAwoX'Z!bAZ�`¾�#�3Z!w[_Rc=`8ºCV5�

Y[d�VC�'ifZAwAQ+}"V�`zVCdfififZWX'ZAw�\RYaVCdfc'w¨ZAw¸`WZ´µ#`aY 9ZAnyZAnyZAc=`h�h^Z�`�^ZAY[_R\'¡ZAc'ZvX?j g'c ^ZAbz�-VCc=`adfifif_Rc!¡Vqikj VCg�`aY[Z~Z�`WVCg'w[w[d
VCg�w[ZAdfc�X?j g'c�n 9ZAnyZ��-if_Rc �¥�-\Rg'Y[ZAw�s#QSP5sRs:Z�`�s#QSP5sRr�� 0h�3_Rg�ºCVCc=`�VCififZAYoX'Z{ny_Rdfc'w8X'Z�P{nyn ¡V
�'ifg'w[dfZAg'Y[wKbAZAc=`adfn�¡Z�`aY[ZAwWºR_RdfY[ZIX'df±NVCdfc'ZAwWX'Z]bAZAc=`adfn�¡Z�`aY[ZIX-VCc'wKi�VJn 9ZAnyZIY[_#bz�'ZCQ ¡�pikjM^ZAbz�'ZAififZInydfbAY[_<�
w[bA_R�'dfe+g'Z�03bAZ�`[`aZqºCVCY[d�V<`adf_Rc�X'Zqi�V$`zVCdfififZIX'ZAwv\RYaVCdfc'w~ZAw¸`I�-VCY¸�*_RdfwxVCw[w[_#bAd�^ZAZ�¡V¤g'c'ZGY[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc
�-VCY¸`adfZAififZvX'g��'i�VC\Rdf_#bAi�VCw[Zvw[g'Y¸`a_Rg�`xnoVCdfwKVCg'w[w[d"X'ZAwxVCg�`aY[ZAwx�'�-VCw[ZAw �¥�-\Rg'Y[ZAwvs#QSP��=sJZ�`Is#QSP��R���´Q
}/ZAw]bA_Rny�3_Rw[dS`adf_Rc'wvnydfch^ZAYaVCif_R\Rdfe+g'ZAwvw[_Rc=`]`aYA¡ZAw�ºCVCY[d�^ZAZAw 0?ZAififZAwIºR_Rc=`qX'Z$i�V8�'i�VC\Rdf_#bAi�VCw[dS`aZq�'g'Y[Z

¡V$X'ZAw~Y[_#bz�'ZAw~\RYaVCc'dS`adfe+g'ZAwKbA_Rny�'ifZ´µ�ZAwKbA_Rc=`aZAc-VCc=`v�'i�VC\Rdf_#bAi�VCw[Z�0+�*ZAifX'w[�-V<`a�'wK�3_C`zVCw[w[dfe+g'ZAw 0§VCny�'�'d �
�3_RifZ�0Ae+g-VCY¸`a±�0N�'df_C`adS`aZ)Z�`"_R�-VCe+g'ZAw 0�ifZAw?`aZ´µ#`ag'Y[ZAw"Xh^ZA�3ZAc'X'ZAc=`)X'Z�bAZ�`[`aZ¨bA_Rny�3_Rw[dS`adf_Rcvnydfch^ZAYaVCif_R\Rdfe+g'ZCQ
}/ZAw��'i�VC\Rdf_#bAi�VCw[dS`aZAw�w[_Rc=`��*_RY[n�^ZAZAw�ZAcoe+g-VCw[d � `a_C`zVCifdS`�^ZWX'Zx�'i�VC\Rdf_#bAi�VCw[ZWZ�`WVCbAbAZAw[w[_RdfY[ZAnyZAc=`hX?j _Nµ#�#X'ZAw
bA_RnynyZ!X'ZAw�dfifn�^ZAc'dS`aZAwyZ�`�X'ZAw��h^ZAnoV<`adS`aZAw �¥�-\Rg'Y[ZAw�s#QSP5s<� 0~s#QSP��C��Z�`�s#QSP��=»�� 0hZAififZAw8�'Y#^ZAw[ZAc=`aZAc=`
X'ZAw$`aZ´µ#`ag'Y[ZAw¤X?j VCX'bAg'nJg'i�V<`$Z�`¤ifZAw$Y[ZAi�V<`adf_Rc'wq`aZ´µ#`ag'YaVCifZAw¤ZAc=`aY[Z�ifZAw$�'i�VC\Rdf_#bAi�VCw[ZAwGZ�`¤ifZAwJ_Nµ#�#X'ZAw
ny_Rc=`aY[ZAc=`~g'c'Z]bAY[dfw¸`zVCififdfwaV<`adf_Rc¤`zVCY[X'dSºRZ�X'ZAw~_Nµ#�#X'ZAw �*bAY[dfw¸`zVCg#µ�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw~X'Z��'i�VC\Rdf_#bAi�VCw[Z
ZAc�dfc'bAifg'w[df_Rc!X-VCc'w]ifZAw�_Nµ#�#X'ZAwqZ�`qVC�'�-VCY[dS`adf_Rc!w¸�#w¸`�^ZAnoV<`adfe+g'Z¤X'ZAw]_Nµ#�#X'ZAwJVCg#µy�[_Rdfc=`aw�X'Z$\RYaVCdfc'w
X'Z]�'i�VC\Rdf_#bAi�VCw[Z �´Q



D�� � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8 �ì(/�)&�����"% � � !#�x½>ê�����ê ,-$8 �ì(/�)&�����"% � � !#�x½>ê ��� Ð

�$	���� s#QSP5s�� � +§VCbAZAw�w[bAd�^ZAZAw�X'Z X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w8X'Z \RYaVCc'dS` �*w¸`aY[dfb�`a_<�¾w[ZAc'w[g �8X'g�noVCw[w[dS�qX'Z
°vVN�#i�VN�#c

}/ZAw"\RYaVCc'_#X'df_RY[dS`aZAw3Z�`"\RYaVCc'dS`aw?bA_Rc=`adfZAc'c'ZAc=`�X'ZAw"�'Y[_R�3_RY¸`adf_Rc'w¶ºCVCY[d�VC�'ifZAw¶X'Z��'i�VC\Rdf_#bAi�VCw[Z�0�e+g-VCY¸`a±�0
VCny�'�'df�3_RifZ$Z�`G�'df_C`adS`aZ �¥�-\Rg'Y[ZAw$s#QSP5sR»70�s#QSP5s�� 0)s#QSP5sRr � ���¤Z�` ��
��¤Z�`¤s#QSP5sRr��´Q/½¾ifwq�'Y#^ZAw[ZAc=`aZAc=`¤g'c'Z
Xh^Z��*_RY[noV<`adf_Rc¤�'ifg'w¨_Rgyny_Rdfc'w¨�3_Rg'w[w#^ZAZvifZAg'Y¨X'_Rc'c-VCc=`hX-VCc'w�i�V��'ifg'�-VCY¸`�X'ZAw�bNVCw�X'ZAw�`aZ´µ#`ag'Y[ZAwh�-VCYM�
`adfZAififZAnyZAc=`qY[ZAbAY[dfw¸`zVCififdfw#^ZAZAw �¥�-\Rg'Y[ZAw¤s#QSP5sC| 0)s#QSP5s�� 0�s#QSP��=s�Z�`¤s#QSP��R���´Q�}/ZAwJi�VCnyZAw]c'_Rc�Xh^Z��*_RY[n�^ZAZAw
�'Y#^ZAw[ZAc=`aZAc=`IX'ZAw~`aZ´µ#`ag'Y[ZAwxX'Z]n�^ZAw[_#bAg'nJg'i�V<`K_Rg�X?j _RY¸`a�'_#bAg'nJg'i�V<`(0�ifZAwxVCny�'�'df�3_RifZAwKVC�'�-VCYaVCdfw[waVCc=`
ZAc��'i�VC\RZAwK�  ]bAdfifdS`adfe+g'ZAwWVCg�`a_Rg'YWX'Z]�'i�VC\Rdf_#bAi�VCw[ZAw�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw~X-VCc'wKi�VJ�'ifg'�-VCY¸`KX'ZAw~i�VCnyZAw
X'Z¤X'df_RY[dS`aZJ_Rg \RYaVCc'_#X'df_RY[dS`aZ �¥�-\Rg'Y[ZAwJs#QSP5sRr ����JZ�`Js#QSP��R�����?ifZ$e+g-VCY¸`a±¤ZAw¸`qi�V8�'�-VCw[Zyi�V8�'ifg'w]V<���
�*ZAb�`�^ZAZJ�-VCYvi�V¤Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc0�dfi"w[ZJw[dS`ag'ZGch^ZNVCc'ny_Rdfc'w~`a_Rg5�[_Rg'Y[wvX-VCc'wvifZAwvdfc=`aZAY[w¸`adfbAZAwvZAc=`aY[ZJifZAw
VCg�`aY[ZAw�nydfch^ZAYaVCg#µGny_Rc=`aYaVCc=`�waVvbAY[dfw¸`zVCififdfwaV<`adf_RcI`zVCY[X'dSºRZ �¥�-\Rg'Y[Z~s#QSP5sC|��´Q<}/ZAw�\RYaVCc'dS`aw�VCifbNVCifdfc'w"w[_Rc=`
�'dfZAc��'ifg'wh�-VCg�º#Y[ZAw~ZAc�VCny�'�'df�3_RifZAw 0+bAZAififZAwM�¾bAd¶w[Z��'Y#^ZAw[ZAc=`aZAc=`vVCif_RY[whZAc��3Z�`adS`awW\RYaVCdfc'whif_RwaVCc'\Rdfe+g'ZAw
dfc'bAifg'wIX-VCc'w]X'ZAw]�'i�VC\RZAw�X'ZJ�*ZAifX'w[�-V<`a�'wqVCifbNVCifdfc'w �¥�-\Rg'Y[Zys#QSP5s���� 0¶i�V8�'df_C`adS`aZq� VC�'�-VCYaV-9<S`IbA_RnynyZ
g'c'Z��'�-VCw[Z]nydfc'ZAg'Y[Z �¥`a_Rg5�[_Rg'Y[wKny_Rdfc'whX'Z¤P5» 
 �hZAc��-VC\Rg'Z�`[`aZ�w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwKdfc'bAifg'w[ZAwKX-VCc'w
ifZAw��*ZAifX'w[�-V<`a�'w¨�3_C`zVCw[w[dfe+g'ZAw��+w[ZAw�Y[ZAi�V<`adf_Rc'w)`aZ´µ#`ag'YaVCifZAw�VNºRZAbxifZAw�VCny�'�'df�3_RifZAw�dfc'X'dfe+g-VCc=`¨g'c'Z~bAY[dfwM�
`zVCififdfwaV<`adf_Rc$`zVCY[X'dSºRZv�-VCYWYaVC�'�3_RY¸`q¡VGbAZAififZ´�¾bAdkQ#}/ZIe+g-VCY¸`a±IZAw¸`W`a_Rg5�[_Rg'Y[wWdfc=`aZAY[w¸`adS`adfZAikQ#lIc��3ZAg�`KX'_Rc'b
Xh^Z�`aZAY[nydfc'ZAYog'c _RY[X'Y[Z�X'Z!bAY[dfw¸`zVCififdfwaV<`adf_Rc��3_Rg'YobAZAw�^ZAbz�-VCc=`adfifif_Rc'woX'Z!X'df_RY[dS`aZ�0�\RYaVCc'_#X'df_RY[dS`aZ�Z�`
\RYaVCc'dS`aw�� � ( � ��& � � � ����� � � �
}/ZAw8�'Y[_R�3_RY¸`adf_Rc'wynydfch^ZAYaVCif_R\Rdfe+g'ZAw¤w[_Rc=`�Z´µ#`aY 9ZAnyZAnyZAc=`8ºCVCY[d�VC�'ifZAw���i�V��'Y[_R�3_RY¸`adf_Rc X'Z!�'i�V5�

\Rdf_#bAi�VCw[Z{ºCV X'Z�s 
 X-VCc'w�g'c�\RYaVCc'dS`�VCifbNVCifdfc ��^ZAbz�-VCc=`adfifif_Rc��R� ��� s�� 
 ��¡V�����
 X-VCc'w�ifZAw
^ZAbz�-VCc=`adfifif_Rc'w�X'Z{�'i�VC\Rdf_#bAi�VCw[dS`aZAw �¥�-\Rg'Y[ZAw�s#QSP��C��Z�`�s#QSP��=»����WbAZAififZ{X?j VCny�'�'df�3_RifZ�X'Z��1

X-VCc'w
bAZAY¸`zVCdfc'w�^ZAbz�-VCc=`adfifif_Rc'wyX'Z�\RYaVCc'dS`aw8VCifbNVCifdfc'w¤Z�`o`aY[_Rc'X'�5�#^ZAnydS`aZAw ¡V �R� 
 X-VCc'w8ifZAw�^ZAbz�-VCc=`adfifif_Rc'w
X'Z�X'df_RY[dS`aZAwGY[dfbz�'ZAw$ZAc�VCny�'�'df�3_RifZ
�)��`$bAZAififZ8X'Z8e+g-VCY¸`a±8ºCV!X'Z�� 
 X-VCc'w$ifZAw:^ZAbz�-VCc=`adfifif_Rc'wGX'Z
X'df_RY[dS`aZAwy�'g'Y[ZAw�¡V�»C� 
 �3_Rg'YobAZAY¸`zVCdfc'ZAwy`aY[_Rc'X'�5�#^ZAnydS`aZAwAQh}/ZAw8�'df_C`adS`aZAwyZ�`o�*ZAifX'w[�-V<`a�'w�VCifbNVCifdfc'w
w[_Rc=`8X'ZAwo�'�-VCw[ZAwonydfc'ZAg'Y[ZAwyn 9ZAnyZ�w[dxi�V �'Y[_R�3_RY¸`adf_Rc�X'Z��*ZAifX'w[�-V<`a���3_C`zVCw[w[dfe+g'Z�V<`[`aZAdfc=`o�=� 

X-VCc'wqg'c�^ZAbz�-VCc=`adfifif_Rc X'Zy\RYaVCc'dS` ��^ZAbz�-VCc=`adfifif_Rc��R� ���s�� 
 � 0/i�V��'Y[_R�3_RY¸`adf_Rc ny_#X-VCifZ$X'Zy�'df_C`adS`aZ



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� D��"D

,u��8G±D�#�"��% ºv'��.�G��)��?��í(���/�)&�����"% � � !#�x�#� �3Á�ê ,-$82±D�#�"��% ºL'��<µE�&%>)��Jí2���/�)&�����"% � � !#�I�#��ÕDÁÛ��

,u/�8 ±D�#�"��% º¾'�� .��&;�&��)Lí ���/�)&�����"% � � !#�
½>ê3Æ � ���

,u'&8G±D�#�"��% º9'���
:% � �"%Jí7���/�)&�����"% � � !#��½#½�	���êVÐ

�$	���� s#QSP5sRr�� +§VCbAZAwxw[bAd�^ZAZAwxX'Zqe+g-V<`aY[Z ^ZAbz�-VCc=`adfifif_Rc'wKX'ZqX'df_RY[dS`aZAwG¡V¤Y[dfbz�'ZAw[w[Z]ºCVCY[d�VC�'ifZ�ZAc�VCny�'�'d �
�3_RifZ�0 � ���xZAw¸`h`aYA¡ZAwWY[dfbz�'ZvZAc�VCny�'�'df�3_RifZ~Z�` ��
��xZ�` ����~w[_Rc=`K�'ifg'whY[dfbz�'ZAwWZAc8�'i�VC\Rdf_#bAi�VCw[Z
�=X'Zx`aZAififZAw
ºCVCY[d�V<`adf_Rc'wI�3ZAg�ºRZAc=` 9Z�`aY[Z¤_R�'w[ZAY¸º¨^ZAZAwJVCg w[ZAdfc�X?j g'c�n 9ZAnyZ�^ZAbz�-VCc=`adfifif_Rc?Q?}�jM^ZAbz�-VCc=`adfifif_Rc{�'Y#^ZAw[ZAc=`�^Z
ZAc �����vny_Rc=`aY[Z�X'ZAwKºCVCY[d�V<`adf_Rc'whX'Z�`aZ´µ#`ag'Y[Z�`aYA¡ZAw~dfny�3_RY¸`zVCc=`aZAw �¥`zVCdfififZxX'ZAw~\RYaVCdfc'wWZ�`x�'Y[_R�3_RY¸`adf_Rc'w
nydfch^ZAYaVCif_R\Rdfe+g'ZAw �´Q

c'ZvXh^ZA�-VCw[w[Z¨�aVCnoVCdfwKP5» 
8Q�}/ZAwh�'dfw¸`a_R\RYaVCnynyZAw¨ny_Rc=`aYaVCc=`hifZAw¨�*Y#^ZAe+g'ZAc'bAZAwKX'Zv�'Y[_R�3_RY¸`adf_Rc¤ny_#X-VCifZ
�3_Rg'Y$bAZAw�^ZAbz�-VCc=`adfifif_Rc'wGbA_Rc��-Y[nyZAc=`ybAZ�e+g'dWº#dfZAc=`¤X?j 9Z�`aY[Z�X'dS` �¥�-\Rg'Y[Z�s#QSP���P�� 0)i�V��'Y[_R�3_RY¸`adf_Rc�i�V
�'ifg'w��*Y#^ZAe+g'ZAc=`aZy�3_Rg'Y�ifZAw]�'i�VC\Rdf_#bAi�VCw[ZAwvw[Zyw[dS`ag'Z$ZAc=`aY[Zy�=� 
 Z�`=�R� 
�0/�3_Rg'Y�ifZAwqVCg�`aY[ZAw]�'�-VCw[ZAw
��VCny�'�'df�3_RifZAw 0-e+g-VCY¸`a±GZ�`I�'df_C`adS`aZ � 0§_Rc�X'dfw¸`adfc'\Rg'ZGX'ZAg#µ!�'dfbAwxX'_Rc=`�ifZq�'Y[ZAnydfZAY 0§bA_RY[Y[ZAw[�3_Rc'X-VCc=`o¡V
X'ZAw~�'Y[_R�3_RY¸`adf_Rc'wWny_#X-VCifZAwWdfc���^ZAY[dfZAg'Y[ZAwq¡V�P�� 
�0-Y[ZA�'Y#^ZAw[ZAc=`aZqifZAw8^ZAbz�-VCc=`adfifif_Rc'wW_/¡g�ikj g'c'Z]VCg�ny_Rdfc'w
X'Z]bAZAwx�'�-VCw[ZAwxZAw¸`vVC�'w[ZAc=`aZCQ



D�� ¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QSP5sC| � ^��bz�-VCc=`adfifif_Rc X'Z\RYaVCc'_#X'df_<�
Y[dS`aZ
¡V \RYaVCdfc'w¹ny_��RZAc'w�ny_Rc=`aYaVCc=`ifZ bNV5�
YaVCb�`N¡ZAY[Z��'Y#^ZAbA_#bAZ�X'ZAw �'i�VC\Rdf_#bAi�VCw[ZAw�����i ���-VCY
YaVC�'�3_RY¸`�VCg#µ�VCny�'�'df�3_RifZAw � �vn��Z�`�ifZ�bNV5�
YaVCb�`N¡ZAY[Z��'Y#^ZAbA_#bAZ�X'Z bAZAw�X'ZAY[c'dk¡ZAY[ZAw��-VCY�YaVC�#�
�3_RY¸` VCg e+g-VCY¸`a± �k«I± � 0�noVCw[w[dS� X'Z �vV &+�'i
��^ZAbz�-VCc=`adfifif_Rc ���  � P�� ��� 0Cifg'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#QSP5s�� � ^��bz�-VCc=`adfifif_Rc X'Z�\RYaVCc'dS` VCi �
bNVCifdfc�bA_Rc=`aZAc-VCc=`��'i�VC\Rdf_#bAi�VCw[Z ����i � 0��'df_C`adS`aZ
� �` � 0�VCny�'�'df�3_RifZ � �vn� 08�*ZAifX'w[�-V<`a� �3_C`zVCwM�
w[dfe+g'Z � +
� � 0xe+g-VCY¸`a± �k«I± ��Z�` VC�-V<`adS`aZ � �v� �
Z�`�ny_Rc=`aYaVCc=`8ifZAw8Y[ZAi�V<`adf_Rc'wy`aZ´µ#`ag'YaVCifZAw8ZAc=`aY[Z
bAZAw�X'dS¿x^ZAY[ZAc=`aw�nydfch^ZAYaVCg#µ�*noVCw[w[dS�-X'ZW°vVN�#i�VN�#c0
^ZAbz�-VCc=`adfifif_Rc{�R� ����s�� 
 � 0/ifg'nydk¡ZAY[ZJ�3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

,u��8G±D�#�"��% ºv'��.±Þ�&��% �% ��íG���/�)&�����"% � � !#������� � Ð�� ,-$8(±D�#�"��% º�'��1.��&;�&��)Lí(���/�)&�����"% � � !#��½>ê.Æ �����

�$	���� s#QSP��R� � ²Idf_RY[dS`aZAw{¡V�`aZ´µ#`ag'Y[ZAw�X?j _RY¸`a�'_#bAg'nJg'i�V<`8ny_Rc=`aYaVCc=`�ifZ!bNVCYaVCb�`N¡ZAY[Z{�  ]bAdfifdS`adfe+g'Z�X'Z
ikj VCny�'�'df�3_RifZ�0+ifg'nydk¡ZAY[ZI�3_Ri�VCY[dfw#^ZAZ�0'c'dfbA_RifwWbAY[_Rdfw#^ZAwAQ§��i��-�'i�VC\Rdf_#bAi�VCw[Z
�7�vn��§VCny�'�'df�3_RifZCQ



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� D�� �

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Diorites et Granodiorites (33 échantillons)

Plagioclasites (5 échantillons)

Trondhjémites et Tonalites (17 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Quartz                

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Diorites et Granodiorites (33 échantillons)

Plagioclasites (5 échantillons)

Trondhjémites et Tonalites (17 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Amphibole              

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Diorites et Granodiorites (33 échantillons)

Plagioclasites (5 échantillons)

Trondhjémites et Tonalites (17 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Opaque                 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Diorites et Granodiorites (33 échantillons)

Plagioclasites (5 échantillons)

Trondhjémites et Tonalites (17 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath potassique  

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Diorites et Granodiorites (33 échantillons)

Plagioclasites (5 échantillons)

Trondhjémites et Tonalites (17 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Biotite               

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Diorites et Granodiorites (33 échantillons)

Plagioclasites (5 échantillons)

Trondhjémites et Tonalites (17 échantillons)

�$	���� s#QSP���P �q°xdfw¸`a_R\RYaVCnynyZAw"ny_Rc=`aYaVCc=`)ifZAw"�*Y#^ZAe+g'ZAc'bAZAw�X'Zh�3_Rg'Y[bAZAc=`zVC\RZhZAcJ�'i�VC\Rdf_#bAi�VCw[Z�0Ne+g-VCY¸`a±�0
�'_RY[c+�'ifZAc'X'Z�0-�'df_C`adS`aZIZ�`x_R�-VCe+g'ZAwxX-VCc'w~ifZAwKX'df_RY[dS`aZAwAQ



D�� 2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QSP��=s�� ^��bz�-VCc=`adfifif_RcyX'ZIX'df_RY[dS`aZ~�-VCY¸`adfZAi �
ifZAnyZAc=`]Y[ZAbAY[dfw¸`zVCififdfw#^ZJny_Rc=`aYaVCc=`]X'ZAwW�[_Rdfc=`aw]X'Z
\RYaVCdfc'w"ZAcqbA_Rg'Y[w�X'Z�Y#^ZA_RY[\=VCc'dfwaV<`adf_Rc �*noVCw[w[dS�'X'Z
WVC�'i�V 0~^ZAbz�-VCc=`adfifif_Rc!�R� � �¹P5r�� 03ifg'nydk¡ZAY[Zq�3_<�
i�VCY[dfw#^ZAZ�0=c'dfbA_Rifw¨bAY[_Rdfw#^ZAwAQ���i"� �'i�VC\Rdf_#bAi�VCw[Z
���vn�
VCny�'�'df�3_RifZCQ

�$	���� s#QSP��R� � �vc'bAdfZAc'c'Z��3ZA\RnoV<`adS`aZ�X'Z�\RYaV5�
c'_#X'df_RY[dS`aZ�ZAc bA_Rg'Y[w8X'Z!Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc?Q�}"V
Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_RcV<¿¶ZAb�`aZ�VCg�`zVCc=`�ifZp�'i�VC\Rdf_<�
bAi�VCw[Z ����i �"e+g'ZWikj VCny�'�'df�3_RifZ � �vn�"noVCdfw�ifZhbNV5�
YaVCb�`N¡ZAY[Zh`zVCY[X'dS�§X'ZWbAZ�`[`aZWX'ZAY[c'dk¡ZAY[ZWY[ZAw¸`aZWnoVCif\RY#^Z
`a_Rg�`�º#dfw[df�'ifZ �*noVCw[w[dS��X'Z5+)df±A�0�^ZAbz�-VCc=`adfifif_Rc
�R� 	�� � � � 0<ifg'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�05c'dfbA_Rifw)bAY[_Rdfw#^ZAwAQ

� � ? ��� � � � 9 �0 ������ �� 	 9 � 5�8#;�=�0  ��� � � ��� � 065@; � 0 	 0
	 ��� � 	 � 9<2�2�8:5 � �9
	 ��� 	 � 8 ��� ;�9 8 	:0  � 430 �� 8 �

�¨�#�y9:B/ "�#�y ¨L %����#,"45�#9:�#>3�
�#g'YKifZx`aZAY[YaVCdfc�VC�'�-VCYaV-9<S`hg'c���VCbAdk¡ZAwhX'ZI�-if_Rc8g'c��3ZAg�X'dS¿x^ZAY[ZAc=`KX'ZIbAZAg#µ�e+g'd?_Rc=`8^Z�`�^ZI_R�'w[ZAY¸º¨^ZAw

�[g'w[e+g?j¥¡V$�'Y#^ZAw[ZAc=`NQ§}/ZAwW�-if_Rc'wh`aYaVCc'bz�'ZAc=`xc'Z�`[`aZAnyZAc=`~w[g'YWifZAg'YWZAc'bNVCdfw[waVCc=` �¥�-\Rg'Y[Zqs#QSP��R|��¨�-VCYWifZAg'Y
bA_Rg'ifZAg'YxnoVCdfw~X-VCc'wxifZqXh^Z�`zVCdfi 0'ifZAg'Y[wxbA_Rc=`zVCb�`awIVNºRZAbJbAZGX'ZAY[c'dfZAYxw[_Rc=`I�'Y[_R\RY[ZAw[w[dS�*w �¥�-\Rg'Y[ZJs#QSP������´Q
ThZxw[_Rc=`�`a_Rg5�[_Rg'Y[w¨X'ZAw��-if_Rc'w¨�'i�VCc'bz� 9V<`aY[ZAw¨X'_Rc=`hi�V�\RYaVCc+g'if_Rn�^Z�`aY[dfZWZAw¸`W�3ZAg¤º#dfw[df�'ifZG¡V]ikj  ]dfi'c+goe+g'd
�3ZAg�ºRZAc=`KY[ZAw[w[ZAnJ�'ifZAYWX?j VCw[w[ZA±I�'YA¡ZAw]¡VqX'ZAwh�-if_Rc'w�X'Zv\=VC�'�'Y[_q`a_C`zVCifZAnyZAc=`hVCiS`�^ZAY#^ZAw �¥�-\Rg'Y[ZAw~s#QSPN�=�]Z�`
s#QSPN�'P��´Q/}�jM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZ$w[g'YqikjmlInoVCc{ZAw¸`GY[ZAi�V<`adSºRZAnyZAc=`]��VCdf�'ifZ8�/w[ZAg'ifZAnyZAc=`$sRs ^ZAbz�-VCc=`adfifif_Rc'w
�'Y#^ZAifZ�º¨^ZAwWX-VCc'wh`a_Rg�`aZvikj _R�'�'df_RifdS`aZCQ���^ZNVCc'ny_Rdfc'w 0+dfi-��VCg�`W�'dfZAc8c'_C`aZAYhe+g?j dfi§�3ZAg�` 9Z�`aY[Zv�'d�VCdfw#^ZxX'go��VCdS`
X'ZGi�VyY[ZAw[w[ZAnJ�'i�VCc'bAZJZAc=`aY[ZJbAZAwx�-if_Rc'wvZ�`IX'ZAwI\=VC�'�'Y[_RwIVCiS`�^ZAY#^ZAw ����VCbAdk¡ZAwxe+g'd�Vy\)^ZAch^ZAYaVCifZAnyZAc=`�^Z�`�^Z
^Z�º#dS`�^Z��'g'dfw[e+g'Z]ikj VCiS`�^ZAYaV<`adf_RcyX'ZAw~\=VC�'�'Y[_RwKc?j ZAw¸`~�-VCw~g'c��'Y[_R�'ik¡ZAnyZve+g'd/c'_Rg'wKdfc=`�^ZAY[ZAw[w[Z]dfbAd �8Z�`~bAZ
��VCbAdk¡ZAwK�3_Rg'Y[YaVCdS` 9Z�`aY[Z]�'dfZAc��'ifg'w~VC�3_Rc'X-VCc=`NQ
ThZAwyifdS`a�'_Rif_R\RdfZAwqw[Z��'Y#^ZAw[ZAc=`aZAc=`8ZAc��-if_Rc'w$bAZAc=`adfn�^Z�`aY[dfe+g'ZAw!¡V{Xh^ZAbAdfn�^Z�`aY[dfe+g'ZAw �¥�-\Rg'Y[ZAwos#QSP��R|

Z�`]s#QSP������K\)^ZAch^ZAYaVCifZAnyZAc=`vZAc{VC�3_Rc'X-VCc'bAZJVCw[w[ZA±J��VCdf�'ifZ$�3X'ZGg'c ¡Voe+g'ZAife+g'ZAwv�-if_Rc'wvV<¬yZAg'YaVCc=`NQ¶½¾ifw
�3ZAg�ºRZAc=` 9Z�`aY[Z�\)^ZA_R\RYaVC�'�'dfe+g'ZAnyZAc=`y`aYA¡ZAwo�'Y[_#bz�'ZAw8X'Z��-if_Rc'wyX'Z�c-V<`ag'Y[Z�ifdS`a�'_Rif_R\Rdfe+g'Z8X'dS¿x^ZAY[ZAc=`aZ
�*\=VC�'�'Y[_�¡V]_RifdSº#dfc'Z�0C\=VC�'�'Y[_Rc'_RY[dS`aZCQAQAQ���noVCdfw�ifZAg'Y[w�Y[ZAi�V<`adf_Rc'w�VNºRZAbvbAZAwhVCg�`aY[ZAw¨�-if_Rc'w¨c?jM^Z�`zVCdfZAc=`��-VCw
º#dfw[df�'ifZAw~X-VCc'w~ifZAwxe+g'ZAife+g'ZAwvbNVCw~Y[ZAifZ�º¨^ZAwAQ¶}"V¤X'dfw¸`aY[df�'g�`adf_Rc�X'ZqbAZAwx�-if_Rc'w~ZAw¸`IVCi�^ZNV<`a_RdfY[ZInoVCdfwKifZAg'Y
X'ZAc'w[dS`�^Z¤ZAw¸`]`aY[_R�{��VCdf�'ifZG�3_Rg'YI`adfY[ZAYIg'c'Z¤bA_Rc'bAifg'w[df_Rc{ºCVCi�VC�'ifZGX'Z¤ifZAg'Y[w�_RY[dfZAc=`zV<`adf_Rc'wI_Rg X'Z¤ifZAg'Y
Y#^ZA�-VCY¸`adS`adf_Rc?Q



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� D��3O

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Fd MS

Qz 

Diorites et Granodiorites
Plagioclasites
Trondhjémites et Tonalites

�$	���� s#QSP��C� ��²Id�VC\RYaVCnynyZy`aY[df�'�-VCw#^Z�«Ig-VCY¸`a±
�k«I± � � +-ZAifX'w[�-V<`a�'w � +)X � � ��dfch^ZAYaVCg#µ
w[_RnJ�'Y[ZAw � �3� 0?VCny�'�'df�3_RifZAw 0-_R�-VCe+g'ZAwIZ�`��'df_<�
`adS`aZAw �/Y[ZA�'Y#^ZAw[ZAc�`zVCc=`�ifZAw�bA_Rny�3_Rw[dS`adf_Rc�ny_#X-VCifZAw
X'ZAw `aY[_Rc'X'�5�#^ZAnydS`aZAw 0�X'df_RY[dS`aZAw�Z�`p\RYaVCc'_#X'df_<�
Y[dS`aZAwAQ

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Pl FK

Qz 

Diorites et Granodiorites
Plagioclasites
Trondhjémites et Tonalites

�$	���� s#QSP��=» ��²Id�VC\RYaVCnynyZy`aY[df�'�-VCw#^Z�«Ig-VCY¸`a±
�k«I± � �!�¨}"VC\Rdf_#bAi�VCw[ZAw ����i � � +-ZAifX'w[�-V<`a�'wI�3_<�
`zVCw[w[dfe+g'ZAw � +
� ��Y[ZA�'Y#^ZAw[ZAc�`zVCc=`�ifZAw!bA_Rny�3_Rw[d �
`adf_Rc8ny_#X-VCifZAwhX'ZAwh`aY[_Rc'X'�5�#^ZAnydS`aZAw 0�X'df_RY[dS`aZAw�Z�`
\RYaVCc'_#X'df_RY[dS`aZAwAQ

9010

90

0.1

8020

80

0.2

7030

70

0.3

6040

60

0.4

5050

50

0.5

4060

40

0.6

3070

30

0.7

2080

20

0.8

1090

10

0.9

Ol + Cpx Am 

Pl 

Ol Cpx

Diabases

�$	���� s#QSP���� ��²Id�VC\RYaVCnynyZy`aY[df�'�-VCw#^Z�«Ig-VCY¸`a±
�k«I± � � +-ZAifX'w[�-V<`a�'w � +)X � � ��dfch^ZAYaVCg#µ
w[_RnJ�'Y[ZAw � �3� 0?VCny�'�'df�3_RifZAw 0-_R�-VCe+g'ZAwIZ�`��'df_<�
`adS`aZAw �/Y[ZA�'Y#^ZAw[ZAc=`zVCc=`¨ifZAw)bA_Rny�3_Rw[dS`adf_Rc]ny_#X-VCifZAw
X'ZAwxX'd�VC�-VCw[ZAwAQ

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Cpx Ol 

Pl 

Wehrlites à Plagioclase
Diopsidites et gabbros hydrothermaux

�$	���� s#QSP��=r ��²Id�VC\RYaVCnynyZy`aY[df�'�-VCw#^Z���i�VC\Rdf_<�
bAi�VCw[Z ����i ���8Thifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �kTh�Rµ � �8lIifdSº#dfc'Z
�klIi �"Y[ZA�'Y#^ZAw[ZAc=`zVCc=`hifZAw�bA_Rny�3_Rw[dS`adf_Rc'w�ny_#X-VCifZAw
X'ZAw %hZA�'Y[ifdS`aZI¡V~�'i�VC\Rdf_#bAi�VCw[ZAw/Z�`�X'ZAw)\=VC�'�'Y[_Rw"Z�`
�=�#Y[_Nµ�^ZAc'dS`aZAwv�=�#X'Y[_C`a�'ZAY[noVCg#µ¶Q



D�� $ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�$	���� s#QSP��R| � �x¬yZAg'Y[ZAnyZAc=`�X'ZK�h^ZAY[dfX'_C`adS`aZWbA_Rc=`aZAc-VCc=`�X'ZAw��-if_Rc'w�X'ZKX'df_R�'w[dfX'dS`aZ �*noVCw[w[dS�3X'Z~°xdfiS`ad 0
w[g'iS`zVCc-V<`~X?jmlInoVCc �´Q

�$	���� s#QSP������ +§VCbAZAw]w[bAd�^ZAZAwqX'Z¤X'ZAg#µ ^ZAbz�-VCc=`adfifif_Rc{X'Z¤�-VCY[±A�'g'Y[\RdS`aZ$`aYaVNºRZAY[w#^ZAZy�-VCY]X'ZAw]�-if_Rc'w�X'Z
X'df_R�'w[dfX'dS`aZ�ny_Rc=`aYaVCc=`�ifZ�bA_Rc=`zVCb�`)�'ifg'w�_Rgqny_Rdfc'w"�'Y[_R\RY[ZAw[w[dS�'X'gG�-if_RcGVNºRZAbhw[_RcGZAc'bNVCdfw[waVCc=` �*noVCw[w[dS�
X'Zq°xdfiS`ad 0¨^ZAbz�-VCc=`adfifif_Rc��R�
���8|=s ���´Q



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� D�� �

�$	���� s#QSPN�=� � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X'Z�%hZA�'Y[ifdS`aZ]X'_Rc=`xifZAwx_RifdSº#dfc'ZAwWZ�`vifZAw~bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZWw[_Rc=`)`aYA¡ZAw�Y[dfbz�'ZAw)ZAcJnoVC\Rch^ZAw[dfg'n �*noVCwM�
w[dS�)X'Zq°xdfiS`ad 0¨^ZAbz�-VCc=`adfifif_Rc ���
����»�� ���´Q

�$	���� s#QSPN�'P � +§VCbAZ�w[bAd�^ZAZ�X?j g'c ^ZAbz�-VCc=`adfifif_Rc
X'ZhbAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ��*_RY[n�^ZAZ�X'Z�X'df_R�'w[dfX'ZAw��'g'Y[w
�*noVCw[w[dS�)X'Z=��VCnoVCX0h^ZAbz�-VCc=`adfifif_Rc ��� �	� P-���´Q

�$	���� s#QSPN�+s � }"VCnyZ�X'Z¹X'df_R�'w[dfX'dS`aZ�VNºRZAb
^ZA�3_Rc=`aZ �*w[g'Y i�V�\=VCg'bz�'Z � ny_Rc=`aYaVCc=` i�V
Xh^ZAw¸`zVC�'dfifdfwaV<`adf_Rc X'g��=�#Y[_Nµ¶¡ZAc'Z�ZAc��-�'Y[ZAw X'Z
`zVCdfififZv�'ifg'wK�-c'Z�*noVCw[w[dS�)X'Zq°xdfiS`ad 0�^ZAbz�-VCc=`adfifif_Rc
�R� ����|=s ���´Q¨}/g'nydk¡ZAY[Z8`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#QSPN�=� ��}"VCnyZqX'ZGX'df_R�'w[dfX'dS`aZ]ny_Rc=`aYaVCc=`
i�V~ºCVCY[d�V<`adf_Rc]X'Zhi�VK`aZ´µ#`ag'Y[Zv�<ifZAw�\RY[_Rw�\RYaVCdfc'w�ZAc
�-�'Y[ZAw~w[ZAnJ�'ifZAc=`xX'Z�Xh^ZAw¸`zVC�'dfifdfw[ZAYWZ�`~w[g'�'dfYKg'c'Z
Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc¤w[g'YWifZAwW�3_RY[X'g'Y[ZAw �*noVCw[w[dS�/X'Z
°vVN�#i�VN�#c0¤^ZAbz�-VCc=`adfifif_Rc��R� ����s#P��´Q¨}/g'nydk¡ZAY[Z
`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�0'c'dfbA_RifwWbAY[_Rdfw#^ZAwAQ



D�� � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8^±D�#�"��% ºv'��3²>��*I��4 % �JíG���/�)&�����"% � � !#��½>ê3� �#Ð#§ ,-$8G±D�#�"��% º9'��.²���*I�#'�í^���/�)&�����"% � � !#��½#½IÒ�����¼

�$	���� s#QSPN�R� � ²IZAg#µ�i�VCnyZAw:nydfc'bAZAw:X'Z X'df_R�'w[dfX'dS`aZ º#g'ZAw�ZAcÀifg'nydk¡ZAY[Z�`aYaVCc'w[nydfw[Z �3_Ri�VCY[dfw#^ZAZ
VNºRZAb�c'dfbA_RifwJbAY[_Rdfw#^ZAw$ny_Rc=`aYaVCc=`¤ikj VCw[�3ZAb�`¤ZAc��-�'Y[Z�X'Z�\RY[_Rw$bAY[dfw¸`zVCg#µ�X'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�Z�`¤ifZAg'Y
Xh^ZAw¸`zVC�'dfifdfwaV<`adf_Rc8ZAc�\RYaVCdfc'wK�'ifg'wW�-c'wAQ

�¨�#�y;R%'45%-;C� ��+45�#� �$H�=��45B§2§45% �)¦���£?,"�#�
��cJi�VCnyZ�nydfc'bAZ¤^ZA\=VCifZAnyZAc=`(0�bAZAwG^ZAbz�-VCc=`adfifif_Rc'w/�'Y#^ZAw[ZAc=`aZAc=`¨g'cJVCw[�3ZAb�`�dfc'�-VC�'dS`ag'ZAi��¥ºR_RdfY"�-\Rg'Y[ZAw

s#QSPN�+s70¶s#QSPN�=� 0?s#QSPN�R� 0¶s#QSPN�+»¤Z�`qs#QSPN� ��� 0§e+g'd�`aZAc'X�¡Vyny_Rc=`aY[ZAYve+g'ZJbAZJc'ZJw[_Rc=`I�-VCwIX'ZAwIbAg'nJg'i�V<`aw
noVCdfwWX'ZAwxY[_#bz�'ZAw~X'_Rc=`xikj _RY[df\Rdfc'ZvZAw¸`xbA_Rny�'ifZ´µ�ZCQ

�#g'Y�ifZAw{sRs�^ZAbz�-VCc=`adfifif_Rc'w�Y#^ZAbA_RiS`�^ZAw 0xg'c'Z:�3_Rc'c'Z:ny_RdS`ad�^Z �*X'_Rg'±AZ ��w[_Rc=`{X'ZAw��=�#Y[_Nµ�^ZAc'dS`aZAw �
�'ifg'w~�'Y#^ZAbAdfw#^ZAnyZAc=`vX'ZAwxbAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAwK�*_RY[n�^ZAZAw~ZAc�`a_C`zVCifdS`�^ZIX'Z]X'df_R�'w[dfX'Z]Z´µ�bAZA��`adf_Rc'c'ZAififZAnyZAc=`
�-VCg�º#Y[Z¨ZAc��*ZAY �¥�-\Rg'Y[Z�s#QSP��=r�� 0AX'ZAg#µ]X'Z�bAZAw"X'df_R�'w[dfX'dS`aZAw¶w[ZAg'ifZAnyZAc=`"bA_Rc=`adfZAc'c'ZAc=`�P@
�X'Z�nydfch^ZAYaVCg#µ
_R�-VCe+g'ZAw��*w[�'dfc'ZAififZAw�bz�'Y[_RnydS�M¡ZAY[ZAw�Z�`¨dfifn�^ZAc'dS`aZAw 05ºR_RdfY)`zVC�'ifZNVCgos#QSP��´QR�)VCY[nyd'ifZAwKP���VCg�`aY[ZAw$^ZAbz�-VCc=`adfi �
if_Rc'w 0"�!w[_Rc=`JX'ZAwJ\=VC�'�'Y[_RwGZ�`8��w[_Rc=`JX'ZAw %hZA�'Y[ifdS`aZAw 0�ZAififZAwqbA_Rc=`adfZAc'c'ZAc=`$noVCif\RY#^Z$`a_Rg�`q`a_Rg5�[_Rg'Y[w
�'ifg'w]X'Z¤�=� 
 X'Z¤X'df_R�'w[dfX'ZAwAQ"}/ZAw]\=VC�'�'Y[_Rw]w[_Rc=`GifZAw]�'ifg'w��-VCg�º#Y[ZAwGZAc�X'df_R�'w[dfX'Z¤VNºRZAbog'c'Z¤�'Y[_<�
�3_RY¸`adf_RcoX'ZI�=� 
 ¡V$|R� 
�0�i�Vq�'Y[_R�3_RY¸`adf_RcoX'ZI�'i�VC\Rdf_#bAi�VCw[ZKºCVJdfc=ºRZAY[w[ZAnyZAc=`~X'Z]sC� 
 ¡V �R� 
 ��bAZAw
^ZAbz�-VCc=`adfifif_Rc'whw[_Rc=`K`a_C`zVCifZAnyZAc=`hXh^ZA�3_Rg'Y¸º#g'w~X'ZInydfch^ZAYaVCg#µo_R�-VCe+g'ZAw 0-g'c�bAZA�3ZAc'X-VCc=`~bA_Rc=`adfZAc=`~g'c'Z
�-VCY¸`qbA_Rc'w#^ZAe+g'ZAc=`aZ8X'Zyw[�'�?¡ZAc'ZAw��MP�� 
�0�^ZAbz�-VCc=`adfifif_Rc �R�� �¹»C| 0?�-\Rg'Y[Z8s#QSPN� � ����$Z�` ����� �´Q"}/ZAw
%hZA�'Y[ifdS`aZAw�w[_Rc=`]\Rif_R�-VCifZAnyZAc=`I�'ifg'wIY[dfbz�'ZAw�ZAc�X'df_R�'w[dfX'ZAwJ�?i�Vo�'Y[_R�3_RY¸`adf_Rc!X'Z$bAZ�`[`aZ¤�'�-VCw[Z¤VCifi�VCc=`
X'ZIrC� 
�¡Vq|=»�
 �#ZAififZAw¨bA_Rc=`adfZAc'c'ZAc=`h`a_Rg�`aZAw�g'c'Zx��VCdf�'ifZK�-VCY¸`�X'Zxw[�'dfc'ZAififZAw�bz�'Y[_RnydS�M¡ZAY[ZAw��MP~��»�
 �
Z�`xi�VJ�'Y[_R�3_RY¸`adf_Rc�X?j _RifdSº#dfc'ZvºCV¤X'Z¤P5» 
�¡Vy�R� 
8Q
}"V�`zVCdfififZ$X'ZAwG\RYaVCdfc'wq�3ZAg�`�9Z�`aY[Z¤`aYA¡ZAwG�h^Z�`�^ZAY[_R\'¡ZAc'Z�VCg:w[ZAdfc�X?j g'c�n 9ZAnyZ�^ZAbz�-VCc=`adfifif_Rc��¥�-\Rg'Y[Z

s#QSPN�=��� 0#ZAififZvZAw¸`~X'Zv`a_Rg�`aZI��V��bA_Rc8`aYA¡ZAwhºCVCY[d�VC�'ifZvX?j g'c ^ZAbz�-VCc=`adfifif_Rc ¡VJikj VCg�`aY[Z �¥�-\Rg'Y[ZAwxs#QSPN�=� 0's#QSPN�R�
Z�`Gs#QSPN� ���vVCifi�VCc=`vX'Z¤e+g'ZAife+g'ZAw]X'd µ�dk¡ZAnyZAwIX'Z$nydfififdfn�¡Z�`aY[Zo¡V8e+g'ZAife+g'ZAwqnydfififdfn�¡Z�`aY[ZAwAQ-}/ZAw�`aZ´µ#`ag'Y[ZAw
w[_Rc=`��-VCY¸`adfbAg'ifdk¡ZAY[ZAw 0NZAififZAw�X'dS¿)¡ZAY[ZAc=`)w[ZAif_RcGifZAw]^ZAbz�-VCc=`adfifif_Rc'w"Z�`)c'Z�bA_RY[Y[ZAw[�3_Rc'X'ZAc=`��-VCw)VCg#µq`aZ´µ#`ag'Y[ZAw
X'Z~bAg'nJg'i�V<`¨�'Y#^ZAb3^ZAX'ZAnynyZAc=`h_R�'w[ZAY¸º¨^ZAZAw 0�ifZAw�bAY[dfw¸`zVCg#µyw[Z~�'Y#^ZAw[ZAc=`aZAc=`Kw[_Rg�ºRZAc=`hZAcy�-�'Y[ZAw�_RY[dfZAc=`�^ZAZAw
X-VCc'w�g'c'ZvX'dfY[ZAb�`adf_Rc¤�'Y#^Z���^ZAY[ZAc=`adfZAififZ �¥�-\Rg'Y[Z�s#QSPN�R� �)ny_Rc=`aYaVCc=`hg'c'Z~`aZ´µ#`ag'Y[Zvn�^Z�`zVCny_RY[�'�'dfe+g'ZCQ+}/ZAw
nydfch^ZAYaVCg#µ ifZAw]�'ifg'wGVCifif_Rc'\)^ZAw�w[_Rc=`Gw[_Rg�ºRZAc=`JXh^Z��*_RY[n�^ZAwqZ�`Gdfifw��'Y#^ZAw[ZAc=`aZAc=`$X'ZAwqifdfnydS`aZAwIX'Zy\RYaVCdfc'w
bAY#^ZAc'ZAi�^ZAZAw¤VCw[w[_#bAd�^ZAZAw�¡V!ikj VC�'�-VCY[dS`adf_Rc�X'Z8bAY[dfw¸`zVCg#µ��'ifg'wJ�3Z�`adS`awJVCg#µ��[_Rdfc=`awGX'Z8\RYaVCdfc'wAQ�½¾ifw$VC�'�-V5�



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� D�� ª

,u��8 ,-$8

,u/�8 ,u'&8

�$	���� s#QSPN�+» � «Ig-V<`aY[Z�i�VCnyZAw$nydfc'bAZAw¤X'g n 9ZAnyZ ^ZAbz�-VCc=`adfifif_Rc�X'Z�X'df_R�'w[dfX'dS`aZoº#g'ZAwoZAc ifg'nydk¡ZAY[Z
`aYaVCc'w[nydfw[Z]�3_Ri�VCY[dfw#^ZAZqVNºRZAbGc'dfbA_RifwKbAY[_Rdfw#^ZAw �*noVCw[w[dS��X'ZG°xdfiS`ad 0�^ZAbz�-VCc=`adfifif_Rc ��� ����»�� ���Wny_Rc=`aYaVCc=`
ikj VCw[�3ZAb�`¤ZAc ny_RwaV(; <fe+g'Z �*Y[ZAbAY[dfw¸`zVCififdfw#^Z�0 ��
��oZ�` ���� �GX'Z�bAZAY¸`zVCdfc'ZAw¤±A_Rc'ZAw¤X'Z�bAZAw�^ZAbz�-VCc=`adfifif_Rc'wJZ�`
i�VJbAY[_Rdfw[waVCc'bAZqX'Z]bAY[dfw¸`zVCg#µ�VCg�`a_Rny_RY[�'�'ZAwKX-VCc'wxi�VJw[ZAY[�3ZAc=`adfc'Z ����� 0'noVCw[w[dS�)X'Zq°xdfiS`ad 0¨^ZAbz�-VCc=`adfifif_Rc
���
����»�� �-Q

YaVCdfw[w[ZAc=`IbA_RnynyZ]Xh^ZAw¸`zVC�'dfifdfw#^ZAw~�-VCYxg'c!�'�h^ZAc'_Rn�¡ZAc'ZGZAc=`aYaV-9<fc-VCc=`vifZAg'Y~bA_RY[Y[_Rw[df_Rc�Z�`vi�V¤bAY[dfw¸`zVCififdfwaV5�
`adf_Rc�X'Z]X'df_R�'w[dfX'ZAwK�'ifg'wK�3Z�`adS`awAQ
}/ZAwy^ZAbz�-VCc=`adfifif_Rc'w�bA_Rc=`aZAc-VCc=`WX'go�'i�VC\Rdf_#bAi�VCw[Zh�'Y#^ZAw[ZAc=`aZAc=`Kg'c'Z~`aZ´µ#`ag'Y[ZvnydfbAY[_<�¾\RYaVCc+g'i�VCdfY[Z�`aYA¡ZAw

Y[ZAbAY[dfw¸`zVCififdfw#^ZAZ �*w[g'Y¸`a_Rg�`�X-VCc'w¨ifZW�'i�VC\Rdf_#bAi�VCw[Z�05�-\Rg'Y[Zvs#QSPN� ��� 0RX'Z~�3Z�`adS`aw�bAY[dfw¸`zVCg#µJµ�^ZAc'_Rny_RY[�'�'ZAw¨X'Z
X'df_R�'w[dfX'Zxw[_Rc=`W`aYA¡ZAwhw[_Rg�ºRZAc=`~ZAc�dfc'bAifg'w[df_RcyX-VCc'whifZv�'i�VC\Rdf_#bAi�VCw[ZKX'_Rc'c-VCc=`q¡VGbAZIX'ZAY[c'dfZAY�g'c�VCw[�3ZAb�`
�  ]bAdfif_R�'i�VCw¸`adfe+g'Z
�"VCw[�3ZAb�`Je+g'Z8ikj _Rc�Y[Z�`aY[_Rg�ºRZ8X-VCc'wGe+g'ZAife+g'ZAwJ�=�#Y[_Nµ¶¡ZAc'ZAw$�-VCYGikj _R�'w[ZAY¸ºCV<`adf_Rc�X'Z
bAY[dfw¸`zVCg#µoµ�^ZAc'_Rny_RY[�'�'ZAwKX'Z�X'df_R�'w[dfX'ZIX-VCc'wKifZAwWX'df_R�'w[dfX'ZAw �¥�-\Rg'Y[Zqs#QSPN�=���´Q'²�VCc'wWbAZAw�^ZAbz�-VCc=`adfifif_Rc'w
^ZA\=VCifZAnyZAc=`(0+ifZAw?�[_Rdfc=`aw¨X'Zv\RYaVCdfc'w¨w[_Rc=`WdfY[Y#^ZA\Rg'ifdfZAY[w�Z�`W�'Y[ZAc'c'ZAc=`Kg'c'ZvVC�'�-VCY[ZAc'bAZIw[g�`ag'Y#^ZAZve+g'Zvikj _Rc
Y[Z�`aY[_Rg�ºRZWX-VCc'w)bAZAY¸`zVCdfc'ZAw)Y[_#bz�'ZAw�n�^Z�`zVCny_RY[�'�'dfe+g'ZAw�bA_RnynyZ�0��-VCY)Z´µ�ZAny�'ifZ�0<X'ZAw)\RYaVCc+g'ifdS`aZAw � �#�'Y¸��0



D§D�� EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8^±D�#�"��% º9'��.²>��*I��4 % �JíG���/�)&�����"% � � !#��½��+Ü�� Ð ,-$8G±D�#�"��% º9'��.²>��*I��4 % �JíG���/�)&�����"% � � !#��½��+Ü�� Ð

,u/�8G±D�#�"��% º9'���µE�&%>)��Jí^���/�)&�����"% � � !#�x�#��ÕDÁ �Ð ,u'&87±D�#�"��% ºv'��.µE�&%>)��Jí^���/�)&�����"% � � !#���#�+ÕDÁ �Ð

�$	���� s#QSPN� ����«Ig-V<`aY[Z¤i�VCnyZAw�nydfc'bAZAw�X'Zy\=VC�'�'Y[_�¡V�\RYaVCdfc'w�`aYA¡ZAw��-c'wqny_Rc=`aYaVCc=`qi�Vo`aZ´µ#`ag'Y[Zonyd �
bAY[_R\RYaVCc+g'i�VCdfY[Z�X'ZGbAZAw�^ZAbz�-VCc=`adfifif_Rc'wAQ§}"V¤Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc�ZAw¸`v�'ifg'wx�3_Rg'w[w#^ZAZGX-VCc'wvifZ]�'i�VC\Rdf_#bAi�VCw[Z
Z�`Jw[ZAnJ�'ifZy�3_Rg�ºR_RdfYqw[ZobA_Rc=`adfc+g'ZAYK�[g'w[e+g?j¥¡V!g'c'Zo\RYaVCc+g'if_Rn�^Z�`aY[dfZ$ZAc'bA_RY[Z8�'ifg'w]�-c'Z ��
��<Q�}/g'nydk¡ZAY[Z
`aYaVCc'w[nydfw[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ§��i��-�'i�VC\Rdf_#bAi�VCw[Z
�'Th�Rµ��§²Idf_R�'w[dfX'Z
� �#c�� �#�'�?¡ZAc'ZCQ

P-�������´Q �xc'Z�w[ZAg'ifZ�X'Z8bAZAw¤Y[_#bz�'ZAw ��^ZAbz�-VCc=`adfifif_Rc �=r �U»��q�'Y#^ZAw[ZAc=`aZ�g'c'Z8`aZ´µ#`ag'Y[Z��*YaVCc'bz�'ZAnyZAc=`
nG�#if_Rc'dS`adfe+g'Z�VNºRZAbqg'c'Z�ºRZAdfc'Z]Y[ZAbAY[dfw¸`zVCififdfw#^ZAZIX'Z]X'df_R�'w[dfX'dS`aZCQ
}/ZAw!^ZAbz�-VCc=`adfifif_Rc'wxifZAwv�'ifg'wIVCiS`�^ZAY#^ZAw �¥�-\Rg'Y[Z¤s#QSPN�+s��Kny_Rc=`aY[ZAc=`Ii�VobAY[_Rdfw[waVCc'bAZJX'ZGnydfch^ZAYaVCg#µ����

�'Y[ZAg#µJw[ZAnJ�'i�VC�'ifZAw~¡VxX'ZAw¨VCny�'�'df�3_RifZAw 0�\RY[_Rw[w[dk¡ZAY[ZAnyZAc=`��-VCYaVCifik¡ZAifZAnyZAc=`)VCg#µGbAifdSºCVC\RZAw�X'ZW�=�#Y[_Nµ¶¡ZAc'ZAw
ZAc�bA_Rg'Y�X'Z Xh^ZAw¸`zVC�'dfifdfwaV<`adf_Rc0¨ikj _RifdSº#dfc'Z�wAj VCiS`N¡ZAY[Z ^ZA\=VCifZAnyZAc=`�ZAc�w[ZAY[�3ZAc=`adfc'ZCQxlIc�_R�'w[ZAY¸ºRZ��'dfZAc
ikj VCiS`�^ZAYaV<`adf_Rc8X'ZAwx�=�#Y[_Nµ¶¡ZAc'ZAwIZ�`xX'ZAwx_RifdSº#dfc'ZAwKX-VCc'w~bAZAY¸`zVCdfc'ZAwx±A_Rc'ZAwxX'Z]ikjM^ZAbz�-VCc=`adfifif_Rc ���
����»�� �
�¥�-\Rg'Y[Z{s#QSPN�+»�� 0¨�-VCYaVCifik¡ZAifZAnyZAc=`¤Z�`oX-VCc'w8ifZ�n 9ZAnyZ�^ZAbz�-VCc=`adfifif_Rc0�X'ZAw8bAY[dfw¸`zVCg#µ�`a_Rg�`�¡V ��VCdS`oVCg#�
`a_Rny_RY[�'�'ZAw�X'Z X'df_R�'w[dfX'Z{Z�`�X?j _RifdSº#dfc'Z{VC�'�-VCYaVCdfw[w[ZAc=`�X-VCc'w�ifZAw�±A_Rc'ZAw�`a_C`zVCifZAnyZAc=`�VCiS`�^ZAY#^ZAZAw�Z�`
w[ZAnJ�'ifZAc=`KbAY[_$9<S`aY[ZvX-VCc'wKifZAwhbNVNº#dS`�^ZAw �¥�-\Rg'Y[Z]s#QSPN�+» ��
��xZ�` ����� ���/¡VJb"9_C`�^ZIX'ZIbAZAwKbNVNº#dS`�^ZAwK_/¡gobAY[dfw¸`zVCi �
ifdfw[ZAc=`�ifZAw¨X'df_R�'w[dfX'ZAw¨Z�`¨�*_RY[w¸`�^ZAY[dS`aZAwhVCg�`a_Rny_RY[�'�'ZAw 0=_Rcy_R�'w[ZAY¸ºRZvX'ZAw�w[ZAb�`adf_Rc'w�X'Zxi�VCnyZAwv¡V�`aZ´µ#`ag'Y[ZAw



¢ " � �¨�#�¤%-,/��45�#� ) %-;=� ��#� D§D§D

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Clinopyroxène         

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès hydrothermaux (22 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale d’Olivine                

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès hydrothermaux (22 échantillons)

0 10 20 30 40 50 60 70 80 90 100

Proportion modale de Feldspath Plagioclase 

0

10

20

30

40

50

60

70

80

90

100

P
ro

po
rt

io
n 

d’
éc

ha
nt

il
lo

n

Faciès hydrothermaux (22 échantillons)

�$	���� s#QSPN�+r �{°xdfw¸`a_R\RYaVCnynyZAwvny_Rc=`aYaVCc=`]ifZAwI�*Y#^ZAe+g'ZAc'bAZAwGX'Z¤�3_Rg'Y[bAZAc=`zVC\RZ¤ZAc�_RifdSº#dfc'Z�0¶bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZqZ�`x�'i�VC\Rdf_#bAi�VCw[ZvX-VCc'w~ifZAwW��VCbAdk¡ZAw~�=�#X'Y[_C`a�'ZAY[noVCg#µ¶Q



D§D ¢ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�L% �")�!#� !#1#% � ¯()��"!#*+% �"��� ²>��� º-���"��� ®T� * �����% �"��� 
x���*I�V�"% �"��� ³7���"% � �����$% ��/0!#�&�
�&�#/0%JÀ���^)>=�'��"!��")����"*I����¿ ��� �  � � �
»:*+��)�% $!#� !#� % �"��� �# �� � �# � �
ëE%?��&�#����� �# � �# � � �
´A����% �"���G�0�<´<������!�'�% !#�"% �"��� ¼ � ��ê ½ � �
¯(� % ��!#�>=>�"!C¿^�����% �"��� ��� �# � � � �
KE���")�!#�>=>�"!C¿^�����% �"��� Ð�� ��� � � � �
.���&�5������"% �"��� ��ê �#� � ¼ � �
.���)��"� % �"��� Ð#� ��� � � � �
°2=>�"!C¿^�����% �"���2���x�"��&������*+����� ½�� � � � � �
´A�����"!#��!#�"% �"���AÀ��KE� % ¶>% ��� �#Ð ��¼ Ð � � �
´A�����"!#��!#�"% �"��� ê ��½ �C� ¼ � �
´A�����"!�� � � ��ê ��� � �
´A�����"!���À��KE� % ¶>% ��� �&� ��Ð � � � �
´A�����"!��^À�E!#� % ¶>% ���^�0�:À��KE���")�!#�>=�6
�"!C¿�À����� �>� �>� � �#¼ � �

�&�#/0%JÀ���G'�4 % *+�������1#�&�V�"% !#� ê�� ��� � � � �
	 �"!�/F�"!#� % �"��� ¼�� � � � � �
	 �"!�/F�"!#� % �"����À�I/0� % ��!#�>=>�"!C¿�À����� �½ �C� � � � �

����� � s#QSP �:¯)VC�'ifZNVCg��'Y#^ZAw[ZAc=`zVCc=`yifZAwJ�'Y[_R�3_RY¸`adf_Rc'wqX'Z��'�-VCw[ZAw$nydfc'ZAg'Y[ZAw �*ZAc��3_Rg'Y[bAZAc=`zVC\RZ8X'g
c'_RnJ�'Y[Z]X?jM^ZAbz�-VCc�`adfifif_Rc'wWY#^ZAbA_RiS`�^ZAw �W�3_Rg'YKbz�-VCe+g'Z]`¾�#�3ZqifdS`a�'_Rif_R\Rdfe+g'ZCQ

X'ZoY[ZAbAg'dS`aw 0�ifZAwqbAY[dfw¸`zVCg#µ:X'ZoX'df_R�'w[dfX'Zy�'Y#^ZAw[ZAc=`zVCc=`$X'ZAwG��VCbAZy�'i�VCc'ZAwGZ�`JX'ZAwK�[_Rc'b�`adf_Rc'w]`aY[df�'ifZAw�¡V
P5sC� � �¥�-\Rg'Y[ZGs#QSPN�+» ��
��IZ�` ���� �´Q

� ��� � ��� ���� �!�	� ���$�$ ��� �,� 
 � � ���	� �

�=r�^ZAbz�-VCc=`adfifif_Rc'w�_Rc=`8^Z�`�^ZIbA_RififZAb�`�^ZAwWX-VCc'wWifZAwh\=VC�'�'Y[_Rw ��VCg8w[ZAc'w~i�VCY[\RZ ��X'ZIi�VGw[ZAb�`adf_Rc8bAY[g'w¸`zVCifZ
X'Zvikj _R�'�'df_RifdS`aZCQ=}/ZAwhY[_#bz�'ZAwo^Z�`ag'X'd�^ZAZAwWw[Zv�'Y#^ZAw[ZAc=`aZAc=`~X'ZI�'ifg'w[dfZAg'Y[w¨��V��bA_Rc'whw[g'YWifZ~`aZAY[YaVCdfc��+bAZIw[_Rc=`
w[_RdS`�X'ZAw��-if_Rc'w�Y[ZAbA_Rg'�-VCc=`Wikj � 9_C`aZ �*\=VC�'�'Y[_-; <fe+g'Zx_Rg %hZA�'Y[ifdS`adfe+g'Z ��Z�`hY[ZAbA_Rg'�-VCc=`WifZ~ifdS`zVC\RZKif_RY[w[e+g?j dfi
��ZAc Vog'c0¶w[_RdS`IX'ZAw�^ZAbz�-VCc=`adfifif_Rc'wvX'ZJ\=VC�'�'Y[_8ifdS`�^ZAwx_Rg{dfw[_C`aY[_R�3ZAwvX'ZJi�Vyw[ZAb�`adf_Rc{�'ifg�`a_Rc'dfe+g'ZCQ3½¾ifw
_Rc ^Z�`�^ZvY#^ZAbA_RiS`�^ZAw�X-VCc'whifZx�'g�`WX?jM^Z�`zVC�'ifdfY�g'c'ZvbA_Rny�-VCYaVCdfw[_RcyZAc=`aY[ZvifZAw �¨\=VC�'�'Y[_Rw 
 ��VCgow[ZAc'wWi�VCY[\RZ �
noVCc=`aZAifi�VCdfY[ZAw�Z�`hifZAw¨\=VC�'�'Y[_Rw¨bAY[g'w¸`zVCg#µ¶Q'ThZxw[_Rc=`�`aY[_Rdfw�X'df_RY[dS`aZAw 0=g'c'Zx�'i�VC\Rdf_#bAi�VCw[dS`aZ�0<g'c'ZxbAifdfc'_R�=�=�
Y[_Nµ�^ZAc'dS`aZ�03c'ZAg��¨\=VC�'�'Y[_Rc'_RY[dS`aZAw 0§w[d µ�\=VC�'�'Y[_Rwvdfc'X'dS¿x^ZAY[ZAc'bAd�^ZAw 0§e+g'dfc'±AZG\=VC�'�'Y[_Rw¤¡Vy_RifdSº#dfc'Z]Z�`vX'ZAg#µ
`aY[_#b�`a_RifdS`aZAwy¡V�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�/bCj ZAw¸`¸�A¡V5�¾X'dfY[Z$e+g?j¥¡V�e+g'ZAife+g'ZAw]Z´µ�bAZA��`adf_Rc'wq�'YA¡ZAw 0/dfifw�VC�'�-VCY¸`adfZAc'c'ZAc=`
VCg#µ�n 9ZAnyZAw~��VCnydfififZAwWifdS`a�'_Rif_R\Rdfe+g'ZAwKe+g'ZGbAZAififZAwxY[ZAc'bA_Rc=`aY#^ZAZAw�X-VCc'wxifZqnoVCc=`aZNVCg0§ifZAwv�=�#Y[_Nµ�^ZAc'dS`aZAw
ZAc��-VCY¸`adfbAg'ifdfZAYKw[_Rc=`v�'dfZAc�ny_Rdfc'w~Y[ZA�'Y#^ZAw[ZAc=`�^ZAZAw�e+g'ZqX-VCc'wvifZ]noVCc=`aZNVCg�Z�`vifZ���VCbAdk¡ZAw~X'Zq`aY[_#b�`a_RifdS`aZ
�'g'Y[ZJZAw¸`qVC�'w[ZAc=`(0?ch^ZNVCc'ny_Rdfc'w 03ikjM^Z�`ag'X'ZJdfbAd��'Y#^ZAw[ZAc=`�^ZAZ¤c?jM^Z�`zVCc=`]�-VCwIZ´µ��-VCg'w¸`adSºRZ�0/bAZAw�bA_Rc'bAifg'w[df_Rc'w
Y[ZAw¸`aZAc=`vw[g5�[Z�`[`aZAw$¡V$bNVCg�`adf_Rc?Q
²IZ��-VCY?ifZAg'Y[w?`aZ´µ#`ag'Y[ZAw 05nydfch^ZAYaVCif_R\RdfZAw3Z�`�VCg�`aY[ZAw/bNVCYaVCb�`N¡ZAY[ZAw"�h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAw 0NbAZAw�^ZAbz�-VCc=`adfifif_Rc'w

c'Z�w[_Rc=`~�-VCwW�*_Rc'X-VCnyZAc=`zVCifZAnyZAc=`KX'dS¿x^ZAY[ZAc=`awKX'ZAw�^ZAbz�-VCc=`adfifif_Rc'whnoVCc=`aZAifi�VCdfY[ZAw��¥ºR_RdfYh�-\Rg'Y[ZAwxs#QSPN�=| 0
s#QSPN� � 0¶s#QSP5»C� 0?s#QSP5»#PGZ�`]s#QSP5»Rs�� 03dfifw~w[_Rc=`�bAZA�3ZAc'X-VCc=`]\)^ZAch^ZAYaVCifZAnyZAc=`I�'dfZAc!�'ifg'wIVCiS`�^ZAY#^ZAwAQ¶��_Rg'YIifZAw
X'dS¿x^ZAY[ZAc=`aw¨`¾�#�3ZAw�ifdS`a�'_Rif_R\Rdfe+g'ZAw 0<ifZAw¨bNVCYaVCb�`�^ZAY[dfw¸`adfe+g'ZAw��h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAw¨w[_Rc=`hw[ZAnJ�'i�VC�'ifZAwv¡V]bAZAififZAw
Xh^Z¾�5¡V¤Xh^ZAbAY[dS`aZAwxVCg�bA_Rg'Y[wxX'Z]bAZ]bz�-VC�'dS`aY[ZqVNºRZAbqe+g'ZAife+g'ZAwxX'dfw[w[ZAnJ�'i�VCc'bAZAw~nydfc'ZAg'Y[ZAw��



¢ " � �¨�#��H�#;<¦"%->3�5��(�(*B3>��$;R4<,�����%-,/. D§D �

,u��8"�&�#/0���"/0%0���� ,-$8G�L��*+%JÀ���"�A�$!#�?���"%?������#í���%?/0!#�?�7/0�"!#%?������

�$	���� s#QSPN�=| � ^��bz�-VCc=`adfifif_Rc�X'Z `aY[_#b�`a_RifdS`aZ�¡V bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z:bAY[g'w¸`zVCifZ�X'g�noVCw[w[dS�JX'Z �#g'noV�j dfi
��^ZAbz�-VCc=`adfifif_Rc �=r � P5»�� 0-i�VJ��VCbAZ]w[bAd�^ZAZqX'Z]ikjM^ZAbz�-VCc=`adfifif_Rc�ny_Rc=`aY[Z]e+g?j dfi/ZAw¸`v�h^Z�`�^ZAY[_R\'¡ZAc'Z
�§ZAc�i�VCnyZ
nydfc'bAZ�0'ifZ�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z]ZAw¸`v�  ]bAdfifdS`adfe+g'ZvZ�`xikj _RifdSº#dfc'Zxdfc=`aZAY[w¸`adfbAdfZAififZ�VCg�`a_Rg'YKX'ZAwx�'i�VC\Rdf_#bAi�VCw[ZAwAQ

� �3_Rg'YxifZAwx`aY[_#b�`a_RifdS`aZAwJ¡VybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0¶_Rc!_R�'w[ZAY¸ºRZJX'ZAwv`aZ´µ#`ag'Y[ZAwIX'ZGn�^ZAw[_#bAg'nJg'i�V<`xºR_RdfY[ZX?j _RY¸`a�'_#bAg'nJg'i�V<`�VNºRZAbvX'ZAw�bAY[dfw¸`zVCg#µ¤w[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�X'Z~�'i�VC\Rdf_#bAi�VCw[ZWZ�`hX?j _RifdSº#dfc'ZWdfc'bAifg'w
X-VCc'w$X'ZAw$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw¤�  ]bAdfifdS`adfe+g'ZAw�¥�-\Rg'Y[Z�s#QSPN�=|��´Q)}/ZAw$X'ZAg#µ�^ZAbz�-VCc=`adfifif_Rc'w�^Z�`ag'X'd�^ZAw
c'Z8w[_Rc=`¤c'dhXh^Z��*_RY[n�^ZAwJc'dhY[ZAbAY[dfw¸`zVCififdfw#^ZAwqnoVCdfwq�'Y#^ZAw[ZAc=`aZAc=`og'c'Z8_RY[dfZAc=`zV<`adf_Rc:�'Y#^Z���^ZAY[ZAc=`adfZAififZ
X'ZAwqnydfch^ZAYaVCg#µ{Z´µ��'Y[dfnoVCc=`]waVCc'wqX'_Rg�`aZ¤ifZ¤ifdS`zVC\RZJX'Z¤i�V�Y[_#bz�'Z
�"ifZAw{^ZAbz�-VCc=`adfifif_Rc'wI�'Y#^ZAifZ�º¨^ZAw
c?jM^Z�`zVCc=`G�-VCwG_RY[dfZAc=`�^ZAw 0"bAZ�`[`aZo�=�#�3_C`a�?¡ZAw[Z8c'Zy�3ZAg�`�9Z�`aY[ZydfbAd�bA_Rc��-Y[n�^ZAZ�0�bAZAbAdhV�ch^ZNVCc'ny_Rdfc'w
^Z�`�^Z¤_R�'w[ZAY¸º¨^ZyX'Z¤c'_RnJ�'Y[ZAg'w[ZAw]�*_RdfwIX-VCc'w]i�V8w#^ZAe+g'ZAc'bAZoX'Z¤\=VC�'�'Y[_Rw]ifdS`�^ZAw ��²�VC�'i 0)P-�R|C� �/��YM�
c'Z %hZAdfc0¨P-�R|=r�� �hVC_Rg-VCc'bAe VCc'X ��VCbN}/ZA_#X0)sC�R�R� �"t]VCY[Y[dfX'_�Z�`JVCikQ 0"sC�R��P��´Q/}"V��'Y[_R�3_RY¸`adf_Rc
X'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�ZAw¸`¤�*_RY¸`aZ �ksC� 
 Z�`y�R� 
 �GX-VCc'w¤ifZAw$i�VCnyZAw 0�noVCdfw 0)bA_RnynyZ8�3_Rg'Y$ifZAw
^ZAbz�-VCc=`adfifif_Rc'w¨noVCc=`aZAifi�VCdfY[ZAw 0Ci�V]Y[_#bz�'ZxZAw¸`h�h^Z�`�^ZAY[_R\'¡ZAc'Z¤¡Vqg'c'Z�^ZAbz�'ZAififZ~�'ifg'w�\RYaVCc'X'Zxe+g'ZxbAZAififZ
X'Z]i�VJi�VCnyZ
�

� �3_Rg'YIifZAwv\=VC�'�'Y[_Rwo¡Vo_RifdSº#dfc'Z�0§_Rc{_R�'w[ZAY¸ºRZ¤X'ZAwI`aZ´µ#`ag'Y[ZAw]ifZG�'ifg'wIw[_Rg�ºRZAc=`qX?j VCX'bAg'nJg'i�V<`IZ�`YaVCY[ZAnyZAc=`8X'Z{n�^ZAw[_#bAg'nJg'i�V<` �¥�-\Rg'Y[Z s#QSPN� ��� 0¨X'ZAg#µ^ZAbz�-VCc=`adfifif_Rc'wy�'Y#^ZAw[ZAc=`aZAc=`�g'c'Z���VCdf�'ifZ
Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc0<ifZAw�VCg�`aY[ZAwhc'Zxw[_Rc=`h�-VCw�Xh^Z��*_RY[n�^ZAw�noVCdfw��'Y#^ZAw[ZAc=`aZAc=`W`a_Rg5�[_Rg'Y[w¨g'c'Zv_RY[dfZAc#�
`zV<`adf_Rc]�'Y#^Z���^ZAY[ZAc=`adfZAififZ�X'ZAw�bAY[dfw¸`zVCg#µ¶Q<}/Z¨bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�w[Z��'i�VCbAZ¨ZAcG�3_Rw[dS`adf_Rc�dfc=`aZAYM�¾bAg'nJg'ifg'w
Z�`¨ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Zxc?j ZAw¸`��'Y#^ZAw[ZAc=`he+g?j ZAc¤��VCdf�'ifZh�'Y[_R�3_RY¸`adf_Rc$Z�`¨X-VCc'w¨ifZAw�dfc=`aZAY[w¸`adfbAZAw¨i�VCdfw[w#^ZAw
�-VCYKifZAwxVCg�`aY[ZAw~�'�-VCw[ZAw �

� ifZAw�\=VC�'�'Y[_Rw�dfc'X'dS¿x^ZAY[ZAc'bAd�^ZAw�w[_Rc=`¨�'Y[_R�3_RY¸`adf_Rc'c'ZAififZAnyZAc=`)�'ifg'w�VC�3_Rc'X-VCc=`aw�e+g'ZKX-VCc'w�ifZWnoVCc#�`aZNVCg0¨ifZAg'Y[wy`aZ´µ#`ag'Y[ZAwow[_Rc=`o`aYA¡ZAwyºCVCY[d�VC�'ifZAw¤Z�`oifZAwoY[ZAi�V<`adf_Rc'wJ`aZ´µ#`ag'YaVCifZAwoZAc=`aY[Z�nydfch^ZAYaVCg#µ
dfc'X'dfe+g'ZAc=`v�-VCY¸�*_Rdfw~g'c'ZqbAY[dfw¸`zVCififdfwaV<`adf_Rc8�'Y#^ZAbA_#bAZGX'g��'i�VC\Rdf_#bAi�VCw[Z �¥�-\Rg'Y[ZAw�s#QSP5»C�¤Z�`�s#QSP5»#P�� 0
noVCdfwvVCg'w[w[d�ifZJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z$ZAw¸`��-VCY¸�*_RdfwvifZJnydfch^ZAYaVCi"ifZJ�'ifg'wI�'Y#^ZAbA_#bAZ � hY[_ %~c'dfc'\ 0�P-�R|=s��
}/df�'�-VCY[X�Z�`GVCikQ 0�P-�R|����´Q?½¾ifwqw[_Rc=`Gw[_Rg�ºRZAc=`JY[dfbz�'ZAwqZAc�VCny�'�'df�3_RifZAw 0?ZAc:bA_Rc=`aZAc-VCc=`K�[g'w[e+g?j¥¡V
g'c'Z]�'Y[_R�3_RY¸`adf_Rc�X'Z]�+» 
�0-Z�`xi�VJbAY[dfw¸`zVCififdfwaV<`adf_RcoX'Z]bAZ]nydfch^ZAYaVCi?ZAw¸`~`zVCY[X'dSºRZ
�



D§D 2 EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8"�&�#/0�.²�/0%0���� ,-$8G�L��*+%JÀ���"�A�$!#�?���"%?������#í���%?/0!#�?�7/0�"!#%?������

�$	���� s#QSPN� � � ^��bz�-VCc=`adfifif_Rc�X'Z�\=VC�'�'Y[_�¡V�_RifdSº#dfc'Z�Z�`�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z ¡V�`aZ´µ#`ag'Y[Z!X?j VCX'bAg'nJg'i�V<`
�'Y#^ZAifZ�º¨^Z]X-VCc'w~i�V$bAY[_:9g�`aZ�\=VC�'�'Y[_-; <fe+g'Z �*noVCw[w[dS�)X'Z=�#g'noV�j dfi 0¨^ZAbz�-VCc=`adfifif_Rc �=r � P5s��´Q

� ifZAwJ\=VC�'�'Y[_Rc'_RY[dS`aZAwJw[_Rc=`¤w[_Rg�ºRZAc=`oX?j VCc'bAdfZAc'c'ZAw$�3ZA\RnoV<`adS`aZAwJXh^Z��*_RY[n�^ZAZAw$Z�`¤�-VCY¸`adfZAififZAnyZAc=`Y[ZAbAY[dfw¸`zVCififdfw#^ZAZAw 0'i�V¤Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc8VCg#µJ�[_Rdfc=`aw~X'Zq\RYaVCdfc'w~�3ZAg�`=9Z�`aY[Z]`aYA¡ZAwx�3_Rg'w[w#^ZAZ �¥�-\Rg'Y[Z
s#QSP5»Rs��~Y[ZAc'X-VCc=`�dfc=º#dfw[df�'ifZGi�V¤`aZ´µ#`ag'Y[Z$�'Y[dfnoVCdfY[ZCQ*�vg'bAg'c X'ZJbAZAw!^ZAbz�-VCc=`adfifif_Rc'wvc'ZJbA_Rc=`adfZAc=`
X?j _RifdSº#dfc'Z�0+i�Vq�'Y[_R�3_RY¸`adf_RcoX'ZIbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZIZAw¸`~bA_Rny�'Y[dfw[ZxZAc=`aY[Z$P�� 
�Z�`W�+» 
�waVCg����3_Rg'Y
g'c�^ZAbz�-VCc=`adfifif_Rc�X'Z]c'_RY[dS`aZ�_/¡g�ZAififZIZAw¸`xc+g'ififZ�0'i�V$�'Y[_R�3_RY¸`adf_Rc�X'Z]�'i�VC\Rdf_#bAi�VCw[ZxºCV¤X'ZG»C� 
 ¡V
|R� 
�Z�`xbAZAififZIX?j _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGX'ZG» 
 ¡Vy�R� 
 �

� i�V8w[ZAg'ifZ$bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZ�^ZAbz�-VCc=`adfifif_Rc'ch^ZAZJZAw¸`qg'c'Z$�3ZA\RnoV<`adS`aZJY[ZAi�V<`adSºRZAnyZAc=`]VCiS`�^ZAY#^ZAZ�0?ZAififZc'Z]bA_Rc=`adfZAc=`vVC�'�-VCY[ZAnynyZAc=`~c'd/_RifdSº#dfc'Zvc'd/_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z
�
� i�VGw[ZAg'ifZ��'i�VC\Rdf_#bAi�VCw[dS`aZ�^ZAbz�-VCc=`adfifif_Rc'ch^ZAZI�'Y#^ZAw[ZAc=`aZ]g'c'ZI`aZ´µ#`ag'Y[Z]X?j VCX'bAg'nJg'i�V<`G¡VJ\RYaVCdfc'wh�-c'w 0ZAififZIc'Z]bA_Rc=`adfZAc=`xc'd/_R�-VCe+g'Z]c'd"VCny�'�'df�3_RifZ
�
� ZAc��-c0R�-VCY[nyd#ifZAw�`aY[_Rdfw)X'df_RY[dS`aZAw 0<g'c'ZW�'Y#^ZAw[ZAc=`aZ~g'c'Zh`aZ´µ#`ag'Y[ZKX?j VCX'bAg'nJg'i�V<`x¡Vv\RYaVCdfc'w)ny_��RZAc'wZ�`KifZAwWX'ZAg#µ�VCg�`aY[ZAwKg'c'ZI`aZ´µ#`ag'Y[Z�X'_Ri�^ZAY[dS`adfe+g'ZCQ���ififZAwhw[Z�bA_Rny�3_Rw[ZAc=`~\RY[_Rw[w[_<�¾ny_#X'_GX'Zq»C� 

X'Z]�'i�VC\Rdf_#bAi�VCw[ZvZ�`xX'ZG»C� 
�X?j VCny�'�'df�3_RifZCQ

ThZAw~�=rqY[_#bz�'ZAwKc'ZIY[ZA�'Y#^ZAw[ZAc=`aZAc=`xbAZA�3ZAc'X-VCc=`~�-VCwWg'c ^ZAbz�-VCc=`adfifif_Rc'c-VC\RZxw[g �ywaVCc=`~�3_Rg'Yy^Z�`zVC�'ifdfY
X'ZAw8\)^ZAch^ZAYaVCifdS`�^ZAwyw[g'Yoi�V�w[ZAb�`adf_Rc�bAY[g'w¸`zVCifZ�Z�`o��VCdfY[Z�g'c'Z�bA_Rny�-VCYaVCdfw[_Rc ºCVCi�VC�'ifZ
��noVCdfw¤_Rc �3ZAg�`
w[Z8�-VCw[ZAYG�3_Rg'YGbAZAi�V�w[g'YGX'ZAw:^Z�`ag'X'ZAwG`aYA¡ZAwJbA_Rny�'ik¡Z�`aZAwGXh^Z¾�5¡V�Y#^ZNVCifdfw#^ZAZAwGw[g'YGifZAwG\=VC�'�'Y[_RwG_RnoVCc-VCdfw
���)VCififdfw¸`aZAYGVCc'X�°x_R�'w[_Rc0hP-�R|�P�� hY[_ %~c'dfc'\ 0hP-�R|=s���²�VC�'i 0¨P-�R|C� ����Y[c'Z %hZAdfc0WP-�R|=r�� �vnyY[d 0�P-���=»��
��VCbN}/ZA_#X!VCc'X �hVC_Rg-VCc'bAe*0¶sC�R�R� � �hVC_Rg-VCc'bAe�VCc'X+��VCbN}/ZA_#X0¶sC�R�R� �§t]VCY[Y[dfX'_¤Z�`vVCikQ 03sC�R��P��´Q§ThZAw
^Z�`ag'X'ZAwyny_Rc=`aY[ZAc=`¤g'c'Z�\RYaVCc'X'Z�ºCVCY[d�^Z�`�^Z8X'Z�ifdS`a�'_Rif_R\RdfZAw]Z�`yX'Z8`aZ´µ#`ag'Y[ZAw 0¨ZAififZAwJbA_Rc��-Y[nyZAc=`ye+g?j¥¡V
ikj Z´µ�bAZA��`adf_RcoX'ZvbAZAY¸`zVCdfc'ZAw��=�#Y[_Nµ�^ZAc'dS`aZAw 0�_RcoY[Z�`aY[_Rg�ºRZvX-VCc'whi�V]bAY[_:9g�`aZxi�V]e+g-VCw[d � `a_C`zVCifdS`�^ZWX'ZAw�`¾�#�3ZAw
ifdS`a�'_Rif_R\Rdfe+g'ZAwhXh^ZAbAY[dS`aw~X-VCc'w~ifZAwW�-if_Rc'w~X'g�noVCc=`aZNVCg?Q
}/ZAw"\=VC�'�'Y[_Rw 0N\=VC�'�'Y[_Rwh¡VW_RifdSº#dfc'Z)Z�`"\=VC�'�'Y[_Rc'_RY[dS`aZAw�¡Vh`aZ´µ#`ag'Y[Z¨X?j VCX'bAg'nJg'i�V<`/_Rg]X'Z�n�^ZAw[_#bAg'nJg'i�V<`

Y[ZA�'Y#^ZAw[ZAc=`aZAc=`�ifZAw~ifdS`a�'_Rif_R\RdfZAwWifZAw~�'ifg'w~bA_Rg'YaVCc=`aZAwvnoVCdfwKifZAwK`aY[_#b�`a_RifdS`aZAwKZ�`x`aY[_#b�`a_RifdS`aZAwq¡VybAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'Z:¡V�`aZ´µ#`ag'Y[Z8X?j VCX'bAg'nJg'i�V<`$Z�`$X'Z8n�^ZAw[_#bAg'nJg'i�V<` �¥ºR_RdfY[Z8X?j _RY¸`a�'_#bAg'nJg'i�V<`GX-VCc'w$ifZobNVCwJX'Z



¢ " � �¨�#��H�#;<¦"%->3�5��(�(*B3>��$;R4<,�����%-,/. D§D#O

,u��8 �&�#/0�.�"/0%0����A'��A�J45���/�)&�����"% � � !#� ,-$87� ��*+�#í�� ��*+%JÀ���"�<�$!#�?���"%?������#í>��%?/0!#�?�7/0�"!#%?������

�$	���� s#QSP5»C� � ^��bz�-VCc=`adfifif_RcyX'Zv\=VC�'�'Y[_GY[dfbz�'ZvZAc�VCny�'�'df�3_RifZG¡V]`aZ´µ#`ag'Y[ZIX'Zvn�^ZAw[_#bAg'nJg'i�V<` �*noVCw[w[dS�
X'Z=��VCYaVCnydv^ZAbz�-VCc=`adfifif_Rc �=r�� ��»��´Q

bAZAY¸`zVCdfc'ZAw�`aY[_#b�`a_RifdS`aZAw�¡V�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �8w[_Rc=`�bA_RnynJg'c'ZAw�X-VCc'w�i�V�w#^ZAe+g'ZAc'bAZ:ifdS`�^ZAZ{n 9ZAnyZ{w[d 0
bA_RnynyZ]_Rc�ºCVyifZ�ºR_RdfY 0-ifZAwK`aY[_#b�`a_RifdS`aZAwG¡V¤`aZ´µ#`ag'Y[ZAwvny_RwaV(; <fe+g'ZAw~w[_Rc=`IYaVCY[ZAwxX-VCc'wxi�V$w[ZAb�`adf_Rc�bAY[g'wM�
`zVCifZAwhZ�`Ke+g?j ZAififZAwWc?j _Rc=`K�-VCwKi�Vqn 9ZAnyZvw[df\Rc'dS�-bNV<`adf_Rcoe+g'Z�ifZAw�`aY[_#b�`a_RifdS`aZAw�X'g�noVCc=`aZNVCg?Q�}/ZAwW��VCbAdk¡ZAw
X?j dfny�'Y#^ZA\Rc-V<`adf_Rc'w 03�-VCY[±A�'g'Y[\RdS`aZAwy¡V8�'i�VC\Rdf_#bAi�VCw[Z]Z�`´³<_Rg{bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z$Z�`]X'g'c'dS`aZAwy¡V8�'i�VC\Rdf_#bAi�VCw[Z
Z�`´³<_Rg!bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZGw[_Rc=`I�'Y#^ZAw[ZAc=`aZAw�w[_Rg'wv�*_RY[nyZqX?j dfc=`aY[g'w[df_Rc'w~`zVCY[X'dSºRZAwvX?j g'iS`aYaVC�-VCw[dS`aZAwxY[ZAbA_Rg#�
�-VCc=`yi�V{w[ZAb�`adf_Rc��'ifg�`a_Rc'dfe+g'Z�bAY[g'w¸`zVCifZ�¡V{`a_Rg'w¤ifZAw¤c'dSºRZNVCg#µ � �#nyZ %~dfc'\ 0KP-�R|�P�� /~_C`a�'ZAY¸��0KP-�R|=s��
hY[_ %~c'dfc'\ 0hP-�R|=s���²�VC�'ihZ�`¤VCikQ 0hP-�R|R� �)²�VC�'i 0�P-�R|C� � hY[_ %~c'dfc'\ 0hP-�R|C� ����Y[c'Z %hZAdfc0WP-�R|=r�� 0)_Rc��
_R�'w[ZAY¸ºRZqX'ZAw~_RifdSº#dfc'ZAwhZ�`xw[�'dfc'ZAififZAwWw[g'�#�MVCg�`a_Rny_RY[�'�'ZAwG¡V¤VCg�`a_Rny_RY[�'�'ZAwKw[g'YW�*_Rc'X�X'Z]�'i�VC\Rdf_#bAi�VCw[Z�0
bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z]Z�`´³<_Rg�VCny�'�'df�3_RifZv�  ]bAdfifdS`adfe+g'ZAw��#ifZAg'Y[wW`aZ´µ#`ag'Y[ZAwxw[_Rc=`x�-VCY¸��VCdS`aZAnyZAc=`Kw[ZAnJ�'i�VC�'ifZAw
¡VybAZAififZAw~X'ZAwvdfny�'Y#^ZA\Rc-V<`adf_Rc'wKX-VCc'wvifZ]noVCc=`aZNVCg�Z�`vifZAg'Y[wxnydfch^ZAYaVCif_R\RdfZAwWX'dS¿)¡ZAY[ZAc=`v�-VCY¸�*_Rdfw~X'g���VCdS`
X'ZIikj VC�'w[ZAc'bAZIX?j VCny�'�'df�3_RifZ~X-VCc'wWifZAwW�h^ZAY[dfX'_C`adS`aZAw�dfny�'Y#^ZA\Rch^ZAZAwAQ'}/ZAwW\=VC�'�'Y[_Rc'_RY[dS`aZAwh�3ZAg�ºRZAc=` 9Z�`aY[Z
VCw[w[ZA±!Y[dfbz�'ZAw8ZAc _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw �*�'ifg'woX'Z{sC� 
 � 0hZ�`8X'ZAwo\=VC�'�'Y[_Rc'_RY[dS`aZAw ¡V�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw
�'Y#^ZAbA_#bAZAwx`aYA¡ZAwvVC�3_Rc'X-VCc=`aZAwx_Rc=`�^Z�`�^ZqX'_#bAg'nyZAc=`�^ZAZAwvX-VCc'wxifZAwxnoVCw[w[dS�*w~X'ZG°vVN�#i�VN�#c03°xdfiS`ad¶Z�` +)df±A�
� �#nyZ %~dfc'\ 0)P-�R|�P��?²�VC�'i 0�P-�R|C� �?}"VCbz�'df±AZ�0�P-���R� �?}"VCbz�'df±AZ$Z�`qVCikQ 0)P-����� �1�vnyY[d 0�P-���=»�� 0¶ZAififZAwIw[_Rc=`
�*Y#^ZAe+g'ZAc=`aZAwv�-VCY[nyd?ifZAw~bAg'nJg'i�V<`awKdfw[_C`aY[_R�3ZAw~X'Z]i�V$bAY[_:9g�`aZ��-VCY~bA_Rc=`aY[Z�0-ifZAw~c'_RY[dS`aZAw~w[ZAnJ�'ifZAc=`	9Z�`aY[Z
VCw[w[ZA±qYaVCY[ZAwAQ

��dfwq¡VG�-VCY¸`KbAZAwKe+g'ZAife+g'ZAwKc+g-VCc'bAZAw~Z�`KifZAwh�'Y[_R�3_RY¸`adf_Rc'whY[ZAi�V<`adSºRZAwhX'ZAwKX'dS¿x^ZAY[ZAc=`aZAwKifdS`a�'_Rif_R\RdfZAw 0
ifZAwW\=VC�'�'Y[_RwK�-VCg�º#Y[ZAw~ZAc�_RifdSº#dfc'Z �¥ºR_RdfY[ZIwaVCc'w~_RifdSº#dfc'Z ��c'_C`zVCnynyZAc=`Kw[_Rc=`~ZAc�ny_��RZAc'c'Z]�'dfZAc��'ifg'w
bA_RnynJg'c'w¨e+g'ZxX-VCc'w¨ifZKnoVCc=`aZNVCg0=_Rcy�3ZAg�`�w[_Rg'ifdf\Rc'ZAY�`aY[_Rdfw�X'dS¿x^ZAY[ZAc'bAZAw¨�*_Rc'X-VCnyZAc=`zVCifZAw¨ZAc=`aY[ZxifZAw
\=VC�'�'Y[_Rw~noVCc=`aZAifi�VCdfY[ZAwhZ�`xbAY[g'w¸`zVCg#µ��

� ifZ�ifdS`zVC\RZ)bNVCYaVCb�`�^ZAY[dfw¸`adfe+g'Z�X'ZAw"\=VC�'�'Y[_Rw/X'Z¨�-VCw[Z¨X'Z�bAY[_:9g�`aZ�bA_RY[Y[ZAw[�3_Rc'Xq�-VCY¸�*_Rdfw 0AX-VCc'w/i�Vh`aZ´µ+�`ag'Y[ZKX'ZAw�i�VCnyZAw�nydfc'bAZAw 0§¡VIg'c'Z~_RY[dfZAc=`zV<`adf_RcG�'Y#^Z���^ZAY[ZAc=`adfZAififZWX'ZAw¨w[ZAb�`adf_Rc'w�X'ZKnydfch^ZAYaVCg#µJwaVCc'w
X'_Rg�`aZI�'Y[_�ºR_#e+gh^ZAZ]�-VCYWifZ,--g#µ�noVC\RnoV<`adfe+g'Zxif_RY[whX'Z�i�VGbAY[dfw¸`zVCififdfwaV<`adf_Rc¤X-VCc'wWg'c'Z�bz�-VCnJ�'Y[Z
� hZAc'c�VCc'X �vifi�VCY[X0hP-�R|�� �
�xdfbA_Ri�VCw 0hP-�R|�� ���xdfbA_Ri�VCw 0hP-���=s��´Q�ThZ��'�h^ZAc'_Rn�¡ZAc'Z��-VCY¸`adfbAg'ifdfZAY
c?j ZAw¸`��-VCw8_R�'w[ZAY¸º¨^Z{X-VCc'w8ifZAwo�-if_Rc'woX'g noVCc=`aZNVCg0�ch^ZNVCc'ny_Rdfc'w 0hifZ�ifdS`zVC\RZ�X'ZAw�bAg'nJg'i�V<`aw



D§D $ EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

,u��8G�L��*+%JÀ���"�<�$!#�?���"%?������#í>��%?/0!#�?�G�&������� �JÀ��� ��� ,-$8G�L��*+%JÀ���"�A�$!#�?���"%?������#í���%?/0!#�?�7/0�"!#%?������

�$	���� s#QSP5»#P ��}"VCnyZ�X'Z�\=VC�'�'Y[_ ¡V�VCny�'�'df�3_RifZ ¡V{`aZ´µ#`ag'Y[Z�X?j VCX'bAg'nJg'i�V<` �*noVCw[w[dS�vX'Z ��g'w[df�'dS`(0
^ZAbz�-VCc=`adfifif_Rc'w~�R� � ��P��´Q

ifdS`�^ZAwGbAY[g'w¸`zVCg#µ�wAj Z´µ��'Y[dfnyZ8w[g'Y¸`a_Rg�`¤�-VCY$X'ZAwJºCVCY[d�V<`adf_Rc'wqX'ZAw¤�'Y[_R�3_RY¸`adf_Rc'wGX'Z��'�-VCw[ZAw¤e+g'd
�3ZAg�ºRZAc=` 9Z�`aY[ZJ`aYA¡ZAw]dfny�3_RY¸`zVCc=`aZAw 0¶bAZ$e+g'Z¤ikj _Rc{Y[Z�`aY[_Rg�ºRZ¤�*Y#^ZAe+g'ZAnynyZAc=`]X-VCc'w]ifZAwI\=VC�'�'Y[_Rw
¡V�_RifdSº#dfc'ZJZAc �-if_Rc X-VCc'w]ifZ$noVCc=`aZNVCg��¥�-\Rg'Y[Zos#QmsR»��vnoVCdfwIe+g'd¨ZAw¸`qifdfnydS`�^ZqX'g���VCdS`�X'Z¤ifZAg'Y
ny_#X'Z�X?j V<¬yZAg'Y[ZAnyZAc=` �

� X-VCc'w~i�VJw[ZAb�`adf_Rc�ifZAwK\=VC�'�'Y[_RwKifdS`�^ZAwWbAY[g'w¸`zVCg#µ10§ifZAwK�=�#Y[_Nµ�^ZAc'dS`aZAwxw[_Rc=`x�'Y#^ZAw[ZAc=`aZAwxw[_Rg'wK�*_RY[nyZX?j dfc=`aY[g'w[df_Rc'w$_Rg�X'Z�ifdS`awJY[dfbz�'ZAw¤ZAc��=�#Y[_Nµ¶¡ZAc'ZAw �*bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw¤ZAw[w[ZAc=`adfZAififZAnyZAc=` �´Q¨²�VCc'w
bAZqX'ZAY[c'dfZAYxbNVCw 0§bAZqw[_Rc=`Iw[_RdS`~X'ZAwIVCX'bAg'nJg'i�V<`aw~bAifdfc'_R�=�#Y[_Nµ�^ZAc'_RifdS`adfe+g'ZAw~w[ZAnJ�'i�VC�'ifZAwJ¡V¤bAZAg#µ
Xh^ZAbAY[dS`aw¤X-VCc'w¤ifZ�noVCc=`aZNVCg0�w[_RdS`¤X'ZAw¤_RY¸`a�'_#bAg'nJg'i�V<`aw�¡V{�3Z�`adS`aw¤bAY[dfw¸`zVCg#µ�X'Z��'i�VC\Rdf_#bAi�VCw[ZAw
ZAc'\Rif_R�h^ZAw�X-VCc'w�X'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw��  ]bAdfifdS`adfe+g'ZAw�VCw[w[ZA±�c'_RnJ�'Y[ZAg#µ��3_Rg'Y 9Z�`aY[Zo�[_Rdfc=`adS�*w
Z�`��*_RY[nyZAY8ikj ZAw[w[ZAc=`adfZAiIX'Z{i�V�Y[_#bz�'ZCQK}/ZAw�bA_Rny�3_Rw[dS`adf_Rc'wony_#X-VCifZAwoX'ZAw�dfc=`aY[g'w[df_Rc'w8g'iS`aYaV5�
�-VCw[dfe+g'ZAw8ºCVCY[dfZAc=`�X'Z{i�V %hZA�'Y[ifdS`aZ{VCg w[ZAc'w�i�VCY[\RZ �*_RifdSº#dfc'Z � bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z � �'i�VC\Rdf_<�
bAi�VCw[ZqZ�`´³<_Rg�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z �$¡Vyi�Vyn�^ZAi�VCc'_<� `aY[_#b�`a_RifdS`aZ �*�'i�VC\Rdf_#bAi�VCw[ZI�'ifg'wvVC�3_Rc'X-VCc=` �~_Rg�¡V
i�V�%hZA�'w¸`�^ZAY[dS`aZ ¡V�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z8�  ]bAdfifdS`adfe+g'ZAw��?X-VCc'w]`a_Rg'wqifZAwqbNVCw 0"ZAififZAw]�'Y#^ZAw[ZAc=`aZAc=`$X'ZAw
`aZ´µ#`ag'Y[ZAw$X'Z8n�^ZAw[_#bAg'nJg'i�V<`G_Rg�X?j _RY¸`a�'_#bAg'nJg'i�V<`JVNºRZAb�X'ZAw$_RifdSº#dfc'ZAwqw[g'�#�MVCg�`a_Rny_RY[�'�'ZAw�¡V
VCg�`a_Rny_RY[�'�'ZAw�dfc'bAifg'w[ZAw�X-VCc'w�X'ZAw]�'i�VC\RZAw�X'Z$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw]_Rg X'Z$�'i�VC\Rdf_#bAi�VCw[ZAwv�  ]bAdfifd �
`adfe+g'ZAw � %hZA�'Y[ifdS`aZAwW_Rg�n�^ZAi�VCc'_<� `aY[_#b�`a_RifdS`aZAw � 0R_Rg��'dfZAc8X'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZIw[g'�#�MVCg�`a_Rny_RY[�'�'ZAw
¡V VCg�`a_Rny_RY[�'�'ZAw�dfc'bAifg'w�X-VCc'w�X'Z�ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z��  ]bAdfifdS`adfe+g'Z�� %hZA�'w¸`�^ZAY[dS`aZAw �´QIlIc�_R�#�
w[ZAY¸ºRZ�X'_Rc'b8X'ZAw %hZA�'Y[ifdS`aZAw�¡V�`aZ´µ#`ag'Y[Z8X'Z8n�^ZAw[_#bAg'nJg'i�V<`G�'Y[_#bz�'ZAw$X'Z8bAZAififZAwGX'g�noVCc=`aZNVCg
Z�`(0WVNºRZAb ifZAwoifdS`awoY[dfbz�'ZAw8ZAc�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z{X'ZAw�\=VC�'�'Y[_Rw8ifdS`�^ZAw 0�X'ZAw8bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw:¡V
`aZ´µ#`ag'Y[ZqX?j VCX'bAg'nJg'i�V<`NQ§�)VCY~bA_Rc=`aY[Z�0§X-VCc'w~ifZAw�%hZA�'w¸`�^ZAY[dS`aZAwvX'g�noVCc=`aZNVCg0-ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z
ZAw¸`qnoV��[_RY[dS`zVCdfY[ZAnyZAc=`�i�V8�'Y[ZAnydk¡ZAY[Z¤�'�-VCw[Zye+g'd�bAY[dfw¸`zVCififdfw[Z�0¶Z�`qn 9ZAnyZ$wAj dfi¨VCY[Y[dSºRZ$e+g?j dfi�w[_RdS`
�3_Rw¸`¸�¾bAg'nJg'ifg'w 0�dfiRc'Z�w[Z¨�'Y#^ZAw[ZAc=`aZ"�aVCnoVCdfw?X'Z���V��bA_Rcq�  ]bAdfifdS`adfe+g'Z�bA_RnynyZ�X-VCc'w�ifZAw"dfc=`aY[g'w[df_Rc'w
g'iS`aYaVC�-VCw[dfe+g'ZAw"bAY[g'w¸`zVCifZAw 05ifZAw�%hZA�'w¸`�^ZAY[dS`aZAw)bAY[g'w¸`zVCifZAw�Z�`�noVCc=`aZAifi�VCdfY[ZAw/w[_Rc=`)X'_Rc'b��*_Rc'X-VCnyZAc#�
`zVCifZAnyZAc=`hX'dS¿x^ZAY[ZAc=`aZAwAQ§«Ig-VCc=`¸�MVCg#µ8_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0'ZAififZAw�w[_Rc=`W`a_C`zVCifZAnyZAc=`KVC�'w[ZAc=`aZAwKX'Z
i�VJw[ZAb�`adf_Rc�bAY[g'w¸`zVCifZ
�



¢ " � �¨�#��H�#;<¦"%->3�5��(�(*B3>��$;R4<,�����%-,/. D§D �

�$	���� s#QSP5»Rs ��t]VC�'�'Y[_Rc'_RY[dS`aZ�bAY[g'w¸`zVCifZ��-VCYM�
`adfZAififZAnyZAc=`IY[ZAbAY[dfw¸`zVCififdfw#^ZAZGX-VCc'w]ifZ$�'i�VC\Rdf_#bAi�VCw[Z
�*noVCw[w[dS�8X'Z +)df±A�0{^ZAbz�-VCc�`adfifif_Rc��R� 	��
�R|��´Q
}/g'nydk¡ZAY[Z��3_Ri�VCY[dfw#^ZAZ�0�c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

�$	���� s#QSP5»C� � ^��bz�-VCc=`adfifif_Rc X'ZUc'_RY[dS`aZ
bA_Rc=`aZAc-VCc=`:X'Z�ikj VCny�'�'df�3_RifZ�w[Z�Xh^Z�ºRZAif_R�'�-VCc=`
ZAc bA_Rg'Y[_Rc'c'Z�VCg�`a_Rg'YpX'ZAw _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw
��^ZAbz�-VCc=`adfifif_Rco�R�� ���=���´Q#}/g'nydk¡ZAY[Zx�3_Ri�VCY[dfw#^ZAZ�0
c'dfbA_RifwKbAY[_Rdfw#^ZAwAQ

� ifZAw�`aZ´µ#`ag'Y[ZAwKX'ZvY[ZAbAg'dS`awW�'Y[_R�'Y[ZAwKVCg#µy`aY[_#b�`a_RifdS`aZAw�Y[ZAc'bA_Rc=`aY#^ZAZAwKX-VCc'wWi�VqY#^ZA\Rdf_RcoX'Z���VCe+waVCXw[_Rc=`q`aYA¡ZAwGYaVCY[ZAw]ºR_RdfY[Zydfc'Z´µ�dfw¸`zVCc=`aZAwGX-VCc'wqi�V�w[ZAb�`adf_Rc:bAY[g'w¸`zVCifZCQ�²�VCc'wqwaV�`a�?¡ZAw[Z�0 ��dfbz�'ZAififZ
��Y[c'Z %hZAdfc �MP-�R|=r�� 0CVv�'dfZAcJc'_C`�^Zhe+g'ZWifZAw�`aZ´µ#`ag'Y[ZAw�ny_RwaV(; <fe+g'ZAw�VNºRZAbKbA_Rc=`zVCb�`aw��'i�VCc'w�Z�`3�[_Rdfc=`aw
X'Z�\RYaVCdfc'wq¡V�P5sC���8^Z�`zVCdfZAc=`~bA_RnynJg'c'ZAwKX-VCc'wKifZAwKbA_Rg'bz�'ZAwxny_Rc'_<�¾nydfch^ZAYaVCifZAw¨�*ZAifX'w[�-V<`a�'dfe+g'ZAw
X'ZAwvbAg'nJg'i�V<`aw~ifdS`�^ZAw~bAY[g'w¸`zVCg#µ �3ZAififZqV¤�-VCY[ZAdfififZAnyZAc=`~Y[ZAnoVCY[e+gh^Zqe+g'ZGbAZAwx`aZ´µ#`ag'Y[ZAwvc'ZqwAj _R�#�
w[ZAY¸ºCVCdfZAc=`��aVCnoVCdfw~X-VCc'wIifZAwvifdS`aw$¡V8�'ifg'wvX'ZJX'ZAg#µ!�'�-VCw[ZAw�Z�`�e+g'ZJifZAwv_RifdSº#dfc'ZAw 0§ZAc{�3_Rw[dS`adf_Rc
`¾�#�'dfe+g'ZAnyZAc=`Wdfc=`aZAY[bAg'nJg'ifg'w 0�^Z�`zVCdfZAc=`h�-VCY¸�*_Rdfw &+dfc &�^ZAZAwAQ �xc'Zx`aZAififZ --Z´µ�g'YaV<`adf_RcyX'ZAwh_RifdSº#dfc'ZAw
ch^ZAbAZAw[w[dS`aZ�g'c�Y#^ZA\RdfnyZoX'Z�bA_Rc=`aYaVCdfc=`aZAw¤VCc'dfw[_C`aY[_R�3ZAwG`zVCc'X'dfwJe+g'Z�i�V�Y[ZAbAY[dfw¸`zVCififdfwaV<`adf_Rc�waVCc'w
Xh^Z��*_RY[noV<`adf_Rc�bAdfwaVCdfifi�VCc=`aZ8VC�3_Rg�`adfw[waVCc=`oVCg#µ�`aZ´µ#`ag'Y[ZAwy_R�'w[ZAY¸º¨^ZAZAwoX-VCc'w¤ifZAwJ`aY[_#b�`a_RifdS`aZAwJX'Z
�#g'noV�j dfi-dfny�'ifdfe+g'ZKg'c8Y#^ZA\RdfnyZ~X'ZvbA_Rc=`aYaVCdfc=`aZAwhdfw[_C`aY[_R�3ZAwAQ#²IZx�'ifg'w 0+ikj �-VC�'dS`ag'w�X'ZAwh_RifdSº#dfc'ZAw 0
ZAc=`a_Rg'YaVCc=`]X'ZAwv�*ZAifX'w[�-V<`a�'w�_Rg!X'ZAw�\RY[_Rg'�3ZAwIX'ZJ�*ZAifX'w[�-V<`a�'wy¡Vy`aZ´µ#`ag'Y[Z$ny_RwaV(; <fe+g'Z�0¶ny_Rc=`aY[Z
e+g?j ZAififZAw�c'ZvY[ZA�'Y#^ZAw[ZAc=`aZAc=`~�-VCwhX'ZAwhY[ZAifdfe+g'ZAw�X'g8noVCc=`aZNVCg0+e+g'd¶VCg'YaVCdfZAc=`WVCbAe+g'dfw�ifZAg'Y�w¸`aY[g'b´�
`ag'Y[Z�VCc=`�^ZAY[dfZAg'Y[ZAnyZAc=`�¡V�ikjM^ZA�'dfw[_#X'Z{noVC\RnoV<`adfe+g'Z�0hc'do¡V�X'ZAw��3_RY[�'�=�#Y[_#bAi�VCw¸`aZAw�X-VCc'w�g'c'Z
noV<`aY[dfbAZxY[ZAbAY[dfw¸`zVCififdfw#^ZAZCQ+}�j VCw[�3ZAb�`KX'ZAwK\=VC�'�'Y[_RwhX'ZIi�Vqw#^ZAe+g'ZAc'bAZ�bAY[g'w¸`zVCifZIX'g8noVCw[w[dS�/X'Z ��V5�
i�VC�'d ��°xdfiS`ad �"�3ZAg�` 9Z�`aY[ZxZ´µ��'ifdfe+gh^Z~�-VCY¨g'cy�'�h^ZAc'_Rn�¡ZAc'ZxX'ZxbAY[dfw¸`zVCififdfwaV<`adf_RcGifZAc=`aZ$¡V]ikjM^ZAe+g'dfifdf�'Y[Z
¡V{`aYA¡ZAw$��VCdf�'ifZo`zVCg#µ X'Z�w[g'Y¸�*g'w[df_Rc ��}/_C�*\RY[ZAc0KP-�R|R� ����Y[c'Z %hZAdfc0~P-�R|=r����xdfbA_Ri�VCw¤VCc'X ½¾ifX'Z´�
�*_Rc'w[Z�0/P-����� �'}"VCny_Rg'Y[ZAg#µ�Z�`vVCikQ 0¶P-������� 0�i�VG`aZ´µ#`ag'Y[Zq�-VCY¸`adfZAififZAnyZAc=`Wny_RwaV(; <fe+g'Z�X'Z�bAZAY¸`zVCdfc'w
\=VC�'�'Y[_RwvbAY[g'w¸`zVCg#µ!c?j ZAw¸`�X'_Rc'bJ�-VCwvbNVCYaVCb�`�^ZAY[dfw¸`adfe+g'ZJX?j g'c�^ZA�'dfw[_#X'Zq`a�'ZAY[nydfe+g'ZJVCw[w[ZA±$if_Rc'\
bA_RnynyZIbAZAi�V¤w[ZAnJ�'ifZ89Z�`aY[Z]ifZ�bNVCw~�3_Rg'Y~ifZAwW`aY[_#b�`a_RifdS`aZAwWX'g�noVCc=`aZNVCg?Q

²I_Rc'b�0�Z´µ�bAZA��`adf_Rc���VCdS`aZvX'ZAwW`aY[_#b�`a_RifdS`aZAw]¡VG`aZ´µ#`ag'Y[Z�ny_RwaV(; <fe+g'ZIe+g'd?Y[ZA�'Y#^ZAw[ZAc=`aZAc=`vg'c'ZIw[dfc'\Rg'i�V5�
Y[dS`�^Z$X'g�noVCc=`aZNVCg0/_Rc��3ZAg�`qXh^ZAX'g'dfY[ZyX'Z¤i�V�w[dfnydfi�VCY[dS`�^ZqX'ZAwqifdS`a�'_Rif_R\RdfZAwxZ�`qX'ZAw]`aZ´µ#`ag'Y[ZAwGe+g'ZyifZAw
bA_Rc'X'dS`adf_Rc'w��h^Z�`aY[_R\)^ZAch^Z�`adfe+g'ZAwKX'Zv�*_RY[noV<`adf_Rc¤X'ZAwK\=VC�'�'Y[_RwhbAY[g'w¸`zVCg#µ�Z�`WnoVCc=`aZAifi�VCdfY[ZAw¨_Rc=`WX 9g39Z�`aY[Z
Y[ZAi�V<`adSºRZAnyZAc=`$VCc-VCif_R\Rg'ZAwAQ�}"V�bA_Rny�-VCYaVCdfw[_Rc �¸bAY[_:9g�`aZ ��noVCc=`aZNVCg 
!c'Zo�3ZAg�`�9Z�`aY[Z8�3_Rg'w[w#^ZAZ��'ifg'w
if_Rdfcow[g'YWi�VG�-VCw[ZIX?j g'c'Z�X'ZAw[bAY[df��`adf_Rc8nydfbAY[_Rw[bA_R�'dfe+g'Zvg'c'dfe+g'ZAnyZAc=`KZ�`KZAififZxw[ZAYaV¤VC�'�'Y[_C�*_Rc'X'dfZv�'ifg'w
`zVCY[X�X-VCc'wGifZobz�-VC�'dS`aY[Z8��Q�ThZA�3ZAc'X-VCc=`(0)ifZobNVCwGX'ZAwJ�=�#Y[_Nµ�^ZAc'dS`aZAw$Z�`JX'ZAwJ\=VC�'�'Y[_Rc'_RY[dS`aZAwGY[ZAw¸`aZ�¡V



D§D � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

�'Y#^ZAbAdfw[ZAYI��ikj Z´µ�bAZAw[w[dSºRZqVC�3_Rc'X-VCc'bAZIX'Z�bAZAwKifdS`a�'_Rif_R\RdfZAw�X-VCc'wWifZInoVCc=`aZNVCgo�*g�`Kg'c'ZIXh^ZAbA_Rg�ºRZAY¸`aZ]bNVCY
ifZAw�^Z�`ag'X'ZAw~nyZAch^ZAZAwxw[g'Y~ifZAwW�-if_Rc'wKX'g�noVCw[w[dS��X'Z=�#g'noV�j dfi�� �vnyY[d 0¶P-���=»��§ThZAg'ifZAc'ZAZAY~Z�`vVCikQ 0¶P-����� �
hZAc'_RdS`hZ�`KVCikQ 0-P-����� �(hZAc'_RdS`(0§P-���=r���VNºCVCdfZAc=`Wny_Rc=`aY#^Zxg'c'Zx�*_RY¸`aZx�'Y#^ZA�3_Rc'Xh^ZAYaVCc'bAZIX'ZAwh��VCbAdk¡ZAw¨`aY[_#b´�
`a_Rifdfe+g'ZAwqZ�`GX'Zo\=VC�'�'Y[_�¡V�_RifdSº#dfc'ZCQ�ThZ�`[`aZo�'Y#^ZAX'_Rnydfc-VCc'bAZyX'ZAwG\=VC�'�'Y[_Rc'_RY[dS`aZAwqZ�`J�=�#Y[_Nµ�^ZAc'dS`aZAw�¡V
_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwW�'Y#^ZAbA_#bAZAwh�-VCY[nyd-ifZAw���VCbAdk¡ZAw�noVCc=`aZAifi�VCdfY[ZAw�bA_Rc=`aYaVCw¸`aZvVNºRZAbvg'c'ZvY[dfbz�'ZAw[w[Zvny_Rdfc'X'Y[Z
�*Z�`Ww[g'Y¸`a_Rg�`KVNºRZAb�g'c'ZIZ´µ#`aY 9ZAnyZvYaVCY[Z�`�^ZvX'ZI�=�#Y[_Nµ�^ZAc'dS`aZAw ��X-VCc'wWi�Vqw#^ZAe+g'ZAc'bAZ�bAY[g'w¸`zVCifZCQ-ThZAwKVCw[�3ZAb�`
w[ZAY[_Rc=`xX'dfw[bAg�`�^ZAwx�'ifg'wxVNºCVCc=`~X-VCc'wxifZ�bz�-VC�'dS`aY[Z]��Q ��Q

� ��� � � � � � ���� �

}�j VCc-VCiS�#w[Zh�h^Z�`aY[_R\RYaVC�'�'dfe+g'ZhX'ZAw�nydfch^ZAYaVCif_R\RdfZAw/Z�`�`aZ´µ#`ag'Y[ZAw�X'ZAwG^ZAbz�-VCc=`adfifif_Rc'w"X'Z��-if_RcG�'Y#^ZAifZ�º¨^ZAw
X-VCc'w�ifZAw��h^ZAY[dfX'_C`adS`aZAw�noVCc=`aZAifi�VCdfY[ZAwoX?jmlInoVCc�bA_Rc'X'g'dS`�X'_Rc'b ¡V�X'dfw¸`adfc'\Rg'ZAY�����ifdS`a�'_Rif_R\RdfZAwAQ�}/Z
`zVC�'ifZNVCg�s#Qms�ZAc�Y#^ZAbNVC�'dS`ag'ifZyifZAwJ�'Y[dfc'bAdf�-VCifZAwqbNVCYaVCb�`�^ZAY[dfw¸`adfe+g'ZAwJZ�`JifZy`zVC�'ifZNVCg�s#Q ��Y#^ZAbNVC�'dS`ag'ifZoifZAw
�'Y[_R�3_RY¸`adf_Rc'wKX'ZAw~X'dS¿x^ZAY[ZAc=`awK��VCbAdk¡ZAwAQ
PRQx}/ZAw)dfny�'Y#^ZA\Rc-V<`adf_Rc'w?�*_RY[nyZAc=`�g'c'Z���VCnydfififZ)ifdS`a�'_Rif_R\Rdfe+g'Z)`aYA¡ZAw)X'dSºRZAY[w[dS�W^ZAZhY[ZA\RY[_Rg'�-VCc=`)e+g-V<`aY[Z
��VCbAdk¡ZAw �*�-VCY[±A�'g'Y[\RdS`aZAw8¡V��'i�VC\Rdf_#bAi�VCw[Z�0¶�-VCY[±A�'g'Y[\RdS`aZAw8¡V��'i�VC\Rdf_#bAi�VCw[ZJZ�`qbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0�X'g#�
c'dS`aZAw�¡V��'i�VC\Rdf_#bAi�VCw[Z¤Z�`JX'g'c'dS`aZAw�¡V��'i�VC\Rdf_#bAi�VCw[Z$Z�`$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �]e+g'dhw[Z8�'Y#^ZAw[ZAc=`aZAc=`¤X'Z
��V��bA_Rc$X'dS¿¶g'w[ZKw[g'Y�ifZh`aZAY[YaVCdfc0CbAZKw[_Rc=`¨X'ZAw�n�^ZAw[_<�"_Rg$_RY¸`a�'_#bAg'nJg'i�V<`aw)�-VCY¸�*_Rdfw��-VCY¸`adfZAififZAnyZAc=`
Y[ZAbAY[dfw¸`zVCififdfw#^ZAw¨X'_Rc=`Wi�V]bAY[dfw¸`zVCififdfwaV<`adf_RcJX'ZAwW�'i�VC\Rdf_#bAi�VCw[ZAw�Z�`WX'ZAwhbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwWZAw¸`h`zVCY[X'dSºRZ
�-VCYKYaVC�'�3_RY¸`J¡V¤bAZAififZIX'ZAwx_RifdSº#dfc'ZAwAQ

s#Qx}/ZAw$`aY[_#b�`a_RifdS`aZAwG�*_RY[nyZAc=`¤g'c�\RY[_Rg'�3Z�ifdS`a�'_Rif_R\Rdfe+g'ZyY[ZAi�V<`adSºRZAnyZAc=`$�'_Rny_R\'¡ZAc'Z�X?j VCX'bAg'nJg#�
i�V<`aw¤Y[ZAbAY[dfw¸`zVCififdfw#^ZAwJ`�^ZAny_Rdf\Rc-VCc=`¤X?j g'c'Z�nydfw[Z�ZAc��'i�VCbAZ�X-VCc'wog'c�ZAc'bNVCdfw[waVCc=`obz�-VCg'X VNºRZAb
noVCdfc=`adfZAcoX'ZIbA_Rc'X'dS`adf_Rc'whw[g'�'w[_RifdfX'g'wKX'g'YaVCc=`Kg'c8`aZAny�'wKVCw[w[ZA±]if_Rc'\G�3_Rg'YW�3ZAY[nyZ�`[`aY[ZIX?j V<`¸�
`aZAdfc'X'Y[Z8ikjM^ZAe+g'dfifdf�'Y[Z¤`aZ´µ#`ag'YaVCikQ)}/ZAw$�'Y[_R�3_RY¸`adf_Rc'wqny_#X-VCifZAwGw[_Rc=`¤VCw[w[ZA±�ºCVCY[d�VC�'ifZAwqnoVCdfwGifZAw
ºCVCifZAg'Y[w]ifZAwq�'ifg'w]�*Y#^ZAe+g'ZAc=`aZAwJbA_RY[Y[ZAw[�3_Rc'X'ZAc=`$VCg#µ��'Y[_R�3_RY¸`adf_Rc'w]bA_C`aZAb�`adfe+g'ZAwGXh^Z�`aZAY[nydfch^ZAZAw
Z´µ��h^ZAY[dfnyZAc=`zVCifZAnyZAc=`~�3_Rg'Y~i�VJbAY[dfw¸`zVCififdfwaV<`adf_RcoX?j g'c��!l /,�¡V¤�-VCw[w[Zq�'Y[ZAw[w[df_Rc � �p» ���-VCY �
Z�`$¡V$g'c'Z�`aZAny�h^ZAYaV<`ag'Y[Z�ºR_Rdfw[dfc'Z�X'Z¤P5sC�R� � TvQ

��Qx}/ZAw"`aY[_#b�`a_RifdS`aZAw�¡V~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z��*_RY[nyZAc=`�g'cq\RY[_Rg'�3Z¨ifdS`a�'_Rif_R\Rdfe+g'Z)ny_Rdfc'w?�'_Rny_R\'¡ZAc'Z�0�ZAififZAw
w[_Rc=`�bNVCYaVCb�`�^ZAY[dfw#^ZAZAw��-VCY�g'c'Z{�*_RY¸`aZ{�h^Z�`�^ZAY[_R\)^ZAch^ZAdS`�^Z ny_#X-VCifZ�¡V�ikjM^ZAbz�'ZAififZ{X'Z ikjM^ZAbz�-VCc=`adfifif_Rc
Z�`$�-VCYJg'c VCw[w[ZAnJ�'i�VC\RZ8nydfch^ZAYaVCif_R\Rdfe+g'Z¤�'ifg'w$�'Y[_#bz�'Z�X?j g'c�\=VC�'�'Y[_�¡V!_RifdSº#dfc'Zye+g'Z�X?j g'c'Z
`aY[_#b�`a_RifdS`aZ�X-VCc'w�ifZAw"±A_Rc'ZAw�Y[dfbz�'ZAw�ZAcqbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZCQCThZ�w[_Rc=`)X'ZAw�n�^ZAw[_<�¶_Rgq_RY¸`a�'_#bAg'nJg'i�V<`aw
¡V�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwq�  ]bAdfifdS`adfe+g'ZAwvc'Z¤�'Y#^ZAw[ZAc=`zVCc=`Je+g'Z¤YaVCY[ZAnyZAc=`qX'ZAw]±A_Rc'ZAwqY[ZAbAY[dfw¸`zVCififdfw#^ZAZAw 0
ifZAg'Y[w~�'Y[_R�3_RY¸`adf_Rc'w~ny_#X-VCifZAwWw[_Rc=`x`aYA¡ZAw~ºCVCY[d�VC�'ifZAwG¡VyikjM^ZAbz�'ZAififZ�X'g��-if_Rc0'bA_Rc'w#^ZAe+g'ZAc'bAZ$X'Zqi�V
bAY[dfw¸`zVCififdfwaV<`adf_RcoX'g�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Zqw[_Rg'wK�*_RY[nyZ�X'Z�ºRZAdfc'ZAwAQ

�'Qx}/ZAwI\=VC�'�'Y[_Rw¤¡Vo_RifdSº#dfc'Z��*_RY[nyZAc=`Ig'c'ZG��VCnydfififZ�ifdS`a�'_Rif_R\Rdfe+g'ZI`aYA¡ZAwv�'_Rny_R\'¡ZAc'ZGe+g'd)Y[ZA\RY[_Rg'�3Z
`aY[_Rdfwx��VCbAdk¡ZAw �*\=VC�'�'Y[_Rwy¡V8_RifdSº#dfc'Z�0§\=VC�'�'Y[_Rwy¡V8_RifdSº#dfc'ZqZ�`]VCny�'�'df�3_RifZqZ�`�\=VC�'�'Y[_Rwo¡Vo_RifdSº#dfc'Z
Y[dfbz�'ZAw�ZAc{_R�-VCe+g'ZAw �vnoVCdfwvg'c{w[ZAg'i 0¶ifZAwI\=VC�'�'Y[_Rwy¡V8_RifdSº#dfc'Z�0§ZAw¸`qVC�3_Rc'X-VCc=` �¥`zVC�'ifZNVCg s#Q ���´Q
ThZ$w[_Rc=`]X'ZAw]VCX'bAg'nJg'i�V<`awI_Rg{X'ZAw]n�^ZAw[_#bAg'nJg'i�V<`awvX'_Rc=`]ifZAwI�'Y[_R�3_RY¸`adf_Rc'wInydfch^ZAYaVCif_R\Rdfe+g'ZAw
ny_��RZAc'c'ZAwKbA_RY[Y[ZAw[�3_Rc'X'ZAc=`G¡VGbAZAififZAwhXh^Z�`aZAY[nydfch^ZAZAwhZ´µ��h^ZAY[dfnyZAc=`zVCifZAnyZAc=`W�3_Rg'Yhi�VqbAY[dfw¸`zVCififdfwaV5�
`adf_Rc�X?j g'c��!l /,�¡V¤�-VCw[w[Z]�'Y[ZAw[w[df_Rc�Z�`$¡V$g'c'Z]`aZAny�h^ZAYaV<`ag'Y[Z�dfc���^ZAY[dfZAg'Y[Zo¡V�P5sC�R���aTvQ



¢ " ª � �">3�5¦ ��#�A� D§D ª

»#Qx}/ZAw¤\=VC�'�'Y[_Rw¤dfc'X'dS¿x^ZAY[ZAc'bAd�^ZAwJ�*_RY[nyZAc=`¤g'c�\RY[_Rg'�3Z�ifdS`a�'_Rif_R\Rdfe+g'Zy�3ZAg bA_RnynJg'c�X'Z��-if_Rc'w 0
w[_Rg�ºRZAc=`vVCw[w[ZA±qVCiS`�^ZAY#^ZIZ�`Ke+g'd?Y[ZA\RY[_Rg'�3Z�X'ZAg#µ8��VCbAdk¡ZAw �*\=VC�'�'Y[_Rw��   #  !�& � ��� � �GZ�`K\=VC�'�'Y[_RwG¡V
VCny�'�'df�3_RifZ � 0#bAZ]w[_Rc=`vX'ZAwxVCX'bAg'nJg'i�V<`awK_Rg�X'ZAw~n�^ZAw[_#bAg'nJg'i�V<`awKw[_Rg�ºRZAc=`vXh^Z��*_RY[n�^ZAwAQ

��Qx}/ZAwx\=VC�'�'Y[_Rc'_RY[dS`aZAwK�*_RY[nyZAc=`xi�V$��VCnydfififZvifdS`a�'_Rif_R\Rdfe+g'Zvi�V¤�'ifg'w~X'dSºRZAY[w[dS�W^ZAZq�-VCY[nyd/ifZAw~��VCbAdk¡ZAw
�-if_Rc'dfZAc'w 0+Y[ZA\RY[_Rg'�-VCc=`Wc'ZAg��"��VCbAdk¡ZAw�X'dS¿x^ZAY[ZAc=`aw �*\=VC�'�'Y[_Rw]¡Vq_RifdSº#dfc'Z~Z�`W_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0'\=VC�#�
�'Y[_Rw$¡V¤_RifdSº#dfc'Z�0'_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGZ�`IVCny�'�'df�3_RifZ�0�\=VC�'�'Y[_Rc'_RY[dS`aZAw 0-\=VC�'�'Y[_Rc'_RY[dS`aZAwJ¡V¤_RifdSº#dfc'Z�0
\=VC�'�'Y[_Rc'_RY[dS`aZAwW¡VvVCny�'�'df�3_RifZ�0N\=VC�'�'Y[_Rc'_RY[dS`aZAw�Y[dfbz�'ZAw�ZAcJ_R�-VCe+g'ZAw 0<c'_RY[dS`aZAw 05c'_RY[dS`aZ�¡VxVCny�'�'d �
�3_RifZWZ�`�c'_RY[dS`aZAwv¡V]VCny�'�'df�3_RifZAw�Y[dfbz�'ZAw¨ZAcy_R�-VCe+g'ZAw � 0=bAZ~w[_Rc=`�X'ZAwhVCX'bAg'nJg'i�V<`aw�ZAcyikj VC�'w[ZAc'bAZ
X?j VCny�'�'df�3_RifZ!Z�`�X'ZAw�n�^ZAw[_#bAg'nJg'i�V<`aw�ZAc�ifZAg'Y��'Y#^ZAw[ZAc'bAZCQv��ififZAw�w[_Rc=`!V<¿¶ZAb�`�^ZAZAw��-VCY�g'c'Z
Xh^Z��*_RY[noV<`adf_Rc��-VCY¸�*_Rdfwx�3_Rg'w[w#^ZAZ~�[g'w[e+g?j¥¡V8i�VynG�#if_Rc'dS`adfwaV<`adf_Rc �*Xh^Z��*_RY[noV<`adf_Rc�e+g'd)c?j Vo�-VCw�^Z�`�^Z
X'_#bAg'nyZAc=`�^ZAZ8�3_Rg'YGifZAwGYaVCdfw[_Rc'wGXh^Z¾�aV��'Y#^ZAbAdfw#^ZAZAw �MZ�`¤ikj VCw[�3ZAb�`JX'ZAwJ_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw¤�3ZAY[nyZ�`
X'Z�X'dSº#dfw[ZAYWbAZ�`[`aZ���VCnydfififZ~ZAc�X'ZAg#µ�\RYaVCc'X'wK\RY[_Rg'�3ZAw��'g'c��'Y[ZAnydfZAYW_/¡g8ifZAwK_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0
w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwx¡V�VCg�`a_Rny_RY[�'�'ZAw 0Cw[_Rc=`¨�'Y#^ZAbA_#bAZAw�X-VCc'w�i�Vvw#^ZAe+g'ZAc'bAZxX'ZWbAY[dfw¸`zVCififdfwaV<`adf_Rc]Z�`
g'c�w[ZAbA_Rc'X�_/¡g�ifZAw~_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw 03dfc=`aZAY[w¸`adS`adfZAifwq¡V¤�  ]bAdfifdS`adfe+g'ZAwhw[_Rc=`x`zVCY[X'dS�*wAQ-}/_RY[wKX'Zqi�V
bAY[dfw¸`zVCififdfwaV<`adf_RcoZ´µ��h^ZAY[dfnyZAc=`zVCifZ]X?j g'c�ifdfe+g'dfX'Z�X'Z�`¾�#�3Z �!l /, 0§ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZGVC�'�-VCYaV-9<S`
`zVCY[X'dSºRZAnyZAc=`(0/¡V]`aZAny�h^ZAYaV<`ag'Y[ZvY[ZAi�V<`adSºRZAnyZAc=`��-VCw[w[Z�0�w[g'dS`aZ¤¡Vqi�V]bAY[dfw¸`zVCififdfwaV<`adf_Rc$X'Zvikj _RifdSº#dfc'Z�0
X'gy�'i�VC\Rdf_#bAi�VCw[ZWZ�`�X'gobAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z
�+ifZAw¨\=VC�'�'Y[_Rc'_RY[dS`aZAwv¡V]_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw�`zVCY[X'dS�*w¨wAj dfc'wM�
bAY[dSºRZAc=`qX'_Rc'b$X-VCc'w]i�V8n 9ZAnyZJif_R\Rdfe+g'Z��*bAY[dfw¸`zVCififdfwaV<`adf_Rc�X?j g'c�ifdfe+g'dfX'ZG�'Y[_#bz�'Z¤X'g �!l /,��
e+g'Z]ifZAwK\=VC�'�'Y[_RwG¡VJ_RifdSº#dfc'Z�0+ºR_RdfiM¡VJ�3_Rg'Y[e+g'_Rd 0�X-VCc'wKi�VJw[g'dS`aZ�X'Z�bAZ�`aYaVNºCVCdfi 0#bAZAififZAwM�¾bAd?w[ZAY[_Rc=`
Xh^ZAw[_RY[noVCdfw~`a_Rg5�[_Rg'Y[wvbAi�VCw[w#^ZAZAwIX-VCc'wvi�V¤��VCnydfififZIX'ZAwI\=VC�'�'Y[_Rw¤¡Vo_RifdSº#dfc'Z �¥ºR_RdfY~`zVC�'ifZNVCg{s#Qms��
Z�`xw[ZAY[_Rc=`~`aYaVCdS`�^ZAZAwxVNºRZAbqifZAw8^ZAbz�-VCc=`adfifif_Rc'wKX'Z]bAZ�`[`aZ]X'ZAY[c'dk¡ZAY[Z���VCnydfififZCQ

r#Qx}/ZAw¤�=�#Y[_Nµ�^ZAc'dS`aZAwyw[Z��'Y#^ZAw[ZAc=`aZAc=`8w[g'Y¤ifZ8`aZAY[YaVCdfc�X'Z�X'ZAg#µ���V��bA_Rc'w$X'dS¿x^ZAY[ZAc=`aZAw���ZAc Y[g'�-V5�
c'ZAnyZAc=`v_Rg�ZAc��-if_Rc0-ZAififZAwK�*_RY[nyZAc=`vg'c�\RY[_Rg'�3ZqifdS`a�'_Rif_R\Rdfe+g'ZIZ´µ#`aY 9ZAnyZAnyZAc=`IVC�3_Rc'X-VCc=`vZ�`
X'dSºRZAY[w[dS�W^Z8e+g'dhdfc'bAifg�`Gc'ZAg��~��VCbAdk¡ZAw � %hZA�'w¸`�^ZAY[dS`aZAw 0 %hZA�'w¸`�^ZAY[dS`aZAw!¡V��'i�VC\Rdf_#bAi�VCw[Z�0�%hZA�'w¸`�^ZAY[dS`aZAw
¡V�_RifdSº#dfc'Z�0�bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0KbAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw�¡V�_RifdSº#dfc'Z�0h_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0K_RY¸`a�'_R�=�=�
Y[_Nµ�^ZAc'dS`aZAw�¡V�_RifdSº#dfc'Z�0�%hZA�'Y[ifdS`aZAw 0�%hZA�'Y[ifdS`aZAw�¡V��'i�VC\Rdf_#bAi�VCw[Z �vZAc��'ifg'wGX'ZAwG��VCbAdk¡ZAwG�-VCY[�'g'Y[\Rd �
`adfe+g'ZAw¨Z�`hif�'ZAY[±A_RifdS`adfe+g'ZKV<¬yZAg'YaVCc=`�ZAcoY[g'�-VCc'ZAnyZAc=`NQ#}/ZAg'Y[w¨`aZ´µ#`ag'Y[ZAw�Z�`hnydfch^ZAYaVCif_R\RdfZAw)w[_Rc=`
`aYA¡ZAwKºCVCY[d�VC�'ifZAwAQ

|�Qx²Jj VCg�`aY[ZAw¨ifdS`a�'_Rif_R\RdfZAw)w[_Rc=`hny_Rdfc'w¨bA_Rg'YaVCc=`aZAw�bA_RnynyZ~X'ZAw¨��VCbAdk¡ZAw¨X'df_RY[dS`adfe+g'ZAwv¡V]\RYaVCc'dS`adfe+g'ZAw
�*X'df_RY[dS`aZAw 0/\RYaVCc'_#X'df_RY[dS`aZAw 0?`aY[_Rc'X'�5�#^ZAnydS`aZAw 0?`a_Rc-VCifdS`aZAw 0/Z�`J�'i�VC\Rdf_#bAi�VCw[dS`aZAw �xZ�`JX'ZAwGX'd�VC�-VCw[ZAw
e+g'd�VC�'�-VCYaVCdfw[w[ZAc=`vZAc!�3_RY[X'g'Y[ZqX'Zqi�V$w[ZAb�`adf_Rc�noVCc=`aZAifi�VCdfY[Z�0�w[_Rg�ºRZAc=`��'Y[_#bz�'ZqX'Zqi�V¤bAY[_:9g�`aZ�0
ZAififZAw�w[ZI�'Y#^ZAw[ZAc=`aZAc=`xw[g'YhifZx`aZAY[YaVCdfcow[_Rg�ºRZAc=`~ZAc�dfc=`aY[g'w[df_Rc'w�n�^Z�`aY[dfe+g'ZAwq¡VqXh^ZAbNVCn�^Z�`aY[dfe+g'ZAwWZ�`
w[_Rc=`xbNVCYaVCb�`�^ZAY[dfw#^ZAZAwx�-VCYKg'c'Z]\RYaVCc'X'Z]X'dSºRZAY[w[dS`�^Z]nydfch^ZAYaVCif_R\Rdfe+g'ZCQ



D ¢ � EG%'45%-;C�)H�+4<�����5��£?,"�#�$(��¥�5¦"B3(*B§23��£?,"�#�G "�#�$1�(*B3>��y9:%->3���#(�(*%-�*45�#�J ¨L�©y9:%->

������� � � � 	
� ������ ����� � ������� ������������� �� ������������� ��� ���������  ��!���!��"���"#$!�� � ���� � � ���%�� ���'& ()�+*��,�!���
 �%-.�$,�!��$���$�/� 0 ��� ��1 ���%*.243

()!�#�5

6�,���� ��$�47�98:� ����� ��#$� �����;�+�"8=<�!��$*'7�$��� > ����!/?�$�����%�� ����� @ � 8:� ���/* �A?�$���%10 B�CD1 ��E 243F0 CD1 G E 243 0 CD1 H E 243 @ ! ����%16�,���� ��$�47�98:� ����� ��#$� ����� > ����!/?�$�����%�� ����� @ � 8:� �A?�$���%10 C E 1 I E 243J0 K E 1 C E 243 @ ! ����%1LM��!�N$O�,�!���� ��$�;7��8:� ����� ��#$� �����4�+�"8=<�1 > ����!/?�$�����%�� ����� @ � @ �/* 8:� ���/* �A?�$���%1!��$*'7�$��� 0 KDCD1 
 C9243J0 K E 1 B�C9243J0 K E 1 G E 243J0 K E 1 G E 243 @ ! ����%1LM��!�N$O�,�!���� ��$�;7��8:� ����� ��#$� ����� > ����!/?�$�����%�� ����� @ � @ �/* 8:� �A?�$���%10 G/CD1 �%E 243J0 K E 1 B E 243F0 BD1 B E 243 @ ! ����%1()!���#+���� � ��$� �)� � ����� 8:� @ � P���1> ����!/?�$�����%�� ����� 0 H E 1 I E 243J0 K E 1 �%E 243 �����$5
()!���#+���� � ��$��7�9��� � �����/<�!��$*'7�$��� �)� � ����� 8:� @ � ���/* �A?�$���%1> ����!/?�$�����%�� ����� 0 H E 1 ��E 243J0 K E 1 
�E 243F0 CD1 G E 243 �����$5

Q 5 @ � 5

Q ��O�O�!�����7� @ � � R�� ��� �)� � ����� 8:� @ � ���/* P���10 K E 1 � C9243F0 BD1 �%E 243 0 CD1 
�E 243 �A?�$���%1
Q ��O�O�!�����7� @ � � R�� ���S�+�SP�������� O���� � �)� � ����� 8:� @ � ���/* P�� �A?�$���%10 B E 1 �%E 243F0 BD1 H/C9243F0 KDCD1 G E 243J0 K E 1 H/C�243Q ��O�O�!�����7� @ � � R�� ���S!�� #���$���$� �)� � ����� 8:� @ � ���/* @ ��T P���1@ ����T�,��$� 0 C E 1 
 C9243 0 KDC�243 0 CD1KDC�243 0 KDC�243Q ��O�O�!�����7� @ � � R�� ���S�+� @ ! ������/<�1 �)� � ����� 8:� @ � ���/* @ �/* P���1!��$*'7�$��� 0 K E 1 
 C9243F0 CD1 
 C9243 0 CD1 C E 243 0 CD1 B E 243 �A?�$���%1Q ��O�O�!�����7� @ � � R�� ����U @ ! ������/<�1 �)� � ����� 8:� @ � ���/* @ �/* P�� �A?�$���%1!��$*'7�$�����+�SP�������� O���� � 0 B E 1 C E 243J0 K E 1 G E 243J0 K E 1 G E 243F0 CD1KDC�243F0 K E 243

Q ����!$5

Q ��O�O�!�������!�� ��$�;7� @ � � R�� ��� �)� � ����� @ �/* ���/* @ � 8:� P���10 CD1 G E 243 0 CD1 C E 243 0 BD1 G E 243V0 K E 1 G E 243Q ��O�O�!�������!�� ��$� �)� � ����� @ �/* ���/* 8:� P���10 CD1 G E 243 0 CD1 C E 243 0 CD1 I E 243Q ��O�O�!�������!�� ��$�;7�9P�������� O���� � �)� � ����� @ �/* ���/* 8:� P�� �A?�$���%10 CD1 H E 243 0 CD1 C E 243F0 K E 1 �%E 243J0 K E 1 G E 243Q ��O�O�!�������!�� ��$��!�� #���$�S�$� @ ����T�,��$� �)� � ����� @ �/* ���/* 8:� @ ��T P���10 KDCD1 H E 243F0 CD1 B�C9243F0 C E 1 
�E 243 0 KDC�243
WM��!�� ��$� �)� � ����� @ �/* 8:� P���10 K E 1 G E 243J0 C�CD1 I E 243WM��!�� ��$��!�� #���$���$�XP�������� O���� �$� �)� � ����� @ �/* 8:� P�� �A?�$���%10 K E 1 H E 243J0 
�E 1 �%E 243J0 K E 1 B E 243WM��!�� ��$��!�� #���$���$�XP�������� O���� �$�Y�+� �)� � ����� @ �/* 8:� @ ��T P�� �A?�$���%1�$� @ ����T�,��$� 0 KDCD1 H/C9243J0 G E 1 
�E 243 0 KDC�243 0 CD1KDC�243

Q 5 Q ��O�O�!���� �)� � ����� 8:� ���/* P���10 H E 1 ��E 243J0 B E 1 �%E 243Q ��O�O�!�����7��P�������� O���� � �)� � ����� 8:� ���/* P�� �A?�$���%10 H E 1 
�E 243J0 KDCD1 C E 243F0 CD1 G/C�243

8=<�!$5

Z[�$O�� ��?�$!�� ��$��7�98:� ����� ��#$� ����� �)� � ����� @ �/* ���/* 8:� P���10 H/CD1 C E 243J0 G E 1 
�E 243F0 � 1K E 243 �A?�$���%1
Z[�$O�� ��?�$!�� ��$� �)� � ����� @ �/* ���/* P���10 K E 1 � C9243J0 K E 1 I E 243 �A?�$���%1
Z[�$O�� ��?�$!�� ��$��7� @ � � R�� ��� �)� � ����� @ � @ �/* ���/* P���10 KDCD1 H E 243J0 K E 1 H E 243J0 G E 1 � C9243 �A?�$���%1
��� � �����/<�!��$*:?�$��� ��$� �)� � ����� @ �/* ���/* P���10 \]K E 243^0 _`I E 243��� � �����/<�!��$*:?�$��� ��$��7� @ � � R�� ��� �)� � ����� @ � ���/* P���10 K E 1 B�C9243J0 � CD1 � C9243
@ ! ������/<�!��$*:?�$��� ��$� �)� � ����� @ �/* ���/* P���10 _aI E 243b0 \`C�243 �����$5
@ ! ������/<�!��$*:?�$��� ��$��7� @ � � R�� ��� �)� � ����� @ � @ �/* ���/* P���10 K E 1 B E 243J0 � CD1 � C9243c0 \]K E 243 �����$5
Z[�$��!�� � ��$� �)� � ����� @ � ���/* @ �/* P���10 KDCD1 �%E 243J0 B�CD1 ��E 243c0 \]K E 243 �A?�$���%1
Z[�$��!�� � ��$�;7�98:� ����� ��#$� ����� �)� � ����� @ � ���/* 8:� P���10 H E 1 
�E 243J0 B E 1 
 C9243F0 CD1 B E 243 �A?�$���%1
dY,�O������$���$�/������4�/<�!��$*'7�$���$� dY,�O������$���$�/�� @ � @ �/* ���/* P���10 \ � C9243^0 _eK E 243f0 \ 
�E 243 �����$5

�g5 L"5 6�� ������� ��� ��$�M�+�S����O�O�!���� �)� � ����� ���/* @ � 8:� h�� ����! 10 _aG E 243^0 \`H E 243f0 \ 
�E 243f0 \]K E 243P�������� O���� ��� � ��$� �)� � ����� P�� P���10 _aI/C9243
6�� ��O������$� �)� � ����� 8:� @ � ���/* P�� 6���� 1> �/�!�,���� ����� 0 H E 1 
�E 243c0 \eKDC�243i0 B E 1 G E 243J0 K E 1 H E 243

Q !���5
6�� ��!�� ��$���+� Q !���������� ��!�� ��$� �)� � ����� 8:� P�� jSN P���1> �/�!�,���� ����� 0 G E 1 � C9243J0 K E 1 
�E 243c0 \aG E 243 �A?�$���%1
()!���������k�?�$��� ��$�S�+�S()������� � ��$� �)� � ����� 8:� l:� �=m jSN P���1> �/�!�,���� ����� 0 CD1 I E 243n0 \eKDC�243f0 \aG E 243i0 K E 1 � C�243 �A?�$���%1
8:� ����� ��#$� ����� ��$� �)� � ����� 8:� P�#$,��;10 _aI/C9243

����� � s#Qms �:¯)VC�'ifZNVCg�Y#^ZAbNVC�'dS`ag'i�VCc=`JifZAwJ�'Y[dfc'bAdf�-VCifZAwqbNVCYaVCb�`�^ZAY[dfw¸`adfe+g'ZAw$�h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAwJX'ZAw$ifd �
`a�'_Rif_R\RdfZAwK�-if_Rc'c'dfZAc'c'ZAwvX'ZGi�V¤w[ZAb�`adf_Rc!noVCc=`aZAifi�VCdfY[Z�X'ZGikj _R�'�'df_RifdS`aZIX?jmlInoVCc?Q�  Mo �   �  !�&� #�!� � �
p o�q �$o � p � 
 
  � � �� �&� #�% # ��� � p o � p � 
 
  � � # � ��# rts�� ���  #�s� � � p ���� Yo � � � 
 
  ������ #�!� ���vu �� Yo��Xw �& 
 �Yxys��� #�!� �����]o �zo�� � �  # �� ��� � �  � �{��� 
����4x � p  ��o��9| �  # �� � �  � � #� #�} ��� � �au ����w ��� ��# �  ��� � ���~q ���
�&� #�% # ��� � �[w�x �  � # ���:w �� �Yx ������ ��q�w�x � �� �{��:w �� �Yx �����������
 � ��
~wX{�# 
 �&��� � �`� �`} � �  %����q�w.} �
�:w ��} ��� � ��� � �4| � � � �'w ���{zw��  � � � #�} ��� � �  � 
 # �  #�!� �� �� � � �  ��
��������� ��s� � �& � 
�s� � �  ��
������� �
q  �{��& �� �� �{��  ��
��������� ��� �Mo � 
 � � ���� } ����� ���&�  � � �&�4s�� #� #�} ��� � � ��  � !�)x  �  � � �  �� � � # ���  
 � � # �  ����� # � �� # ���-Q



¢ " ª � �">3�5¦ ��#�A� D ¢ D

Lithologie N.m. N.c. P.ech. P.Fam. Symb.

Amphibololites 4 0 0.41 %

Diabases 4 0 0.41 %

Diorites et Granodiorites 32 3 3.58 %

Plagioclasites 4 1 0.51 %

Trondhjémites et Tonalites 24 0 2.46 %

8.09 %

Gabbros à Amphibole 3 4 0.72 %

Gabbros 6 2 0.82 %
1.54 %

Dunites à Plagioclase et Pyroxène 8 0 0.82 %

Dunites à Plagioclase 7 0 0.72 %

Harzburgites à Plagioclase et Pyroxène 10 0 1.02 %

Harzburgites à Plagioclase 4 0 0.41 %

Troctolites 59 0 6.04 %

Troctolites à Clinopyroxène 34 2 3.68 %

12.69 %

Gabbros à Olivine 201 9 21.49 %

Gabbros à Olivine et Amphibole 14 0 1.43 %

Gabbros à Olivine riches en Opaques 1 1 0.20 %

23.13 %

Gabbros à Olivine et Orthopyroxène 42 4 4.71 %

Gabbros à Olivine, Orthopyroxène et Amphibole 6 1 0.72 %

Gabbronorites à Olivine 12 1 1.33 %

Gabbronorites 152 6 16.17 %

Gabbronorites à Amphibole 16 0 1.64 %

Gabbronorites riches en Opaques 8 1 0.92 %

Norites 17 0 1.74 %

Norites riches en Amphiboles 6 1 0.72 %

Norites riches en Amphiboles et en Opaques 4 0 0.41 %

28.35 %

Webstérites à Plagioclase 3 0 0.31 %

Webstérites 96 0 9.83 %

Webstérites à Olivine 6 0 0.61 %

Clinopyroxénites 73 1 7.57 %

Clinopyroxénites à Olivine 10 0 1.02 %

Orthopyroxénites 17 0 1.74 %

Orthopyroxénites à Olivine 4 0 0.41 %

Pyroxénites sous forme de rubanement 19 0 1.94 %

Wehrlites 7 0 0.72 %

Wehrlites à Plagioclase 3 0 0.31 %

24.46 %

Diopsidites et gabbros hydrothermaux 22 0 2.25 % 2.25 %
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0.00 % 2.29 % 4.58 % 6.87 % 9.16 %

Troctolites (N=118)

0.00 % 0.79 % 1.57 % 2.36 % 3.15 %

Gabbros à olivine (N=222)

0.00 % 3.08 % 6.16 % 9.25 % 12.33 %

Faciès hydrothermaux (N=8)

0.00 % 2.54 % 5.08 % 7.62 % 10.16 %
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0.00 % 3.12 % 6.25 % 9.38 % 12.50 %
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noVCc'\=VCc?¡ZAw[ZIe+g'Z�ifZAwW\=VC�'�'Y[_Rwq¡VJ_RifdSº#dfc'ZCQ#}/ZAwK\=VC�'�'Y[_Rwq¡VJ_RifdSº#dfc'ZxbA_Rg�º#Y[ZAc=`xg'c�X'_RnoVCdfc'ZvX'Z�bA_Rn$�
�3_Rw[dS`adf_Rc{`aYA¡ZAwqi�VCY[\RZ�0/i�V�noV��[_RY[dS`�^Z$X'ZAw�^ZAbz�-VCc=`adfifif_Rc'w]VC�'�-VCY¸`aZAc-VCc=`�¡V�bAZ�`[`aZ¤��VCnydfififZJifdS`a�'_Rif_R\Rdfe+g'Z
�'Y#^ZAw[ZAc=`aZAc=`�bAZA�3ZAc'X-VCc=`�g'c'Zq�'Y[_R�3_RY¸`adf_Rc�X'ZqnoVCc'\=VCc?¡ZAw[ZqbA_Rny�'Y[dfw[Z]ZAc=`aY[ZJ��QSP5» 
�Z�`���Q �R� 
 �¥���
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Troctolites (N=46)

0.00 % 4.19 % 8.39 % 12.58 % 16.77 %

Gabbros à olivine (N=99)

0.00 % 1.98 % 3.97 % 5.95 % 7.94 %

Gabbronorites (N=165)

0.00 % 0.97 % 1.94 % 2.91 % 3.88 %

Pyroxénites (N=148)

0.00 % 2.14 % 4.29 % 6.43 % 8.58 %
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Troctolites (N=83)
0.00 % 0.95 % 1.90 % 2.86 % 3.81 %

Gabbros à olivine (N=258)
0.00 % 0.33 % 0.66 % 0.99 % 1.33 %

Gabbronorites (N=152)

0.00 % 0.49 % 0.98 % 1.47 % 1.97 %

Pyroxénites (N=186)
0.00 % 0.50 % 1.01 % 1.51 % 2.02 %

Faciès hydrothermaux (N=21)
0.00 % 1.62 % 3.24 % 4.86 % 6.48 %
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X-VCc'wvifZAwx��VCbAdk¡ZAwxX?j dfny�'Y#^ZA\Rc-V<`adf_Rc�X'ZGi�Vy�h^ZAY[dfX'_C`adS`aZ]Z�`IifZAw~`aY[_#b�`a_RifdS`aZAwJ¡VobAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZCQ?²�VCc'wxifZ
`aY[d�VCc'\RifZ���� ��� � � 	�� �¥�-\Rg'Y[ZAwh��QSP5sIZ�`h��QmsR»�� 0RifZAw¨bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw�ny_Rc=`aY[ZAc=`�X'ZAg#µ�^Z�ºR_Rifg�`adf_Rc'w
X'dfw¸`adfc'b�`aZAw�e+g'Zxikj _RcyY[Z�`aY[_Rg�ºRZxX-VCc'w�ifZ~\RYaVC�'�'dfe+g'Z�^ZAe+g'dSºCVCifZAc=`�Y[ZA�'Y#^ZAw[ZAc=`zVCc=`Wi�V�`aZAc'ZAg'Y�ZAc %h_Rifi�VCwM�
`a_Rc'dS`aZIZAc��*_Rc'b�`adf_Rc�X'g ����� �¥�-\Rg'Y[Z]��Q �R���v��i�VJ\RYaVCc'X'Z�noV��[_RY[dS`�^ZvX'ZAw~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwxVCc-VCiS�#w#^ZAw
w[_Rc=`qX'ZAw]X'df_R�'w[dfX'ZAwInoVC\Rch^ZAw[dfZAc'w�Z�`qifZAg'Y[w�bA_Rny�3_Rw[dS`adf_Rc'wvc'Z$wAjM^Z�`aZAc'X'ZAc=`Ge+g'Z¤YaVCY[ZAnyZAc=`]X-VCc'w]ifZ
X'_RnoVCdfc'ZoX'Z8ikj VCg'\RdS`aZynoVCdfwGg'c'Z8e+g-VCc=`adS`�^Z�c'_Rc�ch^ZA\Rifdf\RZNVC�'ifZyX?jM^ZAbz�-VCc=`adfifif_Rc'w 0�w[g'Y¸`a_Rg�`$X'ZAw$\=VC�#�
�'Y[_Rc'_RY[dS`aZAw 0#bA_Rc=`adfZAc=`~X'ZAwWX'df_R�'w[dfX'ZAwW�'ifg'w��*ZAY[Y[dfe+g'ZAwKe+g'd¶Y[ZAw¸`aZAc=`~Y[ZAi�V<`adSºRZAnyZAc=`WbNVCifbAdfe+g'ZAwWnoVCif\RY#^Z
g'c'Zxi�^ZA\'¡ZAY[ZK`aZAc'X-VCc'bAZ¤¡V]i�V�X'dfnydfc+g�`adf_Rc$e+g-VCc'XoifZ �����$�-VCdfw[w[Z�0+ifZW`zVCg#µyX'Z %h_Rifi�VCw¸`a_Rc'dS`aZW�-VCw[waVCc=`
ZAc�ny_��RZAc'c'ZIX'ZI�=| 
 ¡VG� � 
8Q-ThZAY¸`zVCdfc'whbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwK�3ZAg�ºRZAc=`~�'Y#^ZAw[ZAc=`aZAYKX'ZAwWbA_Rny�3_Rw[dS`adf_Rc'w
��VCdf�'ifZAnyZAc=`GbNVCifbAdfe+g'ZAw$VNºRZAb�X'ZAwG`aZAc'ZAg'Y[w$ZAc %h_Rifi�VCw¸`a_Rc'dS`aZyX'ZAw[bAZAc'X-VCc=`y�-VCY¸�*_RdfwW�[g'w[e+g?j¥¡V �R��
 �
bAg'Y[dfZAg'w[ZAnyZAc=`(0=dfifw)w[_Rc=`¨�'Y[_R�3_RY¸`adf_Rc'c'ZAififZAnyZAc=`��'ifg'w�YaVCY[ZAw��-VCY[nyd�ifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw�e+g'ZKX-VCc'w¨ifZAw
VCg�`aY[ZAw¨��VCnydfififZAw)ifdS`a�'_Rif_R\Rdfe+g'ZAw)Z�`hbAZxnoVCif\RY#^ZWi�V�Y[dfbz�'ZAw[w[ZxX'ZxbAZ�`[`aZ~��VCnydfififZhifdS`a�'_Rif_R\Rdfe+g'ZhZAcy_RY¸`a�'_<�
�=�#Y[_Nµ¶¡ZAc'ZAwAQ�bAZ�`[`aZy�-VCY¸`adfbAg'i�VCY[dS`�^Z$c?j Z´µ�bAifg�`GbAZA�3ZAc'X-VCc=`J�-VCwqi�V��3_Rw[w[df�'dfifdS`�^ZJe+g'ZyX'ZAwG�'�h^ZAc'_Rn�¡ZAc'ZAw
X?j Z´µ�w[_Rifg�`adf_Rc�VCdfZAc=`JZAg�ifdfZAg:X-VCc'wGbAZAY¸`zVCdfc'ZAwGY[_#bz�'ZAw 0)ZAc=`aYaV-9<fc-VCc=`Jif_#bNVCifZAnyZAc=`qX'ZAwJ±A_Rc'ZAwJny_Rdfc'w
bNVCifbAdfe+g'ZAwqX-VCc'wGifZAwqbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ�«Ig'ZAife+g'ZAw�^ZAbz�-VCc=`adfifif_Rc'w 0/�-VCY¸`adfbAg'ifdk¡ZAY[ZAnyZAc=`qY[dfbz�'ZAwqZAc�bNVCi �
bAdfg'n¹VNºRZAbqg'c �:_��G»C� 
�0-w[Z]Xh^Z�`zVCbz�'ZAc=`vX'ZAwxc+g-VC\RZAw~X'Z]�3_Rdfc=`aw~�'Y[dfc'bAdf�-VCg#µ¶Q§ThZAw�^ZAbz�-VCc=`adfifif_Rc'w
^Z�`zVCc=`$YaVCY[ZAw 0)dfifwqc?j _Rc=`$�-VCw�^Z�`�^Z�^Z�`ag'X'd�^ZAwJZAc�Xh^Z�`zVCdfi�dfbAd 0"dfi¨c?j ZAw¸`¤ch^ZNVCc'ny_Rdfc'wG�-VCwJZ´µ�bAifg�e+g'Z8bAZAw
bA_Rny�3_Rw[dS`adf_Rc'w¨bz�'dfnydfe+g'ZAw¨`aYA¡ZAwhbNVCifbAdfe+g'ZAwhw[_RdfZAc=`WifZxY#^ZAw[g'iS`zV<`hX?j g'c'ZIY[_#X'dfc'\RdS`adfwaV<`adf_RcJ�-VCY¸`adfZAififZKX'ZAw
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Faciès Hydrothermaux (N=21)
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�$	���� ��Q ��P �J°xdfw¸`a_R\RYaVCnynyZAw�X'ZAw�`aZAc'ZAg'Y[w�ZAc$bz�'Y[_RnyZKX'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw�VCc-VCiS�#w#^ZAw��3_Rg'Y�bz�-VCe+g'Z
��VCnydfififZxX'Z���VCbAdk¡ZAwAQ

bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ
²�VCc'wvi�V$��VCnydfififZIX'ZAwx`aY[_#b�`a_RifdS`aZAw~c'_C`zVCnynyZAc=`(0'`a_Rg'wvifZAw�^ZAbz�-VCc=`adfifif_Rc'wxw[_Rc=`v`aYA¡ZAwvnoVC\Rch^ZAw[dfZAc'w

� �����qbA_Rny�'Y[dfw)ZAc=`aY[ZK|R|�
pZ�`��=s�
p�3_Rg'Y�|R��
pX'ZAwJ^ZAbz�-VCc=`adfifif_Rc'w)X'ZWbAZ�`[`aZh��VCnydfififZ¨ifdS`a�'_Rif_R\Rdfe+g'Z�0
�-\Rg'Y[ZJ��Qms������3w[ZAg'ifZAwvifZAwx`aY[_#b�`a_RifdS`aZAwJ¡VobAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZG�'Y#^ZAw[ZAc=`aZAc=`]X'ZAw	������dfc���^ZAY[dfZAg'Y[w$¡V8|R|�

Z�`�ifZAw8`aY[_#b�`a_RifdS`aZAw8VCg�w[ZAc'w�w¸`aY[dfb�`�ny_Rc=`aY[ZAc=`�ifZAw�bA_Rny�3_Rw[dS`adf_Rc'w8ifZAw��'ifg'w�noVC\Rch^ZAw[dfZAc'c'ZAw�VNºRZAb
g'c ����� " �R� 
�0'ifZAwK�h^ZAY[dfX'_C`adS`aZAwWdfny�'Y#^ZA\Rch^ZAZAwWw[Z�w[dS`ag'ZAc=`~noV��[_RY[dS`zVCdfY[ZAnyZAc=`hX-VCc'wKikj dfc=`aZAY¸ºCVCififZ
����� � � � ����� ��
��¥�-\Rg'Y[Zh��QmsRr��´Q5}"VK`aZAc'ZAg'Y)ZAc�%h_Rifi�VCw¸`a_Rc'dS`aZ�ZAw¸`�`aYA¡ZAw"ºCVCY[d�VC�'ifZ�0NifZAw"bA_Rny�3_Rw[dS`adf_Rc'w
X'ZAw�`aY[_#b�`a_RifdS`aZAw$^Z�`zVCc=`WY[ZAi�V<`adSºRZAnyZAc=`�X'dfw[�3ZAY[w#^ZAZAwWX-VCc'whikj dfc=`aZAY¸ºCVCififZ � � ��
 � � ����
(0+ZAififZ~�'Y#^ZAw[ZAc=`aZ
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(b)

Troctolites (N=83)
0.00 % 0.89 % 1.79 % 2.68 % 3.57 %

Gabbros à olivine (N=258)
0.00 % 0.29 % 0.57 % 0.86 % 1.14 %

Gabbronorites (N=152)
0.00 % 0.49 % 0.98 % 1.47 % 1.97 %

Pyroxénites (N=186)
0.00 % 0.35 % 0.70 % 1.05 % 1.40 %

Faciès hydrothermaux (N=21)
0.00 % 1.32 % 2.63 % 3.95 % 5.26 %
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�$	���� ��Q �R� ��²Id�VC\RYaVCnynyZAwIny_Rc=`aYaVCc=`qikjM^Z�ºR_Rifg�`adf_Rc X'ZAwGbA_Rny�3_Rw[dS`adf_Rc'w�ZAc�bz�'Y[_RnyZyX'ZAwGbAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZAw�ZAcy�*_Rc'b�`adf_Rc$X'g �����JZ�`�X'g¤`¾�#�3ZxifdS`a�'_Rif_R\Rdfe+g'ZCQ � �����+Th�-VCe+g'Zx�3_Rdfc=`¨Y[ZA�h^ZAw[ZAc=`aZvi�V�bA_Rn$�
�3_Rw[dS`adf_Rc ny_��RZAc'c'Z8�3_Rg'Yqg'c�^ZAbz�-VCc=`adfifif_Rc0/i�V�i�^ZA\RZAc'X'ZyX'_Rc'c-VCc=`Ji�V�w[df\Rc'dS�-bNV<`adf_Rc X'ZAwGw¸�#nJ�3_RifZAw
ZAw¸`qX'_Rc'ch^ZAZyX-VCc'w]ifZJ`zVC�'ifZNVCg:s#Q ����� ��
��8�/ifZAw�c+g-VC\RZAwqX'Z¤X'ZAc'w[dS`�^Z¤w[_Rc=`qbNVCifbAg'i�^ZAw]w[g'Y]ikj ZAc'w[ZAnJ�'ifZ
X'ZAwx�3_Rdfc=`awKX?j VCc-VCiS�#w[Z]�3_Rg'YKbz�-VCe+g'Z]��VCnydfififZxifdS`a�'_Rif_R\Rdfe+g'ZCQ

X'ZAg#µ��'dfbAwGX'Zo�*Y#^ZAe+g'ZAc'bAZ���VCdf�'ifZAnyZAc=`GnoVCY[e+gh^ZAwJikj g'c:ºRZAY[w$�=��
 Z�`Jikj VCg�`aY[ZyºRZAY[w$�+r+
 ���=|�

�¥�-\Rg'Y[ZAw���QmsC| 05��Qms��~Z�`���Q �R���´Q<}/ZAw"`aY[_#b�`a_RifdS`aZAw�VCgqw[ZAc'w�w¸`aY[dfb�`��'Y#^ZAw[ZAc=`aZAc=`¨X'ZAw�bA_Rny�3_Rw[dS`adf_Rc'w/�'ifg�` 9_C`
bNVCifbAdfe+g'ZAw � � ��� �+r 
 �K`zVCc'X'dfwxe+g'ZGbAZGw[_Rc=`Iw[g'Y¸`a_Rg�`IifZAw~`aY[_#b�`a_RifdS`aZAwJ¡VybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZGZ�`IifZAw
�h^ZAY[dfX'_C`adS`aZAwhdfny�'Y#^ZA\Rch^ZAZAwhX'_Rc=`Ki�V]`aZAc'ZAg'YKZAc�%h_Rifi�VCw¸`a_Rc'dS`aZ~X'ZAw[bAZAc'X�ZAc�X'ZAw[w[_Rg'wKX'ZI�+» 
�X-VCc'wWifZ
X'_RnoVCdfc'ZIX'ZAwxnoVC\Rch^ZAw[df_<�MVCg'\RdS`aZAwAQ
}/ZAwy^ZAbz�-VCc=`adfifif_Rc'w�X'Zxi�V���VCnydfififZhX'ZAw�\=VC�'�'Y[_Rw�¡V]_RifdSº#dfc'ZKw[_Rc=`h\Rif_R�-VCifZAnyZAc=`�i�^ZA\'¡ZAY[ZAnyZAc=`hny_Rdfc'w

noVC\Rch^ZAw[dfZAc'w]e+g'ZyifZAw�`aY[_#b�`a_RifdS`aZAw � ������� |=» 
 � �R� 
�0?�-\Rg'Y[ZAwG��Qms���Z�`G��Q �R���IZ�`q�-VCY[nyd
bAZAg#µ+�¾bAd 0)bAZ8w[_Rc=`$ifZAwG\=VC�'�'Y[_Rw�¡V�_RifdSº#dfc'Z¤Z�`¤VCny�'�'df�3_RifZAwqe+g'dh�'Y#^ZAw[ZAc=`aZAc=`yifZAwqºCVCifZAg'Y[wGX'Z �����
ifZAwx�'ifg'wK��VCdf�'ifZAw �¥�-\Rg'Y[ZG��QmsRr��´Q§}/ZAw~`aZAc'ZAg'Y[wvZAc %h_Rifi�VCw¸`a_Rc'dS`aZAw~w[_Rc=`v�'ifg'wxY[ZA\RY[_Rg'�h^ZAZAwIVCg�`a_Rg'Y~X'Z
�=| 
 ��� � 
Àe+g'Z]�3_Rg'YWifZAwW`aY[_#b�`a_RifdS`aZAw 0#ifZAwK�'dfw¸`a_R\RYaVCnynyZAwhny_Rc=`aY[ZAc=`~ch^ZNVCc'ny_Rdfc'wWg'c���VCdf�'ifZv�'dfb
ºRZAY[wy�=� 
 ZAw[w[ZAc=`adfZAififZAnyZAc=`yifd�^Z�¡V X'ZAw¤\=VC�'�'Y[_Rw!¡V _RifdSº#dfc'Z8Y[dfbz�'ZAw¤ZAc _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw �¥�-\Rg'Y[ZAw
��QmsR»70+��QmsC| 0=��Qms���Z�`W��Q �R���´Q=}/ZAw�\=VC�'�'Y[_RwI¡V]_RifdSº#dfc'ZWw[_Rc=`�`aYA¡ZAw���VCdf�'ifZAnyZAc=`¨ny_Rdfc'w�bNVCifbAdfe+g'ZAw�e+g'ZxifZAw
`aY[_#b�`a_RifdS`aZAw 0�bCj ZAw¸`¸�A¡V5�¾X'dfY[Z�e+g?j dfi=�GVx�'Y[_R�3_RY¸`adf_Rc'c'ZAififZAnyZAc=`"�'dfZAcG�'ifg'w)X?jM^ZAbz�-VCc=`adfifif_Rc'w"X'Z�`aY[_#b�`a_RifdS`aZAw
e+g'ZqX'Z]\=VC�'�'Y[_RwG¡V¤_RifdSº#dfc'Z¤¡V � � � ��� ��
�Q
}/ZAwq�=�#Y[_Nµ�^ZAc'dS`aZAwG�'Y#^ZAw[ZAc=`aZAc=`$X'ZAwqbA_Rny�3_Rw[dS`adf_Rc'wv`a_Rg5�[_Rg'Y[w�`aYA¡ZAwqnoVC\Rch^ZAw[dfZAc'c'ZAw 0"VCg�`zVCc=`qe+g'Z

ifZAwx`aY[_#b�`a_RifdS`aZAw � ������noV��[_RY[dS`zVCdfY[ZAnyZAc=`xbA_Rny�'Y[dfwvZAc=`aY[Z$|R| 
Z�` �R� 
�03�-\Rg'Y[Z$��Qms����KZ�`��-VCY[nyd
bAZAwoY[_#bz�'ZAw 0�bAZ�w[_Rc=`8ifZAw¤Y[g'�-VCc'ZAnyZAc=`aw �*e+g'ZAififZAwye+g'ZAwow[_RdfZAc=`oifZAg'Y[w¤ifdS`a�'_Rif_R\RdfZAw �qZ�`oifZAw¤_RY¸`a�'_<�
�=�#Y[_Nµ�^ZAc'dS`aZAwoe+g'd~_Rc=`yifZAw ������ifZAw¤�'ifg'w�^ZAifZ�º¨^ZAw � " �=s 
�0 �-\Rg'Y[ZAwo��QmsR»!Z�`8��QmsRr��q`zVCc'X'dfw$e+g'Z
ifZAw�%hZA�'w¸`�^ZAY[dS`aZAw¤Z�` %hZAY[�'ifdS`aZAw�¡V��'i�VC\Rdf_#bAi�VCw[Z¤w[Z8w[dS`ag'ZAc=`$X-VCc'wJifZAwqºCVCifZAg'Y[wGifZAwJ�'ifg'wG�-VCw[w[ZAw���ifZAw
VCg�`aY[ZAwG`¾�#�3ZAw$X'Z8�=�#Y[_Nµ�^ZAc'dS`aZAw$w[Z8Y#^ZA�-VCY¸`adfw[w[ZAc=`¤X'Zo��V��bA_Rc�\RY[_Rw[w[_<�¾ny_#X'_��'_Rny_R\'¡ZAc'Zow[g'YJikj dfc=`aZAYM�
ºCVCififZ ����� � � � ����� � �]Z´µ�bAZA��`�^ZoifZAw�bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw�X'_Rc=`qifZ ������ZAw¸`]`a_Rg5�[_Rg'Y[w]dfc���^ZAY[dfZAg'Y
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Troctolites (N=83)

0.00 % 0.95 % 1.90 % 2.86 % 3.81 %

Gabbros à olivine (N=258)

0.00 % 0.29 % 0.57 % 0.86 % 1.14 %

Gabbronorites (N=152)

0.00 % 0.43 % 0.87 % 1.30 % 1.73 %

Pyroxénites (N=186)

0.00 % 0.54 % 1.09 % 1.63 % 2.17 %

Faciès hydrothermaux (N=21)

0.00 % 1.42 % 2.83 % 4.25 % 5.67 %
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�$	���� ��Q ��� � ²Id�VC\RYaVCnynyZAwJny_Rc=`aYaVCc=`oikjM^Z�ºR_Rifg�`adf_Rc�X'ZAwobA_Rny�3_Rw[dS`adf_Rc'w¤ZAc `adS`zVCc'Z�X'ZAw8bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZAw�ZAcy�*_Rc'b�`adf_Rc$X'g �����JZ�`�X'g¤`¾�#�3ZxifdS`a�'_Rif_R\Rdfe+g'ZCQ � �����+Th�-VCe+g'Zx�3_Rdfc=`¨Y[ZA�h^ZAw[ZAc=`aZvi�V�bA_Rn$�
�3_Rw[dS`adf_Rc ny_��RZAc'c'Z8�3_Rg'Yqg'c�^ZAbz�-VCc=`adfifif_Rc0/i�V�i�^ZA\RZAc'X'ZyX'_Rc'c-VCc=`Ji�V�w[df\Rc'dS�-bNV<`adf_Rc X'ZAwGw¸�#nJ�3_RifZAw
ZAw¸`qX'_Rc'ch^ZAZyX-VCc'w]ifZJ`zVC�'ifZNVCg:s#Q ����� ��
��8�/ifZAw�c+g-VC\RZAwqX'Z¤X'ZAc'w[dS`�^Z¤w[_Rc=`qbNVCifbAg'i�^ZAw]w[g'Y]ikj ZAc'w[ZAnJ�'ifZ
X'ZAwx�3_Rdfc=`awKX?j VCc-VCiS�#w[Z]�3_Rg'YKbz�-VCe+g'Z]��VCnydfififZxifdS`a�'_Rif_R\Rdfe+g'ZCQ

}/ZAwK_R�'w[ZAY¸ºCV<`adf_Rc'wWXh^Z¾�5¡VJZ�¿¶ZAb�`agh^ZAZAwxw[g'YKifZAw �*YaVCY[ZAw ��_RifdSº#dfc'ZAwhZ�`KifZAwW_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw~bA_Rc=`aZAc+g'w
X-VCc'w�ifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw�w[_Rc=`�bA_Rc��-Y[n�^ZAZAw¨dfbAd 0<ifZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw¨X'ZAw$^ZAbz�-VCc=`adfifif_Rc'w�VC�'�-VCY¸`aZAc-VCc=`
¡VKbAZ�`[`aZ���VCnydfififZ"ifdS`a�'_Rif_R\Rdfe+g'Z��'Y#^ZAw[ZAc=`aZAc=`)ifZAw/bA_Rny�3_Rw[dS`adf_Rc'w¶ifZAw?ny_Rdfc'w?noVC\Rch^ZAw[dfZAc'c'ZAw��Nikj dfc=`aZAY¸ºCVCififZ
X'ZKbA_Rny�3_Rw[dS`adf_RcJ_/¡gGºCVCY[dfZWifZ@�����GZAw¸`hVCw[w[ZA±~i�VCY[\RZ�0RVCifi�VCc=`�X'Z��=»�
¹¡V �R��
 Z�`¨i�VvnoV��[ZAg'Y[ZK�-VCY¸`adfZ
X'ZAw�^ZAbz�-VCc=`adfifif_Rc'w~w[ZG`aY[_Rg�ºRZJVCg#�¾X'ZAw[w[_Rg'wIX'ZJ|=» 
 �¥�-\Rg'Y[ZAw���Qms��yZ�`I��Q �R���´Q3}/ZAwI\=VC�'�'Y[_Rc'_RY[dS`aZAw$¡V
_RifdSº#dfc'Zvw[Z�bA_Rc'bAZAc=`aY[ZAc=`xºRZAY[wxifZAwW�-VCg�`aZAwKºCVCifZAg'Y[wWX'Z������y`zVCc'X'dfwWe+g'Z]ifZAwK\=VC�'�'Y[_Rc'_RY[dS`aZAwWY[dfbz�'ZAw
ZAc VCny�'�'df�3_RifZ8Z�`´³<_Rg�ZAc _R�-VCe+g'ZAwony_Rc=`aY[ZAc=`y`a_Rg5�[_Rg'Y[woX'ZAw ������dfc���^ZAY[dfZAg'Y[w!¡V:|R� 
 �¥�-\Rg'Y[Z
��QmsRr��´Q ¡�ikj _R�'�3_Rw#^Z�0�ifZAwJ`aZAc'ZAg'Y[w¤ZAc %h_Rifi�VCw¸`a_Rc'dS`aZo�3_Rg'YJbAZ�`¾�#�3Z�X'Z8��VCbAdk¡ZAw$w[_Rc=`y�'ifg�` 9_C`$ny_Rdfc'w
ºCVCY[d�VC�'ifZAwIe+g'Z$�3_Rg'Y�ifZAw]VCg�`aY[ZAwI��VCnydfififZAw 0§ZAififZAwvºR_Rc=`q\Rif_R�-VCifZAnyZAc=`IX'Zy�=» 
 ¡V�»C� 
�noVCdfwI�'ifg'w
X'ZGi�Vyny_RdS`ad�^Z�X'ZAw�^ZAbz�-VCc=`adfifif_Rc'wx_Rc=`IX'ZAwv`zVCg#µ�X'Z�%h_Rifi�VCw¸`a_Rc'dS`aZ]�'Y[_#bz�'ZAw�X'ZG�+r 
 �¥�-\Rg'Y[ZAw���QmsR»70
��QmsC|qZ�`~��Q �R��� 0+dfi§c?j �8VG�-VCwhX'ZIX'dS¿x^ZAY[ZAc'bAZv�*_Rc'X-VCnyZAc=`zVCifZxX?j g'c8w[_Rg'wM�¾\RY[_Rg'�3ZIX'Zv\=VC�'�'Y[_Rc'_RY[dS`aZAw]¡V
g'coVCg�`aY[ZKX-VCc'w¨ifZAw¨bA_Rny�3_Rw[dS`adf_Rc'w)ZAc %h_Rifi�VCw¸`a_Rc'dS`aZ�0<`a_Rg'w¨ifZAw�`¾�#�3ZAw�ifdS`a�'_Rif_R\Rdfe+g'ZAw)w[Z~Y#^ZA�-VCY¸`adfw[waVCc=`
X-VCc'w~ikj ZAc'w[ZAnJ�'ifZ�X'Zqikj dfc=`aZAY¸ºCVCififZxX'Z]ºCVCY[d�V<`adf_Rc?Q
}/ZAw¤`aZAc'ZAg'Y[wyZAc c'dfb)&CZAi~Z�`y�3_C`zVCw[w[dfg'n X'Z�`a_Rg'w¤ifZAw¤bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwyw[_Rc=`o�'dfZAc�ZAc�X'ZAw[w[_Rg'w

X'ZJi�VyifdfnydS`aZ�X'ZJXh^Z�`aZAb�`adf_Rc!X'ZJi�VynydfbAY[_Rw[_Rc'X'ZCQ¶}/ZGnoVCc'\=VCc?¡ZAw[ZJZAw¸`��-VCY¸�*_RdfwxnyZAw[g'YaVC�'ifZGnoVCdfwxifZAw
bA_Rc'bAZAc=`aYaV<`adf_Rc'wxZAc!bAZ�`�^ZAi�^ZAnyZAc=`vw[_Rc=`v�'dfZAc��'ifg'w~��VCdf�'ifZAwKX-VCc'wvifZAw~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwve+g'ZGX-VCc'wvifZAw
_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0§bCj ZAw¸`¸�A¡V5�¾X'dfY[Zve+g?j ZAififZAwKc'ZIXh^ZA�-VCw[w[ZAc=`xi�VGifdfnydS`aZ~X'Z�Xh^Z�`aZAb�`adf_Rc�e+g'Z��3_Rg'YWifZAwW\=VC�#�
�'Y[_Rc'_RY[dS`aZAw 0)�'ifg'w$Y[dfbz�'ZAw$ZAc�noVCc'\=VCc?¡ZAw[Z�0�Z�`¤e+g'ZAife+g'ZAw¤\=VC�'�'Y[_Rw�¡V!_RifdSº#dfc'ZoZ�`$`aY[_#b�`a_RifdS`aZAw 0�ZAififZAw
c'Z w[_Rc=`�e+g'Z YaVCY[ZAnyZAc=`�nyZAw[g'YaVC�'ifZAw�X-VCc'w�ifZAw��=�#Y[_Nµ�^ZAc'dS`aZAw�Z�`�w[_Rc=`(0KX-VCc'w�`a_Rg'w�ifZAw�bNVCw 0KZAc#�
`zVCbz�h^ZAZAwoX?j g'c'Z��-VCY[Y[Z�X?j ZAY[Y[ZAg'Y¤`aYA¡ZAwodfny�3_RY¸`zVCc=`aZ�bA_Rg�º#YaVCc=`8�'ifg'w¤X'Z�i�V ny_RdS`ad�^Z8X'Z�ikj dfc=`aZAY¸ºCVCififZ
X-VCc'wxifZAe+g'ZAi?ºCVCY[dfZAc=`xifZAw~bA_Rny�3_Rw[dS`adf_Rc'wAQ-lIc��3ZAg�`��[g'w¸`aZqY[ZAnoVCY[e+g'ZAY~e+g'Z�0§bA_RnynyZ�dfi/ikj V$Xh^Z¾�5¡V�^Z�`�^Z
w[_Rg'ifdf\Rch^Zo�3_Rg'YGifZAwJ_RifdSº#dfc'ZAwqZ�`$ifZAwJ_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0�ifZAwJ�=�#Y[_Nµ�^ZAc'dS`aZAw$�'Y#^ZAw[ZAc=`aZAc=`y\Rif_R�-VCifZAnyZAc=`
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ifZAw�`aZAc'ZAg'Y[wqifZAw]�'ifg'w���VCdf�'ifZAw�ZAc:noVCc'\=VCc?¡ZAw[Z�0/ifZAw�`aY[_#b�`a_RifdS`aZAwIw[_Rc=`Gg'c��3ZAg:�'ifg'w]Y[dfbz�'ZAwqe+g'ZyifZAw
�=�#Y[_Nµ�^ZAc'dS`aZAw]noVCdfwx�'ifg'wI�-VCg�º#Y[ZAw]e+g'Z$ifZAwI\=VC�'�'Y[_Rwy¡Vo_RifdSº#dfc'ZGifZAw[e+g'ZAifwIbA_Rc=`adfZAc'c'ZAc=`]ZAg#µ+�¾n 9ZAnyZAw
X'ZAw�bA_Rc'bAZAc=`aYaV<`adf_Rc'w�X'Z ��� �'ifg'w���VCdf�'ifZAw�e+g'Z�ifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAwAQ~�)VCY�bA_Rc=`aY[Z�0~ifZAw�bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZAwGbA_Rc=`adfZAc'c'ZAc=`JX'ZAw]`aZAc'ZAg'Y[wGbA_Rc'w#^ZAe+g'ZAc=`aZAw$ZAc�VCifg'nydfc'dfg'n 0§bz�'Y[_RnyZ�0/`adS`zVCc'Z¤Z�`qw[_#X'dfg'n��
ifZAw]bA_Rc'bAZAc=`aYaV<`adf_Rc'wqZAc�bAZAw�^ZAi�^ZAnyZAc=`aw]w[_Rc=`]ºCVCY[d�VC�'ifZAw�X?j g'c�`¾�#�3ZyifdS`a�'_Rif_R\Rdfe+g'Z�¡V�g'c:VCg�`aY[Z¤waVCg��
�3_Rg'Y$ifZAwJ��VCbAdk¡ZAw¤�=�#X'Y[_C`a�'ZAY[noVCg#µ�e+g'd 0�bA_RnynyZ�c'_Rg'w¤ifZ8ºRZAY[Y[_Rc'w 0�w[_Rc=`oVC�'�-VCg�º#Y[dfw¤ZAc�`a_Rg'w¤ifZAw
^ZAi�^ZAnyZAc=`awKVCg�`aY[ZAwKe+g'ZIbAZAg#µ�bA_Rc'w¸`adS`ag�`adS�*whX'g�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �*bNVCifbAdfg'n 0+noVC\Rch^ZAw[dfg'n�Z�`Kw[dfifdfbAdfg'n�´Q
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Troctolites (N=83)
0.00 % 0.89 % 1.79 % 2.68 % 3.57 %

Gabbros à olivine (N=258)
0.00 % 0.26 % 0.51 % 0.77 % 1.02 %

Gabbronorites (N=152)
0.00 % 0.46 % 0.92 % 1.39 % 1.85 %

Pyroxénites (N=186)
0.00 % 0.35 % 0.70 % 1.05 % 1.40 %

Faciès hydrothermaux (N=21)
0.00 % 1.32 % 2.63 % 3.95 % 5.26 %
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�$	���� ��Q ��� ��²Id�VC\RYaVCnynyZAwKny_Rc=`aYaVCc=`vikjM^Z�ºR_Rifg�`adf_Rc�X'ZAwIbA_Rny�3_Rw[dS`adf_Rc'w~ZAc{VCifg'nydfc'dfg'n�X'ZAwvbAifdfc'_<�
�=�#Y[_Nµ¶¡ZAc'ZAwGZAc{�*_Rc'b�`adf_Rc{X'g ������Z�`]X'g{`¾�#�3Z¤ifdS`a�'_Rif_R\Rdfe+g'ZCQ � ���8�"Th�-VCe+g'Z¤�3_Rdfc=`�Y[ZA�h^ZAw[ZAc=`aZoi�V
bA_Rny�3_Rw[dS`adf_Rc�ny_��RZAc'c'Zh�3_Rg'Y"g'c�^ZAbz�-VCc=`adfifif_Rc0Ni�VKi�^ZA\RZAc'X'Z�X'_Rc'c-VCc=`�i�V~w[df\Rc'dS�-bNV<`adf_Rc�X'ZAw�w¸�#nJ�3_RifZAw
ZAw¸`qX'_Rc'ch^ZAZyX-VCc'w]ifZJ`zVC�'ifZNVCg:s#Q ����� ��
��8�/ifZAw�c+g-VC\RZAwqX'Z¤X'ZAc'w[dS`�^Z¤w[_Rc=`qbNVCifbAg'i�^ZAw]w[g'Y]ikj ZAc'w[ZAnJ�'ifZ
X'ZAwx�3_Rdfc=`awKX?j VCc-VCiS�#w[Z]�3_Rg'YKbz�-VCe+g'Z]��VCnydfififZxifdS`a�'_Rif_R\Rdfe+g'ZCQ

X'dfw[�3ZAY[w#^ZAZAwye+g'Z�X-VCc'w¤ifZAw$_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0�ZAififZAw$w[Z�w[dS`ag'ZAc=`¤ZAc=`aY[Z���QmrR»�
 Z�`�P 
 �3_Rg'Y$ikj ZAwM�
w[ZAc=`adfZAiKX'ZAwJ`aY[_#b�`a_RifdS`aZAw 0�X'Z���QmsR»�
 ¡V{��Qm» 
 �3_Rg'YJi�V!�'ifg'�-VCY¸`$X'ZAw$\=VC�'�'Y[_Rw�¡V{_RifdSº#dfc'ZoZ�`$X'ZAw
�=�#Y[_Nµ�^ZAc'dS`aZAw 0-Z�`~ZAc��-c�VCg#�¾X'ZAw[w[_Rg'w~X'Z]��Qms 
À�3_Rg'YWi�VGnoV��[_RY[dS`�^ZvX'ZAw~\=VC�'�'Y[_Rc'_RY[dS`aZAwhZ�`~ZAififZAwWw[_Rc=`
ZAc#�¾X'ZAw[w[_Rg'wIX'Zqi�V¤ifdfnydS`aZvX'ZqXh^Z�`aZAb�`adf_Rc��3_Rg'YxifZAwK��VCbAdk¡ZAwx�=�#X'Y[_C`a�'ZAY[noVCg#µ¶Q¶��_Rg'YxifZAw~��VCnydfififZAwhX'ZAw
`aY[_#b�`a_RifdS`aZAwGZ�`¤X'ZAw¤\=VC�'�'Y[_Rw�¡V{_RifdSº#dfc'Z�0�ifZAw$X'dS¿x^ZAY[ZAc=`aw¤w[_Rg'wM�¾\RY[_Rg'�3ZAw¤w[Z�Y#^ZA�-VCY¸`adfw[w[ZAc=`yX'Z���V��bA_Rc
\Rif_R�-VCifZAnyZAc=`$^ZAe+g'dSºCVCifZAc=`aZ~X-VCc'w�ifZ~X'_RnoVCdfc'ZKX'Z~ºCVCY[d�V<`adf_Rc$�'Y[dfc'bAdf�-VCi'X'ZAw�bA_Rny�3_Rw[dS`adf_Rc'w 0R_Rcy�3ZAg�`
ch^ZNVCc'ny_Rdfc'w¨c'_C`aZAYhe+g'Z�0#X-VCc'whifZ~\RY[_Rg'�3ZxX'ZAw�`aY[_#b�`a_RifdS`aZAw 0=ifZAw¨`aYA¡ZAw���VCdf�'ifZAw�ºCVCifZAg'Y[w�ZAc8bz�'Y[_RnyZx_Rc=`
^Z�`�^Z]_R��`aZAc+g'ZAwxw[g'Y~X'ZAwK`aY[_#b�`a_RifdS`aZAwW�'g'Y[ZAw~c'Z]bA_Rc=`aZAc-VCc=`vX'ZAw~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwxe+g'Z]w[_Rg'w~�*_RY[nyZIX'Z
bA_Rg'Y[_Rc'c'ZyZAc=`aY[Z¤_RifdSº#dfc'ZJZ�`q�'i�VC\Rdf_#bAi�VCw[Z��*bA_RnynyZJikjM^ZAbz�-VCc=`adfifif_Rc �R� �	�sRr �$0?ºR_RdfYI�-\Rg'Y[Zos#QSP-���´Q
�)VCYGbA_Rc=`aY[Z�0�ifZ¤`zVCg#µ:X'Z ����� ���GZAw¸`G`a_Rg5�[_Rg'Y[wJVCg#�¾X'ZAw[w[g'wJX'Z8��Qms 
��3_Rg'YqifZAwG\=VC�'�'Y[_Rc'_RY[dS`aZAw�¡V
_RifdSº#dfc'ZAw 0�ZAififZAw$w[Z��'i�VCbAZAc=`yVCdfc'w[dW�-VCY[nydhifZAw$�'ifg'wJ�-VCg�`aZAw$ºCVCifZAg'Y[w$ZAc�bz�'Y[_RnyZ8`zVCc'X'dfw$e+g'Z�0��-VCY
_R�'�3_Rw[dS`adf_Rc0/ifZAwG\=VC�'�'Y[_Rc'_RY[dS`aZAwqY[dfbz�'ZAwJZAc�VCny�'�'df�3_RifZ$Z�`´³<_Rg�ZAc�_R�-VCe+g'ZAwJw[Zo�'i�VCbAZAc=`JX-VCc'wJifZAw
��VCdf�'ifZAwqºCVCifZAg'Y[wJVNºRZAb�X'ZAw$�'Y[_R�3_RY¸`adf_Rc'wqX'Z�bz�'Y[_RnyZ8dfc���^ZAY[dfZAg'Y[ZAw�¡V{��QSP 
8Q�²�VCc'wGi�V���VCnydfififZ$X'ZAw
�=�#Y[_Nµ�^ZAc'dS`aZAw 0§ifZAwW_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0-ifZAw %hZAY[�'ifdS`aZAwKZ�`~ifZAwWY[g'�-VCc'ZAnyZAc=`aw~�'Y#^ZAw[ZAc=`aZAc=`vX'ZAwK`aZAc'ZAg'Y[w
ZAc8bz�'Y[_RnyZxw[g'�h^ZAY[dfZAg'Y[ZAwq¡V]i�V]ny_��RZAc'c'ZI_R�'w[ZAY¸º¨^ZAZI�3_Rg'Y�bAZ�`[`aZx��VCnydfififZhifdS`a�'_Rif_R\Rdfe+g'Z�0CifZAw<%hZAY[�'ifdS`aZAw
Z�` %hZA�'w¸`�^ZAY[dS`aZAw$¡V$�'i�VC\Rdf_#bAi�VCw[Zvw[Zq�'i�VCbAZAc=`xZAc�X'ZAw[w[_Rg'wxX'Z]i�V$ifdfnydS`aZxX'Z]Xh^Z�`aZAb�`adf_Rc?Q
}/ZAw/`aZAc'ZAg'Y[w"ZAc�`adS`zVCc'Z)ºCVCY[dfZAc=`/\Rif_R�-VCifZAnyZAc=`?X'Z¨�,
 ¡VIPRQms 
�X-VCc'w/ikj ZAc'w[ZAnJ�'ifZ�X'ZAw�^ZAbz�-VCc=`adfifif_Rc'w

�¥�-\Rg'Y[ZAw¤��Q �C�{Z�`¤��Q ����� 0)ZAififZAwqºCVCY[dfZAc=`$\Rif_R�-VCifZAnyZAc=`JX'Z���Qms�
 ¡V{��Q � 
 �3_Rg'YJi�V�noV��[_RY[dS`�^ZyX'ZAw
`aY[_#b�`a_RifdS`aZ�0�X'Z���Q � 
�¡V���Qm» 
 �3_Rg'Yyi�V{�'ifg'�-VCY¸`oX'ZAwy\=VC�'�'Y[_Rw{¡V�_RifdSº#dfc'Z�0�X'Z!��QSP+
�¡V:��Qms 

�3_Rg'YWi�VGnoV��[_RY[dS`�^ZvX'ZAwK\=VC�'�'Y[_Rc'_RY[dS`aZAw 0�Z�`~ZAc��-c�ZAififZAwhw[_Rc=`~ZAc#�¾X'ZAw[w[_Rg'wxX'ZAwKifdfnydS`aZAw�X'ZIXh^Z�`aZAb�`adf_Rc
�3_Rg'Y]i�V�\RYaVCc'X'ZynoV��[_RY[dS`�^ZJX'ZAwG�=�#Y[_Nµ�^ZAc'dS`aZAwGZ�`qi�V�`a_C`zVCifdS`�^ZJX'ZAwqX'df_R�'w[dfX'dS`aZAw�Z�`G\=VC�'�'Y[_Rw]�=�#X'Y[_<�
`a�'ZAY[noVCg#µ¶Q ^��`zVCc=`qX'_Rc'ch^Z¤i�V8�-VCg�º#Y[Z�`�^Z¤ZAc _R�-VCe+g'ZAwqZAc \)^ZAch^ZAYaVCi�Z�`]ZAc�_Nµ#�#X'ZAw]�*ZAY[Y[_<� `adS`zVCch^ZAwIZAc
�-VCY¸`adfbAg'ifdfZAYI_R�'w[ZAY¸º¨^ZAZ8X-VCc'wqifZAw{^ZAbz�-VCc=`adfifif_Rc'w]VC�'�-VCY¸`aZAc-VCc=`JVCg#µ ��VCnydfififZAwvX'ZAwq\=VC�'�'Y[_Rc'_RY[dS`aZAw]Z�`
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Xmg (%)
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(b)

Troctolites (N=83)

0.00 % 0.83 % 1.67 % 2.50 % 3.33 %

Gabbros à olivine (N=258)

0.00 % 0.33 % 0.66 % 0.99 % 1.33 %

Gabbronorites (N=152)

0.00 % 0.40 % 0.81 % 1.21 % 1.62 %

Pyroxénites (N=186)

0.00 % 0.39 % 0.78 % 1.16 % 1.55 %

Faciès hydrothermaux (N=21)

0.00 % 1.21 % 2.43 % 3.64 % 4.86 %
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(a)

�$	���� ��Q �+s�� ²Id�VC\RYaVCnynyZAwIny_Rc=`aYaVCc=`GikjM^Z�ºR_Rifg�`adf_Rc X'ZAwGbA_Rny�3_Rw[dS`adf_Rc'w�ZAc:w[_#X'dfg'n X'ZAwGbAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'ZAw�ZAcy�*_Rc'b�`adf_Rc$X'g �����JZ�`�X'g¤`¾�#�3ZxifdS`a�'_Rif_R\Rdfe+g'ZCQ � �����+Th�-VCe+g'Zx�3_Rdfc=`¨Y[ZA�h^ZAw[ZAc=`aZvi�V�bA_Rn$�
�3_Rw[dS`adf_Rc ny_��RZAc'c'Z8�3_Rg'Yqg'c�^ZAbz�-VCc=`adfifif_Rc0/i�V�i�^ZA\RZAc'X'ZyX'_Rc'c-VCc=`Ji�V�w[df\Rc'dS�-bNV<`adf_Rc X'ZAwGw¸�#nJ�3_RifZAw
ZAw¸`qX'_Rc'ch^ZAZyX-VCc'w]ifZJ`zVC�'ifZNVCg:s#Q ����� ��
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Oman - Pyroxénites
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Oman - Pyroxénites
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X'dfw[�3ZAY[w#^ZAZAwxZAc=`aY[ZG�$Z�`v��QmsR» �*bA_Rc'bAZAc=`aYaV<`adf_Rc�ZAc�c'_RnJ�'Y[Z]X?j V<`a_RnyZIX-VCc'wxi�VG�*_RY[nJg'ifZIw¸`aY[g'b´�
`ag'YaVCifZ �?noVCdfw/w[ZhY#^ZAg'c'dfw[w[ZAc=`�i�^ZA\'¡ZAY[ZAnyZAc=`�VCg�`a_Rg'Y�X'Z¨ºCVCifZAg'Y[w�ny_��RZAc'c'ZAw�����QSP��W�/��QSP5»��¶`zVCc'X'dfw
e+g'ZxifZAw�`aZAc'ZAg'Y[w�ZAcoVCifg'nydfc'dfg'n w[ZxY[ZA\RY[_Rg'�3ZAc=`¨`aYA¡ZAw��*YaVCc'bz�'ZAnyZAc=`hX-VCc'w¨ifZAw��*_RY¸`aZAw¨bA_Rc'bAZAc#�
`aYaV<`adf_Rc'w �MPRQm»q�Ws#Qm»Jw[d/_Rc���VCdS`xVC�'w¸`aYaVCb�`adf_Rc�X'ZAwvVCny�'�'df�3_RifZAwWX?j VCiS`�^ZAYaV<`adf_Rc ���
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X'_Rc'b~ZAc ^Z�º#dfX'ZAc'bAZxifZAw¨bNVCYaVCb�`N¡ZAY[ZAw�bz�'dfnydfe+g'ZAw¨ifZAw¨�'ifg'w¨noVCY[e+gh^ZAw¨X'Zxbz�-VCe+g'Z~��VCnydfififZhifdS`a�'_Rif_R\Rdfe+g'Z�0
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Coefficient de corrélation :   0.9010
Équation de la droite de corrélation : y = 0.6684x + 31.7396
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    Xmg des Opx

Coefficient de corrélation :   0.9483
Équation de la droite de corrélation : y = 0.7547x + 24.1292
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VCg¤bz�-VC�'dS`aY[ZxsIw[g'Y¨X'ZAw¨bAY[dS`N¡ZAY[ZAw��h^Z�`aY[_R\RYaVC�'�'dfe+g'ZAwAQ+��_Rg'Y�`a_Rg�`aZAw�ifZAw���VCnydfififZAw�ifdS`a�'_Rif_R\Rdfe+g'ZAw 0<ikj VCifg#�
nydfc'dfg'n X-VCc'wqifZAwq_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwJZAw¸`�¡V��3ZAg:�'YA¡ZAwGbA_Rc'w¸`zVCc=`JnoVCdfw�ifZAwGVCg�`aY[ZAwqbNVCYaVCb�`N¡ZAY[ZAwGbz�'d �
nydfe+g'ZAwK�'Y#^ZAw[ZAc=`aZAc=`IX'ZAw~ºCVCY[d�V<`adf_Rc'wWw[ZAc'w[df�'ifZAw~X?j g'c�`¾�#�3ZqifdS`a�'_Rif_R\Rdfe+g'Z$¡V$g'c�VCg�`aY[Z¤�
PRQx}"V���VCnydfififZ8X'ZAw ��45B/;C��B3(��¥���#� ZAw¸`�bAi�VCdfY[ZAnyZAc=`oifZ�\RY[_Rg'�3Z�ifdS`a�'_Rif_R\Rdfe+g'Z�ifZ��'ifg'wo�'Y[dfnydS`adS� 0
dfivbA_Rc=`adfZAc=`�ifZAw�nydfch^ZAYaVCg#µ��*ZAY[Y[_<�¾noVC\Rch^ZAw[dfZAc'w �*_RifdSº#dfc'Z�0�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0~bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z �
�'Y#^ZAw[ZAc=`zVCc=`KifZAw�bA_Rny�3_Rw[dS`adf_Rc'w¨ifZAw��'ifg'w�noVC\Rch^ZAw[dfZAc'c'ZAw 0#ifZAw��'ifg'w�Y[dfbz�'ZAwhZAc8c'dfb)&CZAi 0+bz�'Y[_RnyZ�0
VCifg'nydfc'dfg'nÀZ�`~w[_#X'dfg'n¹Z�`~ZAc�n 9ZAnyZv`aZAny�'w 0-ifZAw~�'ifg'wK�-VCg�º#Y[ZAwxZAc�noVCc'\=VCc?¡ZAw[ZCQ
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¡V$bAZAififZAwKnyZAw[g'Y#^ZAZAwx�3_Rg'Y~ifZAwW`aY[_#b�`a_RifdS`aZAwAQ
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ºCVCY[d�VC�'ifZAw��=bAZAY¸`zVCdfc'whX'ZAwy^ZAbz�-VCc=`adfifif_Rc'w�VC�'�-VCY¸`aZAc-VCc=`q¡VqbAZx`¾�#�3ZvifdS`a�'_Rif_R\Rdfe+g'ZW�3_Rg'Y[YaVCdfZAc=`hw[Z
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Xmg des Cpx
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Xmg des Cpx

Troctolites (N=127)

0.00 % 4.33 % 8.66 % 12.99 % 17.32 %

Gabbros à olivine (N=233)

0.00 % 2.47 % 4.94 % 7.40 % 9.87 %

Gabbronorites (N=186)

0.00 % 2.42 % 4.84 % 7.26 % 9.68 %

Pyroxénites (N=15)

0.00 % 18.33 % 36.67 % 55.00 % 73.33 %

Faciès hydrothermaux (N=14)

0.00 % 21.43 % 42.86 % 64.29 % 85.71 %

(b)(a)
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�$	���� ��Q �=| � t�YaVC�'�'dfe+g'ZJny_Rc=`aYaVCc=`]ikjM^Z�ºR_Rifg�`adf_Rc!X'Z$i�Vy`aZAc'ZAg'Y]ZAc�VCc'_RY¸`a�'dS`aZJX'g �'i�VC\Rdf_#bAi�VCw[ZqZAc
�*_Rc'b�`adf_Rc:X'g ����� X'g�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZCQ)��_Rg'YJifZAwq`aY[_#b�`a_RifdS`aZAw 0/c'_RY[dS`aZAwGZ�`J_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAwJc'Z
bA_Rc=`aZAc-VCc=`¨�-VCw�X'ZKbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0Rg'c �����GX'ZWbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZWº#dfY¸`ag'ZAi'V!^Z�`�^ZWbNVCifbAg'i�^Z]¡VI�-VCY¸`adfY)X'g
������X'ZAwI_RifdSº#dfc'ZAw~_Rg!X'ZAwI_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw �¥ºR_RdfY~�-\Rg'Y[ZJ��Q �+r¤�3_Rg'YvifZAw�^ZAe+g-V<`adf_Rc'wv�3ZAY[nyZ�`[`zVCc=`
bAZ]bNVCifbAg'i � 0�� ���J��bz�-VCe+g'Zq�3_Rdfc=`KY[ZA�'Y#^ZAw[ZAc=`aZqi�VJny_��RZAc'c'Z]X'Z�bA_Rny�3_Rw[dS`adf_Rc8�3_Rg'YWg'c�^ZAbz�-VCc=`adfifif_Rc��
��
��J�-ifZAwKc+g-VC\RZAwxX'Z]X'ZAc'w[dS`�^Z]_Rc=`�^Z�`�^Z]bNVCifbAg'i�^ZAwKw[g'Y~ikj ZAc'w[ZAnJ�'ifZ�X'ZAwxny_��RZAc'c'ZAwx�-VCY�^ZAbz�-VCc=`adfifif_Rc?Q

bA_Rny�3_Rw[dS`adf_Rc'w$`aYA¡ZAw8Xh^ZA�'Y[dfn�^ZAZAw8ZAc¹^ZAi�^ZAnyZAc=`awonydfc'ZAg'Y[w ��VCifg'nydfc'dfg'n 0)`adS`zVCc'Z�Z�`�w[_#X'dfg'n�
ifZAwIX'dfw¸`adfc'\Rg'ZAc=`IbAZA�3ZAc'X-VCc=`]`aYA¡ZAwIc'Z�`[`aZAnyZAc=`]X'ZAw�Y[_#bz�'ZAwIX'Z$i�Vow#^ZAY[dfZG`aY[_#b�`a_RifdS`aZ���\=VC�'�'Y[_
¡V�_RifdSº#dfc'ZCQ/}/ZAw]`aZAc'ZAg'Y[wGZAc�VCc'_RY¸`a�'dS`aZyVCc'_RY[noVCifZAnyZAc=`��-VCg�`aZAwGX'ZAwq�'i�VC\Rdf_#bAi�VCw[ZAw�X'ZybAZ�`[`aZ
��VCnydfififZvifdS`a�'_Rif_R\Rdfe+g'ZI�3ZAg�`=9Z�`aY[ZqZ´µ��'ifdfe+gh^ZAZGw[_RdS`x�-VCYxi�V$c-V<`ag'Y[ZqXh^ZA�'Y[dfn�^ZAZqX'ZqifZAg'YxnoVC\RnoV
�-VCY[ZAc=`(05w[_RdS`��-VCY�g5�[c'Z¨�*_RY¸`aZ¨�'Y[ZAw[w[df_RcG�-VCY¸`adfZAififZ�X?j ZNVCgJX-VCc'w�ifZ¨noVC\RnoVW�-VCY[ZAc=` �<i�VK�-VCg�º#Y[Z�`�^Z
X'ZAw]Y[_#bz�'ZAwqX'Z¤i�Vo��VCnydfififZqX'ZAw]\=VC�'�'Y[_Rc'_RY[dS`aZAw�ZAc:VCny�'�'df�3_RifZAwI_Rg�VCg�`aY[Z¤�'�-VCw[Z¤�=�#X'YaV<`�^ZAZ
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X'ZAw¨�*ZAY[Y[_<�¾noVC\Rch^ZAw[dfZAc'w¨X'ZAw � �/45B#.GH�#>��¥���#� 0+VCdfc'w[d-e+g'Zxi�V��'ifg'�-VCY¸`
X'ZAw�bA_Rc'bAZAc=`aYaV<`adf_Rc'w�ZAc¤nydfc'ZAg'Y[w��¥`adS`zVCc'Z�0Cw[_#X'dfg'n 05noVCc'\=VCc?¡ZAw[ZWZ�`¨c'dfb)&CZAi ��ifZAw)YaVC�'�'Y[_#bz�'ZAc=`
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`adfe+g'ZAwAQ§½¾ifwx�'Y#^ZAw[ZAc=`aZAc=`�bAZA�3ZAc'X-VCc=`Ig'c�bNVCYaVCb�`N¡ZAY[Zq�'ifg'wxXh^ZA�'Y[dfn�^Z�0-w[g'Y¸`a_Rg�`vnoVCY[e+gh^Zq�-VCYxifZAw
��VCdf�'ifZAwJbA_Rc'bAZAc=`aYaV<`adf_Rc'w¤ZAc�VCifg'nydfc'dfg'n Z�`ybz�'Y[_RnyZ�nyZAw[g'Y#^ZAZAwyX-VCc'w¤ifZAw$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0
e+g'd~ifZAwyw[dfc'\Rg'i�VCY[dfw[ZCQ�}�j VC�'w[ZAc'bAZ!e+g-VCw[d � `a_C`zVCifZ�X'Z��'i�VC\Rdf_#bAi�VCw[Z8X-VCc'woifZAwyY[_#bz�'ZAwyX'Z�bAZ�`[`aZ
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}"V��-\Rg'Y[Zx��Q �=|�ny_Rc=`aY[ZKikjM^Z�ºR_Rifg�`adf_Rc$X'Zxi�Vv`aZAc'ZAg'Y�ZAcoVCc'_RY¸`a�'dS`aZKX'ZAw��'i�VC\Rdf_#bAi�VCw[ZAw)ZAc¤�*_Rc'b�`adf_Rc
X'g ������X'ZAwybAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw���`a_Rg'w¤ifZAwJ`¾�#�3ZAwyifdS`a�'_Rif_R\Rdfe+g'ZAwGc'Z�bA_Rc=`aZAc-VCc=`o�-VCw¤X'Z�bAifdfc'_R�=�=�
Y[_Nµ¶¡ZAc'Z �*ZAc��-VCY¸`adfbAg'ifdfZAYyifZAw8`aY[_#b�`a_RifdS`aZAw 0�c'_RY[dS`aZAw8Z�`�bAZAY¸`zVCdfc'ZAw��=�#Y[_Nµ�^ZAc'dS`aZAw � 0KifZ!�'Y[_R�'ik¡ZAnyZ!X'Z
i�V8Y[ZA�'Y#^ZAw[ZAc=`zV<`adf_Rc:X'Z¤bAZAw ^ZAbz�-VCc=`adfifif_Rc'w�X-VCc'w]g'c `aZAi�X'd�VC\RYaVCnynyZGwAj ZAw¸`G�3_Rw#^ZCQ"}/ZAw ^ZAbz�-VCc=`adfifif_Rc'w
bA_Rc=`aZAc-VCc=`!¡V!i�V��*_RdfwGX'g�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�Z�`$X'Z8ikj _RifdSº#dfc'Z¤_Rg�¡V!i�V��*_RdfwGX'g�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�Z�`$X'Z
ikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�c'Z�w[_Rc=`y�-VCw$YaVCY[ZAw 0�w[g'Y$i�V��-\Rg'Y[Z���Q �+r70)_Rc��3ZAg�`¤ºR_RdfYJikjM^Z�ºR_Rifg�`adf_Rc�X'g �����
X'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwhZAcy�*_Rc'b�`adf_RcyX'Z~bAZAifg'd§X'ZAw�_RifdSº#dfc'ZAw�_RgoX'ZAw�_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAwAQ-ThZxX'd�VC\RYaVCnynyZ
�'Y#^ZAw[ZAc=`aZJ�'ifg'w[dfZAg'Y[w~dfc=`�^ZAY 9Z�`awq�-ZAc��'Y[ZAnydfZAY~ifdfZAg0'dfi/ny_Rc=`aY[Z]g'c'Z]`aYA¡ZAw~�*_RY¸`aZ]bA_RY[Y#^ZAi�V<`adf_Rc�ZAc=`aY[ZGifZAw
YaVC�'�3_RY¸`aw #&%

) � '.#&%
X'ZAwWbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw 0'X'ZAwW_RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZAw~Z�`WX'ZAwW_RifdSº#dfc'ZAw��?¡VGe+g'ZAife+g'ZAwK�3_Rdfc=`aw

dfw[_Ri�^ZAw��'YA¡ZAw 0+i�VIi�^ZA\'¡ZAY[ZKX'dfw[�3ZAY[w[df_Rc$X'gyc+g-VC\RZ~X'Z~�3_Rdfc=`aw�ZAc=`aY[ZxX-VCc'w�i�VI�-VCY[Y[Z~X?j ZAY[Y[ZAg'Y�VCc-VCiS�+`adfe+g'ZCQ
ThZJY#^ZAw[g'iS`zV<`I�3ZAY[nyZ�`[`aYaVy�-VCYIi�Vyw[g'dS`aZGX'ZJbNVCifbAg'ifZAYxX'ZAw	������º#dfY¸`ag'ZAifwv�3_Rg'YvifZAw�^ZAbz�-VCc=`adfifif_Rc'wxc'Z
bA_Rc=`aZAc-VCc=`y�-VCw¤X'Z�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�Z�`¤X'Z�Y[ZA�'Y#^ZAw[ZAc=`aZAYybAZAw�^ZAbz�-VCc=`adfifif_Rc'wJw[g'Y¤g'c�\RYaVC�'�'dfe+g'Z8`aZAi
e+g'ZGbAZAifg'd/�'Y#^ZAw[ZAc=`�^ZJZAc��-\Rg'Y[ZG��Q �=|¤ZAc�bA_Rc'w[dfXh^ZAYaVCc=`vifZ�������_R��`aZAc+g!bA_RnynyZ�Z´µ'VCb�`�VCg#µ��-VCY[Y[ZAw
X?j ZAY[Y[ZAg'YvVCc-VCiS�+`adfe+g'ZAwK�'YA¡ZAwAQ
��c'w[g'dS`aZ�0�ifZAwqe+g'ZAife+g'ZAwG�3_Rdfc=`awqw[Zy�'i�V��bNVCc=`Gi�^ZA\'¡ZAY[ZAnyZAc=`qZAc�X'ZA�'_RY[wGX'g:c+g-VC\RZy�'Y[dfc'bAdf�-VCi�w[g'Y

i�VG�-\Rg'Y[Z]��Q �+rJw[_Rc=`xY[ZA�'Y#^ZAw[ZAc=`�^ZAwv�-VCYKg'c'Z�\=VC�'�'Y[_Rc'_RY[dS`aZ�0'X'ZAg#µ�`aY[_#b�`a_RifdS`aZAw]¡V$bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0-g'c
\=VC�'�'Y[_�¡VG_RifdSº#dfc'Z~Y[dfbz�'ZIZAc8_R�-VCe+g'ZAw 0'g'c'Z	%hZAY[�'ifdS`aZ¤¡VG�'i�VC\Rdf_#bAi�VCw[Z~Z�`WifZAw���VCbAdk¡ZAwh�=�#X'Y[_C`a�'ZAY[noVCg#µ¶Q
ThZAi�V~w[df\Rc'dS�-Z�e+g'Z�0�`a_Rg�`�bA_RnynyZ¨�3_Rg'Y/ifZAw)VCg�`aY[ZAw/`¾�#�3ZAw)ifdS`a�'_Rif_R\Rdfe+g'ZAw 0�ifZAw"��VCbAdk¡ZAw"X?j dfny�'Y#^ZA\Rc-V<`adf_Rc0
�-VCY[±A�'g'Y[\RdS`aZAw]Z�`qX'g'c'dS`aZAw8¡V��'i�VC\Rdf_#bAi�VCw[ZGZ�`´³<_Rg�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�0"VCdfc'w[d�e+g'Z¤ifZAw���VCbAdk¡ZAw�bA_Rc=`aZAc-VCc=`
X'ZAw]bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw]�  ]bAdfifdS`adfe+g'ZAw �¥`aY[_#b�`a_RifdS`aZAw¤¡V�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z¤ZAc=`aY[ZyVCg�`aY[ZAw �v�'Y#^ZAw[ZAc=`aZAc=`JX'ZAw
bz�'dfnydfw[nyZAwxbA_RY[Y#^ZAi�^ZAwI�3_Rg'YvifZAwv_RifdSº#dfc'ZAwxZ�`�ifZAwv�=�#Y[_Nµ¶¡ZAc'ZAwAQ)ThZAi�VoZ´µ��'ifdfe+g'ZGifZAwv�*_RY¸`aZAwvw[dfnydfifdS`ag'X'ZAw
ZAc=`aY[Z]ifZAwh`aY[_#b�`a_RifdS`aZAw]¡VJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�Z�`~ifZAwK\=VC�'�'Y[_Rwq¡VJ_RifdSº#dfc'Z�0#ifZAw[e+g'ZAifwKbA_Rny��`aZv`aZAc+g�X'Z�ifZAg'Y
`aZ´µ#`ag'Y[ZI_Rc=`h�'Y[_R�-VC�'ifZAnyZAc=`hbAY[dfw¸`zVCififdfw#^ZK_RifdSº#dfc'ZAw¨Z�`WbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwWZAc�^ZAe+g'dfifdf�'Y[ZCQ+²�VCc'w�ifZxXh^ZA�-V<`
w[g'Yoikj _RY[df\Rdfc'Z�Y#^ZAw[dfX'g'ZAififZ�_Rg bAg'nJg'i�V<`adSºRZ�X'ZAw8_RifdSº#dfc'ZAw¤w[g'�#�MVCg�`a_Rny_RY[�'�'ZAwobA_Rc=`aZAc+g'ZAw�X-VCc'w8ifZAw
��VCbAdk¡ZAw$X?j dfny�'Y#^ZA\Rc-V<`adf_Rc0�bCj ZAw¸`oVCg'w[w[dWg'c�VCY[\Rg'nyZAc=`$e+g'd 0�VCw[w[_#bAd�^Z:¡V!i�V���VCdf�'ifZoX'dSºRZAY[\RZAc'bAZ�X'Z�i�V
bz�'dfnydfZx\)^ZAch^ZAYaVCifZIX'ZAwWX'dS¿x^ZAY[ZAc=`aZAwK�'�-VCw[ZAwKnydfch^ZAYaVCifZAw�ZAc=`aY[Z�ifZAw�`aY[_#b�`a_RifdS`aZAw�Z�`KifZAwhdfny�'Y#^ZA\Rc-V<`adf_Rc'w 0
��VCdS`$�3ZAc'bz�'ZAYoi�V!�-VCi�VCc'bAZ�X'g b"9_C`�^Z�X?j g'c'Z�_RY[df\Rdfc'Z8�'ifg�` 9_C`¤bAg'nJg'i�V<`adSºRZCQ�½¾iW��VCg�`$`a_Rg�`yX'Z�n 9ZAnyZ
w[_Rg'ifdf\Rc'ZAYhe+g'Z�ifZAwh�-VCY[±A�'g'Y[\RdS`aZAwWZ�`~ifZAwhX'g'c'dS`aZAwKdfny�'Y#^ZA\Rch^ZAZAwWY[ZAw¸`aZAc=`~X'ZAwKY[_#bz�'ZAwW`aYA¡ZAwW�'Y[dfnydS`adSºRZAw
Z�`¨e+g?j g'cyY#^Z´�R^ZAe+g'dfifdf�'YaVC\RZ�ZAc=`aY[Z~ifZAw�_RifdSº#dfc'ZAw�Z�`�ifZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw¨Z�`¨�'i�VC\Rdf_#bAi�VCw[ZAw�dfny�'Y#^ZA\Rc-VCc=`¨V
�'g�w[ZI��VCdfY[Z�0#g'c'Zv`aZAififZv�=�#�3_C`a�?¡ZAw[Z]bAZA�3ZAc'X-VCc=`~Y[ZAw¸`aZ��3ZAg��'Y[_R�-VC�'ifZvX'g8��VCdS`WX'ZIikj VCg�`a_Rny_RY[�'�'dfw[nyZ
X'ZAwG_RifdSº#dfc'ZAw 0/X'ZyifZAg'YGVC�'w[ZAc'bAZoX'ZoXh^Z��*_RY[noV<`adf_Rc Z�`Gw[g'Y¸`a_Rg�`JX'ZyifZAg'Y]`zVCdfififZJZ�`JX'Zyikj VC�'w[ZAc'bAZoX'Z
±A_Rc-VC\RZKb  ]g'YM�¾�3_RY[X?QR}/ZWY#^Z´�R^ZAe+g'dfifdf�'YaVC\RZhch^ZAbAZAw[w[dS`aZ~X'ZAw�bA_Rc'X'dS`adf_Rc'w)X'ZW`aZAny�h^ZAYaV<`ag'Y[ZK�-VCY¸`adfbAg'ifdk¡ZAY[ZAw 0
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^ZAe+g'dfifdf�'YaVC\RZ�if_Rc'\~bCj ZAw¸`¸�A¡V5�¾X'dfY[Z¨X?j g'c'Z��'�-VCw[Z�¡V~�-VCg�`aZ¨`aZAny�h^ZAYaV<`ag'Y[Z¨X'Z�if_Rc'\Rg'Z�X'g'Y#^ZAZWVCgqbA_Rg'Y"X'Z�i�V
�*_RY[noV<`adf_RcqX'ZWbAZAw�Y[_#bz�'ZAwAQ+lIY)ifZAw�`aZ´µ#`ag'Y[ZAw�X'ZWbAg'nJg'i�V<`aw)�  ]bAdfifdS`adfe+g'ZAw�_R�'w[ZAY¸º¨^ZAZAw¨X-VCc'w)`a_Rg�`aZAw�ifZAw
�h^ZAY[dfX'_C`adS`aZAwxdfny�'Y#^ZA\Rch^ZAZAwvw[_Rc=`�bA_Rc=`aYaVCX'dfb�`a_RdfY[ZAwvVNºRZAbJbAZAwIbA_Rc'X'dS`adf_Rc'wxbNVCY¤¡Vo�-VCg�`aZq`aZAny�h^ZAYaV<`ag'Y[Z�0
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Gabbros 

Gabbros à Amphibole

Webstérites à Plagioclase

Webstérites

Webstérites à Olivine

Clinopyroxénites

Clinopyroxénites à Olivine

Orthopyroxénites

Orthopyroxénites à Olivine

Werhlites

Werhlites à Plagioclase

Rubanements de pyroxènes

Diorites et Granodiorites

An %

50 − 70

0 − 65

90 − 95

−

−

−

−

−

−

−

85 − 87

−

> 95

5 − 90

2 − 95

0 − 99

0 − 99

−

Fo %

−

−

−

85 − 90

85 − 90

80 − 91

85 − 90

85 − 90

≅ 90

85 − 90

80 − 85

87 − 91

91 − 95

85 − 95

−

−

−

−

MnO

−

−

−

0.05 − 0.20

0.10 − 0.30

0.15 − 0.35

0.10 − 0.20

0.10 − 0.15

0.15 − 0.25

0.10 − 0.20

0.25 − 0.30

0.05 − 0.20

< 0.2

0.3 − 0.4

−

−

−

−

NiO

0.30 − 0.50

0.10 − 0.30

0.20 − 0.35

0.20 − 0.30

0.40 − 0.60

0.40 − 0.50

0.15 − 0.20

0.30 − 0.40

0.20 − 0.70

0.30 − 0.50

0.00 − 0.40

−

−

−

−

−

−

−

Xmg

≅ 80

≅ 68

75 − 80

80 − 90

85 − 91

80 − 88

88 − 90

88 − 92

≅ 90

86 − 88

−

85 − 93

> 92

75 − 85

−

60

−

−

MnO

≅ 0.25

≅ 0.55

0.20 − 0.25

0.05 − 0.30

0.00 − 0.15

0.15 − 0.30

≅ 0.20

0.05 − 0.20

≅ 0.10

≅ 0.20

−

0.05 − 0.20

< 0.10

≅ 0.30

−

0.40

−

−

Cr2O3

0.00

0.00

0.10 − 0.20

0.10 − 0.50

0.30 − 0.50

0.10 − 0.50

0.50 − 0.60

0.40 − 0.90

0.60 − 0.90

≅ 0.45

−

0.30 − 0.90

0.70 − 0.80

0.10 − 0.60

−

0.10

−

−

Al203
Dunites à Plagioclase 80 − 90 88 − 90 0.10 − 0.20 0.20 − 0.40 85 − 91 0.15 − 0.25 0.60 − 0.70 1.50 − 2.50

Dunites à Plagioclase et Pyroxène 80 − 90 85 − 90 0.10 − 0.20 0.20 − 0.40 85 − 91 0.15 − 0.25 ≅ 0.50 ≅ 1.50

Harzburgites à Plagioclase 80 − 90 86 − 91 0.10 − 0.20 0.20 − 0.40 85 − 91 0.15 − 0.25 0.50 − 0.70 1.50 − 2.00

Harzburgites à Plagioclase et Pyroxène 80 − 95 86 − 91 0.10 − 0.20 0.20 − 0.40 85 − 91 0.15 − 0.25 0.50 − 0.90 1.50 − 2.00

Troctolites 70 − 95 85 − 91 0.05 − 0.25 0.20 − 0.50 88 − 92 0.10 − 0.30 0.10 − 0.60 0.75 − 1.75

Troctolites à Clinopyroxène 70 − 95 75 − 91 0.15 − 0.30 0.05 − 0.35 79 − 89 0.10 − 0.30 0.10 − 0.90 1.00 − 4.50

Gabbros à Olivine 50 − 95 70 − 90 0.10 − 0.40 0.00 − 0.40 70 − 90 0.10 − 0.30 0.10 − 0.40 1.00 − 2.00

Gabbros à Olivine et Amphibole 60 − 90 69 − 82 0.25 − 0.50 0.10 − 0.30 80 − 85 0.20 − 0.30 ≅ 0.10 1.00 − 1.50

Gabbros à Olivine riches en Opaques 70 − 80 83 − 87 0.10 − 0.20 0.00 − 0.30 ≅ 85 0.25 − 0.30 0.10 − 0.30 1.00 − 1.25

Gabbros à Olivine et Orthopyroxène 60 − 95 70 − 91 0.10 − 0.45 0.00 − 0.50 75 − 90 0.10 − 0.45 0.00 − 0.70 1.00 − 2.50

Gabbros à Olivine, Orthopyroxène et 

Amphibole
60 − 95 68 − 82 0.25 − 0.45 0.00 − 0.20 75 − 80 0.25 − 0.45 0.00 − 0.20 1.00 − 1.50

≅ 1.00

≅ 1.00

Gabbronorites à Olivine 85 − 95 80 − 90 0.15 − 0.35 0.00 − 0.30 80 − 90 0.10 − 0.30 0.20 − 0.70 1.50 − 2.00

Gabbronorites 30 − 98 75 − 90 0.10 − 0.30 0.15 − 0.50 65 − 90 0.10 − 0.50 0.00 − 0.60 0.50 − 2.00

Gabbronorites à Amphibole 78 − 98 − − − 65 − 85 0.20 − 0.40 0.00 − 0.20 0.50 − 1.50

Gabbronorites riches en Opaques 88 − 98 − − − 55 − 65 0.40 − 0.80 ≅ 0.00 0.50 − 1.25

Norites 50 − 95 − − − 60 − 85 0.10 − 0.50 0.00 − 0.15 0.75 − 2.00

Norites riches en Amphiboles 50 − 95 − − − 55 − 75 0.20 − 0.60 ≅ 0.00 1.00 − 2.00

Norites riches en Amphiboles et en Opaques 30 − 95 − − − 50 − 60 0.40 − 0.80 ≅ 0.00 0.75 − 1.50

≅ 1.50

0.75 − 2.25

1.00 − 2.00

0.50 − 2.00

≅ 1.50

0.25 − 2.50

≅ 2.00

1.75 − 2.25

−

0.75 − 2.75

≅ 1.50

≅ 1.50

−

1.25

−

−

Trondhjémites et Tonalites

Plagioclasites

Olivines Orthopyroxènes
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Diopsidites et gabbros hydrothermaux

Diabases

Plagio.
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Diopsidites et gabbros hydrothermaux

Clinopyroxènes Amphiboles Magmatiques

Diabases

Xmg

72 − 85

75 − 85

83 − 85

85 − 93

87 − 90

87 − 93

90 − 93

90 − 93

90 − 93

87 − 91

89 − 91

89 − 93

> 93

−

75 − 85

≅ 87

−

−

Wo %

42 − 48

44 − 48

45 − 47

34 − 49

42 − 50

33 − 50

46 − 49

40 − 48

49 − 51

43 − 50

49 − 50

33 − 49

49 − 52

40 − 42

≅ 50

−

−

−

Cr2O3

0.05 − 0.40

0.00 − 0.80

0.05 − 0.25

0.00 − 1.00

0.20 − 1.40

0.10 − 1.10

0.60 − 1.40

0.50 − 1.00

1.00 − 1.40

0.50 − 1.20

≅ 1.20

0.60 − 1.40

< 0.10

< 0.60

≅ 0.00

−

−

−

Al203

1.00 − 4.00

1.50 − 2.50

2.00 − 2.50

0.50 − 2.50

2.00 − 2.50

0.50 − 2.50

1.75 − 2.75

1.00 − 2.75

3.50 − 4.00

3.50 − 4.00

2.50 − 3.00

1.00 − 3.50

< 0.75

1.50 − 2.50

< 0.25

−

−

−

TiO2

0.05 − 0.50

0.20 − 0.70

< 0.10

< 0.15

0.25 − 0.35

< 0.30

< 0.30

< 0.10

< 0.10

0.15 − 0.50

≅ 0.25

< 0.20

< 0.15

0.50 − 0.70

≅ 0.00

−

−

−

Na2O

0.10 − 0.30

0.20 − 0.30

0.20 − 0.30

< 0.20

< 0.10

< 0.20

0.10 − 0.25

< 0.10

< 0.05

0.15 − 0.30

0.10 − 0.20

< 0.20

< 0.10

0.20 − 0.35

≅ 0.10

−

−

−

Xmg

60 − 70

≅ 100

65 − 75

65 − 85

25 − 80

05 − 70

−

−

−

−

−

−

−

−

−

−

−

−

(Na+K)A

0.55 − 0.70

0.00 − 0.70

0.30 − 0.60

0.00 − 0.10

0.00 − 0.70

0.10 − 0.50

−

−

−

−

−

−

−

−

−

−

−

−

8-Si

1.50 − 1.90

0.00 − 1.50

1.55 − 1.80

0.50 − 0.75

0.30 − 1.75

1.00 − 1.75

−

−

−

−

−

−

−

−

−

−

−

−

Xmg*

0.70 − 0.80

> 0.95

0.80 − 0.95

0.80 − 0.90

0.55 − 1.00

0.10 − 0.80

−

−

−

−

−

−

−

−

−

−

−

−Gabbros 

Gabbros à Amphibole

Webstérites à Plagioclase

Webstérites

Webstérites à Olivine

Clinopyroxénites

Clinopyroxénites à Olivine

Orthopyroxénites

Orthopyroxénites à Olivine

Werhlites

Werhlites à Plagioclase

Rubanements de pyroxènes

Diorites et Granodiorites

≅ 92 ≅ 48 0.60 − 0.80 2.50 − 2.90 ≅ 0.70 ≅ 0.35 − −−−Dunites à Plagioclase

87 − 91 34 − 48 0.80 − 1.40 2.50 − 2.50 0.10 − 0.25 0.20 − 0.40 80 − 90 0.40 − 0.651.60 − 1.750.90 − 1.00Dunites à Plagioclase et Pyroxène

≅ 90 36 − 38 1.10 − 1.30 2.00 − 3.00 0.10 − 0.40 0.20 − 0.45 − −−−Harzburgites à Plagioclase

88 − 92 37 − 47 0.40 − 1.40 2.00 − 3.00 0.40 − 0.70 0.15 − 0.25 − −−−Harzburgites à Plagioclase et Pyroxène

88 − 93 34 − 49 0.60 − 1.00 2.00 − 3.00 0.10 − 0.40 0.10 − 0.40 80 − 90 0.30 − 0.901.30 − 1.800.90 − 1.00Troctolites 

80 − 90 32 − 50 0.60 − 1.40 2.00 − 4.00 0.05 − 0.40 0.15 − 0.40 80 − 90 0.45 − 0.751.40 − 2.000.90 − 0.98Troctolites à Clinopyroxène

80 − 90 38 − 52 0.00 − 1.10 1.80 − 3.50 0.00 − 0.80 0.20 − 0.50 75 − 92 1.25 − 2.000.40 − 0.800.80 − 1.00Gabbros à Olivine 

80 − 87 45 − 48 0.20 − 0.50 1.80 − 3.50 0.30 − 1.10 0.25 − 0.50 70 − 85 1.40 − 1.800.45 − 0.700.80 − 0.90Gabbros à Olivine et Amphibole

80 − 85 42 − 48 0.20 − 1.00 2.00 − 3.00 0.05 − 1.00 ≅ 0.50 ≅ 85 1.50 − 1.800.45 − 0.600.85 − 0.90Gabbros à Olivine riches en Opaques

77 − 90 34 − 49 0.00 − 1.10 2.00 − 3.00 0.00 − 1.20 0.10 − 0.40 80 − 90 1.15 − 1.750.30 − 0.600.85 − 0.95Gabbros à Olivine et Orthopyroxène

77 − 87 46 − 48 0.05 − 0.80 2.00 − 3.00 0.15 − 0.75 0.30 − 0.45 75 − 85 1.50 − 1.800.50 − 0.700.75 − 0.90
Gabbros à Olivine, Orthopyroxène et 

Amphibole

80 − 90 34 − 48 0.40 − 0.80 2.00 − 3.00 0.15 − 0.40 0.10 − 0.20 − −−−Gabbronorites à Olivine

70 − 90 34 − 50 0.00 − 0.60 1.00 − 3.00 0.00 − 0.50 0.05 − 0.30 50 − 92 0.00 − 0.700.25 − 1.600.75 − 1.00Gabbronorites 

75 − 85 46 − 48 0.00 − 0.40 0.50 − 2.50 0.00 − 0.40 0.10 − 0.30 50 − 85 0.10 − 0.600.50 − 1.750.70 − 0.98Gabbronorites à Amphibole

≅ 90 42 − 46 ≅ 0.40 0.50 − 2.00 0.10 − 0.20 0.05 − 0.20 30 − 65 0.05 − 0.301.00 − 1.100.50 − 0.70Gabbronorites riches en Opaques

− − − − − − 60 − 75 0.00 − 0.300.10 − 1.500.65 − 0.95Norites 

− − − − − − 60 − 70 0.20 − 0.601.00 − 1.600.75 − 0.95Norites riches en Amphiboles

− − − − − − 60 − 70 0.00 − 0.100.75 − 1.000.80 − 0.85Norites riches en Amphiboles et en Opaques

Trondhjémites et Tonalites

Plagioclasites
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VNºRZAb¤i�Vy�'Y[ZAw[w[df_Rc X'ZG`aZAififZGw[_RY¸`aZ$e+g'Z$�3_Rg'YIg'c'ZJbA_Rc'bAZAc=`aYaV<`adf_Rc X'_Rc'ch^ZAZ$ZAc VCifg'nydfc'dfg'n¹X-VCc'w�ifZ
ifdfe+g'dfX'Z�05ifZWbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZKVCX'nyZ�`�X?j VNºCVCc=`zVC\RZWX'ZKbAZ�`J^ZAi�^ZAnyZAc=`�X-VCc'w�waVIw¸`aY[g'b�`ag'Y[Z~e+g-VCc'X$i�Vv�'Y[ZAwM�
w[df_Rc�VCg'\RnyZAc=`aZ � �+`a_Rif�3ZAY 0�P-�R|R� ��²Ig'X-V!VCc'X��#bz�'nydfc'b)&CZ�0WP-�R|=»�� ��VC�'_#_#X�VCc'X WVCb)&CZAY 0WP-�R|����´Q
ThZAwvX'ZAg#µ�VCY[\Rg'nyZAc=`awxny_Rc=`aY[ZAc=`xX'_Rc'bqe+g'ZqX'ZAwvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwxbAY[dfw¸`zVCififdfwaVCc=`G¡V¤�-VCg�`aZq�'Y[ZAw[w[df_Rc
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wAj VC�'�-VCY[ZAc=`aZy¡VqbAZAifg'd3_R�'w[ZAY¸º¨^ZIX-VCc'whifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw 0+ifZxi�^ZA\RZAY�ZAc'Y[dfbz�'dfw[w[ZAnyZAc=`WZAco`adS`zVCc'ZxZ�`Ww[_<�
X'dfg'n�Z�`�ikj VC�'�-VCg�º#Y[dfw[w[ZAnyZAc=`¨ZAcybz�'Y[_RnyZKX-VCc'w¨X'ZAw¨\=VC�'�'Y[_Rc'_RY[dS`aZAw��-VCY�YaVC�'�3_RY¸`�VCg#µ¤�=�#Y[_Nµ�^ZAc'dS`aZAw
wAj Z´µ��'ifdfe+g'ZAc=`GVCw[w[ZA±y�'dfZAc �-VCY�i�V8X'dS¿x^ZAY[ZAc'bAd�V<`adf_Rc!X?j g'c�noVC\RnoVoX'Z$bA_Rny�3_Rw[dS`adf_Rc!�'ifg'w�w[dfifdfbAZAg'w[Z�0
X'Z$`¾�#�3Zye+g-VCY¸`a±A_<� `a�'_Ri�^ZAdfdS`adfe+g'ZqºR_RdfY[ZyVCc'Xh^ZAw[dS`adfe+g'Z¤Z�`qXh^ZA�'Y[dfn�^ZAZ$ZAc�bAZAY¸`zVCdfc'w{^ZAi�^ZAnyZAc=`aw]nydfc'ZAg'Y[w
�¥`adS`zVCc'Z�0/w[_#X'dfg'n 0?noVCc'\=VCc?¡ZAw[Z � 0"ifZAw]�'Y[ZAnydfZAY[wqw¸`zVCX'ZAwqX'ZyX'dS¿x^ZAY[ZAc'bAd�V<`adf_Rc ^Z�`zVCc=`�¡V�ikj _RY[df\Rdfc'ZGX'ZAw
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Y#^ZA�-VCY¸`adfw[w[ZAc=`v�-VCwxVCi�^ZNV<`a_RdfY[ZAnyZAc=`KX-VCc'wxikj ZAw[�-VCbAZ�¥�-\Rg'Y[Z¤PRQSP���� 0-ifZAwKbNVCY¸`aZAwx�'Y#^ZAw[ZAc=`�^ZAZAwIZAc��-\Rg'Y[ZAw
��Q � � 03��Qm»C� 0¶��Qm»#P�03��Qm»Rs70¶��Qm»C�yZ�`���Qm»<�ony_Rc=`aY[ZAc=`Ii�V¤��V��bA_Rc!X'_Rc=`IbAZAwv��VCbAdk¡ZAwvw[ZGX'dfw¸`aY[df�'g'ZAc=`Iw[g'YIi�V
w[g'Y¸��VCbAZvX'Zvikj _R�'�'df_RifdS`aZCQ"�#g'Y�ifZAwhbNVCY¸`aZAwh�'Y#^ZAw[ZAc=`�^ZAZAwKZAco�-\Rg'Y[ZAwK��Qm»R»�Z�`K��Qm»��qifZAwy^ZAbz�-VCc=`adfifif_Rc'w¨w[_Rc=`
Y[ZA\RY[_Rg'�h^ZAw]�-VCYI\RYaVCc'X'ZAwI��VCnydfififZAwxX'ZJ��VCbAdk¡ZAwIZ�`]ifZAw�±A_Rc'ZAw�_/¡g{_Rc=`{^Z�`�^Z$Y#^ZAbA_RiS`�^ZAZAw��'Y[dfc'bAdf�-VCifZAnyZAc=`
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Dunites à Plagioclase et Pyroxène

Dunites à Plagioclase

Harzburgites à Plagioclase et Pyroxène

Harzburgites à Plagioclase

Troctolites

Troctolites à Clinopyroxène
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�$	���� ��Qm»C� �JTWVCY¸`aZW\)^ZA_Rif_R\Rdfe+g'Z�\)^ZAch^ZAYaVCifZhX'ZWikj _R�'�'df_RifdS`aZ�X?jmlInoVCcG_/¡gJw[_Rc=`��'i�VCb3^ZAw)ifZAwG^ZAbz�-VCc=`adfifif_Rc'w
X'Z�`aY[_#b�`a_RifdS`aZ �x`aY[_#b�`a_RifdS`aZAw!VCgpw[ZAc'w w¸`aY[dfb�`{_Rg�¡V bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'Z�Z�`!��VCbAdk¡ZAw{X?j dfny�'Y#^ZA\Rc-V<`adf_Rc?Q
}/ZAw�bA_Rc=`a_Rg'Y[w�\)^ZA_Rif_R\Rdfe+g'ZAw�X'ZAw[w[dfch^ZAw�_Rc=`�^Z�`�^Z�X'df\RdS`zVCifdfw#^ZAw ¡V��-VCY¸`adfY8X'ZAw�bNVCY¸`aZAw�X'g vQ /]Qmt$Q ��Q
VCg�sR»C�¨�R�R��������AQ

ifZAw]Y[_#bz�'ZAwGVC�'�-VCY¸`aZAc-VCc=`�¡V�bz�-VCe+g'Zy��VCnydfififZG_Rc=` ^Z�`�^Zyw[g'Y[ifdf\Rch^ZAZAw]�-VCY�X'ZAwq�-VCbz�+g'Y[ZAwJX'Z¤bA_Rg'ifZAg'Y[w
X'dS¿x^ZAY[ZAc=`aZAwAQ
}/ZAw¨`aY[_#b�`a_RifdS`aZAw�ZAco�-VCY¸`adfbAg'ifdfZAY�VC�'�-VCYaVCdfw[w[ZAc=`hX-VCc'w�X'ZAw�±A_Rc'ZAw�`aYA¡ZAw�if_#bNVCifdfw#^ZAZAw�X'Z~ikj _R�'�'df_RifdS`aZv�

ZAc��'Y[ZAnydfZAYGifdfZAg�VCg�b  ]g'Y$X'g�X'd�VC�'dfYqX'Z ��VCe+waVCX0��'g'dfwJX-VCc'w$ifZAwJ�'Y[_Rif_Rc'\RZAnyZAc=`awGc'_RY[X#�¾_Rg'ZAw¸`
Z�`Iw[g'X#�¾ZAw¸`IX'ZGi�Vy±A_Rc'ZGX'd�VC�'dfY[dfe+g'Z�X-VCc'wIifZAwxnoVCw[w[dS�*wxX'Z �vV &+�'i�Z�` ��VCnoVCX �¥ºR_RdfY~�-\Rg'Y[ZAwI��Qm»C�yZ�`
�GQ � 0:�GQSP�� 0 �GQSPRPyX-VCc'wqikj VCc'c'Z´µ�Z �����"ZAc'w[g'dS`aZ�0"bAZAwGifdS`a�'_Rif_R\RdfZAwxw[ZobA_Rc'bAZAc=`aY[ZAc=`Jw[g'Yqg'c'Zy�3Z�`adS`aZ
w[g'Y¸��VCbAZJX'g{noVCw[w[dS��X'Z$°xdfiS`ad"VCg!c'_RY[X �¥�-\Rg'Y[ZAw���Qm»C� 0*�GQmsoX'ZGikj VCc'c'Z´µ�Z �����¶Z�`v�-c-VCifZAnyZAc=`(03ZAififZAw
VC�'�-VCYaVCdfw[w[ZAc=`GVCbAbAZAw[w[_RdfY[ZAnyZAc=`qX-VCc'w�bAZAY¸`zVCdfc'ZAw]±A_Rc'ZAw]X'ZAw]noVCw[w[dS�*w�X'Z ��g'w[df�'dS`(0?X'Z �]VC� %WVCX�Z�`
X'g ��VCX'd �¾¯)VN�#dfc?Q/��ifg'w]�-VCY¸`adfbAg'ifdk¡ZAY[ZAnyZAc=`(0?ifZAw�`aY[_#b�`a_RifdS`aZAwIZAc ��w[dfifi 
��'Y#^ZAw[ZAc=`zVCc=`JX'ZAw]`aZ´µ#`ag'Y[ZAw
X'ZoY[ZAbAg'dS`awJc?j VC�'�-VCYaVCdfw[w[ZAc=`$e+g'ZoX-VCc'wJifZyb  ]g'YJX'g�noVCw[w[dS�KX'Z ��VCe+waVCX?Q�}�j VC�3_Rc'X-VCc'bAZoY[ZAi�V<`adSºRZ
X'ZAwG�-if_Rc'wGX'Zo`aY[_#b�`a_RifdS`aZAw]ZAw¸`$�'ifg'wq�*_RY¸`aZ8VCg�bAZAc=`aY[Z�X'g�X'd�VC�'dfYqX'Z ��VCe+waVCX�Z�`JX-VCc'wJifZonoVCw[w[dS�
X'Z�°xdfiS`ad�e+g'Z�X-VCc'w$ifZAw¤VCg�`aY[ZAw$±A_Rc'ZAw¤Z�`$ZAififZAwJw[ZAnJ�'ifZAc=`¤Y[ZAi�V<`adSºRZAnyZAc=`$X'dfw[�3ZAY[w#^ZAZAw¤if_RY[w[e+g?j ZAififZAw
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Gabbros à Olivine 

Gabbros à Olivine et Amphibole

Gabbros à Olivine riches en Opaques

Gabbros à Olivine et Orthopyroxène

Gabbros à Olivine, Orthopyroxène et Amphibole
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�$	���� ��Qm»#P �JTWVCY¸`aZW\)^ZA_Rif_R\Rdfe+g'Z�\)^ZAch^ZAYaVCifZhX'ZWikj _R�'�'df_RifdS`aZ�X?jmlInoVCcG_/¡gJw[_Rc=`��'i�VCb3^ZAw)ifZAwG^ZAbz�-VCc=`adfifif_Rc'w
X'Zv\=VC�'�'Y[_�¡Vq_RifdSº#dfc'Z]�+\=VC�'�'Y[_Rw]¡Vq_RifdSº#dfc'Z~Z�`W\=VC�'�'Y[_Rc'_RY[dS`aZAwI¡VG_RifdSº#dfc'ZKX'_Rc=`Wikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'ZIZAw¸`
`zVCY[X'dS�MQ5}/ZAw)bA_Rc=`a_Rg'Y[w)\)^ZA_Rif_R\Rdfe+g'ZAw"X'ZAw[w[dfch^ZAw)_Rc=`G^Z�`�^Z�X'df\RdS`zVCifdfw#^ZAwh¡V~�-VCY¸`adfY"X'ZAw)bNVCY¸`aZAw)X'g vQ /]Qmt$Q ��Q
VCg�sR»C�¨�R�R��������AQ

w[_Rc=`�^ZAif_Rdf\Rch^ZAZAwqX'g�X'd�VC�'dfYAQ �xc ^ZAbz�-VCc=`adfifif_Rc:dfw[_Ri�^Z8V�^Z�`�^Z8Y#^ZAbA_RiS`�^Z8X-VCc'wJifZonoVCw[w[dS�KX'Z ��VCYaVCnyd¨Z�`
bAZ�`�^ZAbz�-VCc=`adfifif_Rc8nydfwq¡VJ�-VCY¸`(0'ikj ZAc'w[ZAnJ�'ifZ�X'ZAwKY#^ZA\Rdf_Rc'wK_/¡g�V<¬yZAg'Y[ZAc=`xifZAwh`aY[_#b�`a_RifdS`aZAwWc'Z�bA_Rg�º#Y[ZAc=`
�-VCwq�'ifg'wqX'Z�P��+
 X'Zyi�V�w[g'Y¸��VCbAZy`a_C`zVCifZ¤X'Zoikj _R�'�'df_RifdS`aZ �¥�-\Rg'Y[ZAwJ��Qm»R»�Z�`J��Qm»�� � ��� �´Q"}/ZAwGbNVCY¸`aZAw
X'ZoY#^ZA�-VCY¸`adS`adf_Rc X'ZAwJifdS`a�'_Rif_R\RdfZAw �¥�-\Rg'Y[ZAwJ��Qm»C� 0���Qm»R»�Z�`$��Qm»�����ny_Rc=`aY[ZAc=`Ge+g?j dfi�Z´µ�dfw¸`aZoX'Z¤ºCVCw¸`aZAw
±A_Rc'ZAw 0�X'Zye+g'ZAife+g'ZAwGbAZAc=`zVCdfc'ZAwGX'Z &+dfif_Rn�¡Z�`aY[ZAw]X?j _/¡g�ifZAw�`aY[_#b�`a_RifdS`aZAw]w[_Rc=`q`a_C`zVCifZAnyZAc=`qVC�'w[ZAc=`aZAw
ny_Rc=`aYaVCc=`Ie+g'Z$ifZAwvnoVC\RnoVCwxbz�-VCg'X'w�c?j _Rc=`�bAdfY[bAg'i�^ZGe+g'Z$X-VCc'wIbAZAY¸`zVCdfc'ZAwI±A_Rc'ZAw��-VCY¸`adfbAg'ifdk¡ZAY[ZAwxX'Z
ikj _R�'�'df_RifdS`aZCQ
}/ZAw~\=VC�'�'Y[_RwG¡V$_RifdSº#dfc'Zvw[Z]if_#bNVCifdfw[ZAc=`WZAw[w[ZAc=`adfZAififZAnyZAc=`~X-VCc'wKX'ZAw~±A_Rc'ZAw~�'Y[_#bz�'ZAw~X'Z]bAZAififZAwK_/¡g

w[Z�`aY[_Rg�ºRZAc=`oifZAw$`aY[_#b�`a_RifdS`aZAw �¥�-\Rg'Y[ZAwo��Qm»#P�0���Qm»R»70���Qm»�� � ���oZ�`ybNVCY¸`aZAw¤ZAc�VCc'c'Z´µ�Z ��� 0�e+g'ZAife+g'ZAw
�3_Rdfc=`awydfw[_Ri�^ZAwoVC�'�-VCYaVCdfw[w[ZAc=`oZAc �3_RY[X'g'Y[Z�X'ZAwonoVCw[w[dS�*wyX'Z3+)df±A�0¨°vVN�#i�VN�#c Z�`8½¾�'YaV�_/¡g�VCg'bAg'c'Z
`aY[_#b�`a_RifdS`aZ�c?j V ^Z�`�^Z!Y[ZAifZ�º¨^ZAZCQ ��^ZNVCc'ny_Rdfc'w 0�i�V:noV��[ZAg'Y[Z{�-VCY¸`adfZ�X'Z{bAZAw ^ZAbz�-VCc=`adfifif_Rc'wow[Z{w[dS`ag'ZAc=`
X-VCc'wKifZAwKnoVCw[w[dS�*whX'Z]°xdfiS`ad 0��vV &+�'i 0*�#g'noV�j dfi 0 ��VCnoVCX07��VCX'd �¾¯)VN�#dfc8Z�` �]VC� %WVCX�Z�`xVC�'�-VCYaVCdfw[w[ZAc=`
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Gabbronorites à Olivine

Gabbronorites

Gabbronorites à Amphibole

Gabbronorites riches en Opaques

Norites

Norites riches en Amphiboles

Norites riches en Amphiboles et en Opaques
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�$	���� ��Qm»Rs �JTWVCY¸`aZW\)^ZA_Rif_R\Rdfe+g'Z�\)^ZAch^ZAYaVCifZhX'ZWikj _R�'�'df_RifdS`aZ�X?jmlInoVCcG_/¡gJw[_Rc=`��'i�VCb3^ZAw)ifZAwG^ZAbz�-VCc=`adfifif_Rc'w
X'ZI\=VC�'�'Y[_Rc'_RY[dS`aZq�#\=VC�'�'Y[_Rc'_RY[dS`aZAwhZ�`Wc'_RY[dS`aZAwAQ�}/ZAwWbA_Rc=`a_Rg'Y[wW\)^ZA_Rif_R\Rdfe+g'ZAwhX'ZAw[w[dfch^ZAwK_Rc=`o^Z�`�^ZIX'df\Rd �
`zVCifdfw#^ZAwG¡V$�-VCY¸`adfYWX'ZAwxbNVCY¸`aZAw~X'g vQ /]Qmt$Q ��Q§VCg�sR»C�¨�R�R��������AQ

VCw[w[_#bAd�^ZAZAwKVCg#µo±A_Rc'ZAwWX?j V<¬yZAg'Y[ZAnyZAc=`KX'ZAw�`aY[_#b�`a_RifdS`aZAwAQ#}/ZAwhifdS`a�'_Rif_R\RdfZAw¨VC�'�-VCY¸`aZAc-VCc=`q¡Vqi�V]��VCnydfififZ
X'ZAw]\=VC�'�'Y[_Rwo¡V8_RifdSº#dfc'ZGw[Z$Y#^ZA�-VCY¸`adfw[w[ZAc=`qw[g'Y�X'ZAw]X'_RnoVCdfc'ZAwI�'ifg'w�i�VCY[\RZAwIe+g'Z$bAZAg#µ�_#bAbAg'�h^ZAw]�-VCY
ifZAwy^ZAbz�-VCc=`adfifif_Rc'w�X'ZIi�V]��VCnydfififZWX'ZAwh`aY[_#b�`a_RifdS`aZAw 0+ikj ZAc'w[ZAnJ�'ifZvX'ZAwKVCdfY[ZAwh_/¡goZAififZAwhV<¬yZAg'Y[ZAc=`KbA_Rg�º#Y[Z
VC�'�'Y[_Nµ�dfnoV<`adSºRZAnyZAc=`]P5» 
�¡VosR» 
�X'Z]i�VJw[g'Y¸��VCbAZ]X'Zqikj _R�'�'df_RifdS`aZCQ
}/ZAw"\=VC�'�'Y[_Rc'_RY[dS`aZAw/VC�'�-VCYaVCdfw[w[ZAc=`/`aYA¡ZAw/X'dfw[�3ZAY[w#^ZAZAw�w[g'Y/i�VWw[g'Y¸��VCbAZ�`a_C`zVCifZ�X'Z�ikj _R�'�'df_RifdS`aZ"X?jmlInoVCc0

ZAififZAwxw[_Rc=`I�'Y#^ZAw[ZAc=`aZAw�X-VCc'wx`a_Rg'wxifZAwvnoVCw[w[dS�*w~Z�`(03w[g'YvifZAwxbNVCY¸`aZAwvX'ZAwv�-\Rg'Y[ZAwI��Qm»Rs¤Z�`I��Qm»�� ��
�� 0§ifZAw
±A_Rc'ZAwIX?j _/¡g�ZAififZAwxw[_Rc=`I`a_C`zVCifZAnyZAc=`vVC�'w[ZAc=`aZAw�w[_Rc=`IZAc���VCdS`xbAZAififZAwx_/¡g!VCg'bAg'c�^ZAbz�-VCc=`adfifif_Rc�c?j V ^Z�`�^Z
�'Y#^ZAifZ�º¨^ZCQ�²�VCc'w�ifZxXh^Z�`zVCdfi§ch^ZNVCc'ny_Rdfc'w 0=i�V]X'ZAc'w[dS`�^ZvX'ZvbAZAwhifdS`a�'_Rif_R\RdfZAw�ZAw¸`h`aYA¡ZAw���VCdf�'ifZ~X-VCc'whifZ~b  ]g'Y
X'g8X'd�VC�'dfY¨X'Z���VCe+waVCX�Z�`WX-VCc'whifZAw�±A_Rc'ZAwW�'Y[_#bz�'ZAwhX'ZAwWY#^ZA\Rdf_Rc'w�Y[dfbz�'ZAwhZAco`aY[_#b�`a_RifdS`aZAw¨Z�`h\=VC�'�'Y[_Rw
¡V _RifdSº#dfc'Z�0�ZAififZ�ZAw¸`o�-VCYyVCdfififZAg'Y[w$�-VCY¸`adfbAg'ifdk¡ZAY[ZAnyZAc=`$�*_RY¸`aZ�ZAc��h^ZAY[df�'�h^ZAY[dfZ�X'Z�bAZAwy±A_Rc'ZAwAQ��#g'YyifZ
`aZAY[YaVCdfc0+ZAififZAwhVC�'�-VCYaVCdfw[w[ZAc=`W\)^ZA_R\RYaVC�'�'dfe+g'ZAnyZAc=`WVCw[w[_#bAd�^ZAZAwKVCg#µo�=�#Y[_Nµ�^ZAc'dS`aZAwWZ�`Wdfi§c?j ZAw¸`K�-VCwhYaVCY[Z
X'Zx`aY[_Rg�ºRZAYWbAZAwWX'ZAg#µ8`¾�#�3ZAwWifdS`a�'_Rif_R\Rdfe+g'ZAw�w[g'YWg'c8n 9ZAnyZvV<¬yZAg'Y[ZAnyZAc=`(0�bAZIY#^ZAw[g'iS`zV<`Ww[ZvbA_Rc��-Y[nyZ
w[g'Y�ifZAw�bNVCY¸`aZAw�X'ZWikjmlInoVCcG_/¡gJifZAw��=�#Y[_Nµ�^ZAc'dS`aZAw�w[_Rc=`�`a_Rg�`�VCg'w[w[d'X'dfw[�3ZAY[w#^ZAZAw¨e+g'ZWifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw
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Webstérites à Plagioclase

Webstérites 

Webstérites à Olivine

Clinopyroxénites

Clinopyroxénites à Olivine

Orthopyroxénites

Orthopyroxénites à Olivine

Pyroxénites sous forme de rubanement

Werhlites

Werhlites à Plagioclase
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Lithologies crustales

�$	���� ��Qm»C� �JTWVCY¸`aZW\)^ZA_Rif_R\Rdfe+g'Z�\)^ZAch^ZAYaVCifZhX'ZWikj _R�'�'df_RifdS`aZ�X?jmlInoVCcG_/¡gJw[_Rc=`��'i�VCb3^ZAw)ifZAwG^ZAbz�-VCc=`adfifif_Rc'w
X'Z��=�#Y[_Nµ�^ZAc'dS`aZ¤�'bAifdfc'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0'_RY¸`a�'_R�=�#Y[_Nµ�^ZAc'dS`aZAw 0 %hZA�'w¸`�^ZAY[dS`aZAw~Z�`�%hZAY[�'ifdS`aZAwKw[_Rg'wW�*_RY[nyZIX'Z
�-if_Rc'wh_Rg8X'ZvY[g'�-VCc'ZAnyZAc=`NQ'}/ZAwWbA_Rc=`a_Rg'Y[wW\)^ZA_Rif_R\Rdfe+g'ZAwhX'ZAw[w[dfch^ZAwW_Rc=`8^Z�`�^ZvX'df\RdS`zVCifdfw#^ZAwI¡VG�-VCY¸`adfY�X'ZAw
bNVCY¸`aZAw~X'g vQ /]Qmt$Q ��Q§VCg�sR»C�¨�R�R��������AQ

Z�`xw[_Rc=`ve+g-VCw[dfnyZAc=`vVC�'w[ZAc=`aZAwvX'Zqi�V$±A_Rc'ZqX'd�VC�'dfY[dfe+g'ZIX'Z ��VCe+waVCX!VCdfc'w[d/e+g'ZqX'ZAwvVCg�`aY[ZAwx±A_Rc'ZAw$¡V
`aY[_#b�`a_RifdS`aZCQ+²�VCc'w�bAZAwWX'ZAY[c'dk¡ZAY[ZAwWY#^ZA\Rdf_Rc'w 0+ifZAw�YaVCY[ZAwW�=�#Y[_Nµ�^ZAc'dS`aZAwo^ZAbz�-VCc=`adfifif_Rc'ch^ZAZAwWV<¬yZAg'Y[ZAc=`Kw[_Rg'w
�*_RY[nyZxX'ZvY[g'�-VCc'ZAnyZAc=`NQ'��c�X'ZA�'_RY[whX'ZIbAZAwWY#^ZA\Rdf_Rc'w 0+i�VqX'ZAc'w[dS`�^ZIX'Zv�=�#Y[_Nµ�^ZAc'dS`aZAw~VC�'�-VCYaV-9<S`�\Rif_R�-V5�
ifZAnyZAc=`)�'_Rny_R\'¡ZAc'Z�w[g'Y)ikjmlInoVCcqbAZhe+g'd+��VCdS`�X'ZWbAZ�`¾�#�3ZhifdS`a�'_Rif_R\Rdfe+g'Z�ifZ¨`¾�#�3ZWifZ��'ifg'w�bA_Rg'YaVCnynyZAc=`
Y[ZAc'bA_Rc=`aY#^Z8X-VCc'wJi�V�w[ZAb�`adf_Rc�noVCc=`aZAifi�VCdfY[Z$X'ZoikjmlInoVCc?Q�}/ZAwG\=VC�'�'Y[_Rc'_RY[dS`aZAwGZ�`J�=�#Y[_Nµ�^ZAc'dS`aZAw$w[_Rc=`
w[d$^Z�`aY[_RdS`aZAnyZAc=`]VCw[w[_#bAd�^ZAZAwqw[g'Y]ifZJ`aZAY[YaVCdfc e+g?j dfi�ZAw¸`qX'd�ybAdfifZ$X'Z¤w#^ZA�-VCY[ZAYqX'ZAg#µ ±A_Rc'ZAwqX'dfw¸`adfc'b�`aZAw 0
g'c'Z$_/¡g!ifZAwI\=VC�'�'Y[_Rc'_RY[dS`aZAwIw[ZAYaVCdfZAc=`]i�Vy��VCnydfififZ]ifdS`a�'_Rif_R\Rdfe+g'Z]�'Y[dfc'bAdf�-VCifZqZ�`]ikj VCg�`aY[ZJ_/¡g!ifZG��VCbAdk¡ZAw
X'_Rnydfc-VCc=`�w[ZAYaVCdS`]ifZAw��=�#Y[_Nµ�^ZAc'dS`aZAw 0�X-VCc'w]e+g'ZAife+g'ZAwqYaVCY[ZAw�w[ZAb�`aZAg'Y[wGX'Z$��VCdf�'ifZAwIw[g'Y¸��VCbAZAwqX'ZAw]�=�=�
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ny_Rdfc'w~»C� 
�X'Z]bAZ�`[`aZqw[g'Y¸��VCbAZCQ
}"V�±A_Rc'Z{¡V�`aY[_#b�`a_RifdS`aZ$Z�`G\=VC�'�'Y[_�¡V�_RifdSº#dfc'ZJX'g:X'd�VC�'dfY�X'Z ��VCe+waVCX:w[Zo�'Y[_Rif_Rc'\RZ¤X'_Rc'by�'dfZAc
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VC�'�-VCY¸`aZAc-VCc=`�VCg#µ ��VCbAdk¡ZAwoifZAwony_Rdfc'wybA_RnynJg'c'w��hVCny�'�'df�3_Rif_RifdS`aZAw 0)X'd�VC�-VCw[ZAw 0hX'df_RY[dS`aZAw 0¨\RYaVCc'_<�
X'df_RY[dS`aZAw 0C�'i�VC\Rdf_#bAi�VCw[dS`aZAw 05\RYaVCc'dS`aw�Z�`���VCbAdk¡ZAw��=�#X'Y[_C`a�'ZAY[noVCg#µ¶Q+}/ZAw�bA_Rc=`a_Rg'Y[w¨\)^ZA_Rif_R\Rdfe+g'ZAw�X'ZAw[w[dfch^ZAw
_Rc=`�^Z�`�^Z]X'df\RdS`zVCifdfw#^ZAw]¡V$�-VCY¸`adfYWX'ZAwxbNVCY¸`aZAw~X'g vQ /]Qmt$Q ��Q§VCg�sR»C�¨�R�R��������AQ

VCg!c'_RY[X#�¾_Rg'ZAw¸`�Z�`]VCg{w[g'X#�¾ZAw¸`�X'g{noVCw[w[dS�¨X'Z �#g'noV�j dfi"X-VCc'wIg'c'ZJX'dfY[ZAb�`adf_Rc!�-VCYaVCifik¡ZAifZ8¡VobAZAififZGX'g
bA_Rny�'ifZ´µ�Z��-if_Rc'dfZAc��'ikj ZAc'w[ZAnJ�'ifZ]X'ZAwx±A_Rc'ZAwxY[dfbz�'ZAw~ZAc�`aY[_#b�`a_RifdS`aZAwKVCg�`a_Rg'Y~X'Z]i�V$Y#^ZA\Rdf_Rc�X'Z ��VCeR�
waVCX8X'ZAw[w[dfc'Z]VCdfc'w[d§g'c'ZIifZAc=`adfififZ~X?j _RY[dfZAc=`zV<`adf_Rcyny_��RZAc'c'Z  P��R�qwAjM^Z�`aZAc'X-VCc=`~w[g'YWg'c'ZvbAZAc=`zVCdfc'ZIX'Z
&+dfif_Rn�¡Z�`aY[ZAw 0'i�VJX'dfw[�3_Rw[dS`adf_Rc�VCb�`ag'ZAififZ�X'ZAwK�-if_Rc'w~Y[Z -/¡Z�`aZqifZ�Xh^Z�ºRZAif_R�'�3ZAnyZAc=`xX?j g'c�bA_Rg'YaVCc=`vVCw[bAZAc#�
X-VCc=`InoVCc=`aZAifi�VCdfY[Z8¡Voikj VC�'if_RnJ��X?j g'c'ZJ±A_Rc'ZJX'ZJX'd�VC�'dfY[dfw[nyZCQ§}/ZAwve+g'ZAife+g'ZAw!^ZAbz�-VCc=`adfifif_Rc'wxY#^ZAbA_RiS`�^ZAw
X-VCc'w]ifZAw�noVCw[w[dS�*wIX'Z ��g'w[df�'dS`(0 �]VC� %WVCX Z�` ��VCX'd �¾¯)VN�#dfc{ny_Rc=`aY[ZAc=`{^ZA\=VCifZAnyZAc=`]g'c�VCifdf\Rc'ZAnyZAc=`
X-VCc'w$g'c'Z�X'dfY[ZAb�`adf_Rc��-VCYaVCifik¡ZAifZye+g'dK�3_Rg'Y[YaVCdS`�9Z�`aY[Z�w[df\Rc'dS�-bNV<`adS�~X?j g'c�waVCg�`¤X'Z�X'_RY[waVCifZ
��X-VCc'w$ifZ
noVCw[w[dS�¨X'Z¤°xdfiS`ad 0§g'c'Z$Y#^ZA�-VCY¸`adS`adf_Rc!bA_Rc'bAZAc=`aY[dfe+g'Z¤X'ZAwI�-if_Rc'wIw[dfnydfi�VCdfY[Z8¡V8bAZAififZG_R�'w[ZAY¸º¨^ZAZyX-VCc'w�i�V
±A_Rc'Z�X'Z ��VCe+waVCX�`�^ZAny_Rdf\Rc'Z�X'Z�i�V{�'Y#^ZAw[ZAc'bAZ�X?j g'c'Z�±A_Rc'Z�X?j VCifdfnyZAc=`zV<`adf_Rc:ZAc�`a�'_Ri�^ZAdfdS`aZAw�¡V{bAZ�`
ZAc'X'Y[_RdS`(0§i�V¤��VCdf�'ifZ]Z´µ#`aZAc'w[df_Rc{i�V<`�^ZAYaVCifZ]X'g{X'_RnoVCdfc'Z]X'ZAwv`aY[_#b�`a_RifdS`aZAw~X'Z$°xdfiS`ad/�3_Rg'Y[YaVCdS`	9Z�`aY[ZJifd�^ZAZ
¡Vqg'co��VCdf�'ifZKXh^Z�ºRZAif_R�'�3ZAnyZAc=`WX'g8bA_Rg'YaVCc=`KVCw[bAZAc'X-VCc=`~VCw[w[_#bAd�^Zxe+g'd3wAj _R�'�3_Rw[Z¤¡Vqi�V �¨noV<`ag'Y[dS`�^Z 
GX'Z
bAZAifg'dv^Z�`ag'X'd�^ZIX-VCc'wKifZInoVCw[w[dS�"X'Z	�#g'noV�j dfikQ'Tvj ZAw¸`xVCg'w[w[d/bAZ�`[`aZ �/�[ZAg'c'ZAw[w[Z 
 �*bCj ZAw¸`¸�A¡V5�¾X'dfY[ZIifZv��VCdf�'ifZ
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��VCnydfififZ�ifdS`a�'_Rif_R\Rdfe+g'Z�X'_Rc'ch^ZAZWw[_Rc=`�nydfw[ZAw�ZAc:^Z�º#dfX'ZAc'bAZh�-VCY�X'ZAw��-VCbz�+g'Y[ZAw�X'ZhbA_Rg'ifZAg'Y �*Y[_Rg'\RZh�3_Rg'Y
i�Vx��VCnydfififZ¨X'ZAw�`aY[_#b�`a_RifdS`aZAw��<�'ifZAg$�3_Rg'Y�i�Vx��VCnydfififZ¨X'ZAw�\=VC�'�'Y[_Rwx¡VI_RifdSº#dfc'Z
�<_RYaVCc'\RZW�3_Rg'Y�i�Vx��VCnydfififZ
X'ZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw��<ºRZAY¸`¨�3_Rg'Y�i�Vx��VCnydfififZ¨X'ZAw��=�#Y[_Nµ�^ZAc'dS`aZAwAQ+¯�_Rg'w�ifZAwG^ZAbz�-VCc=`adfifif_Rc'w)w[_Rc=`¨Y[ZA�3_RY¸`�^ZAw
w[g'YhbAZ�`[`aZIbNVCY¸`aZCQ�}/ZAwhbA_Rc=`a_Rg'Y[wW\)^ZA_Rif_R\Rdfe+g'ZAw�X'ZAw[w[dfch^ZAwW_Rc=`o^Z�`�^ZvX'df\RdS`zVCifdfw#^ZAwv¡Vq�-VCY¸`adfY�X'ZAwWbNVCY¸`aZAwhX'g
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Xh^Z�ºRZAif_R�'�3ZAnyZAc=`oX'g bA_Rg'YaVCc=`ynoVCc=`aZAifi�VCdfY[Zow[_Rg'w¤ifZ�ny_R�'_ �Ge+g'dK�3ZAg�` 9Z�`aY[Z�¡V ikj _RY[df\Rdfc'ZoX'Z�ikj VC�#�
w[ZAc'bAZ¤X?j ZAny�'Y[ZAdfc=`aZ$w¸`aY[g'b�`ag'YaVCifZ$bAi�VCdfY[ZGX?j g'c X'd�VC�'dfYvX-VCc'w�ifZJnoVCw[w[dS�¨X'Z¤°xdfiS`adkQ¶t�if_R�-VCifZAnyZAc=`(03i�V
Y#^ZA�-VCY¸`adS`adf_Rcy\)^ZA_R\RYaVC�'�'dfe+g'Zv`aZAc'X�¡VGbA_Rc��-Y[nyZAYWifZAwhY#^ZAw[g'iS`zV<`awhXh^Z¾�5¡VJ_R��`aZAc+g'wWZ�`Ki�VqX'dfw¸`adfc'b�`adf_RcyXh^Z¾�5¡V
��VCdS`aZxZAc=`aY[ZIifZAw�X'ZAg#µ8w#^ZAY[dfZAwWnoVC\RnoV<`adfe+g'ZAw 0=ifZAwh\=VC�'�'Y[_Rw]¡Vq_RifdSº#dfc'Z~w[_Rc=`W\)^ZAch^Z�`adfe+g'ZAnyZAc=`~VCw[w[_#bAd�^ZAw
VCg#µ]`aY[_#b�`a_RifdS`aZAw/`zVCc'X'dfw"e+g'ZhifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw�wAj VCw[w[_#bAdfZAc=`�VCg#µq�=�#Y[_Nµ�^ZAc'dS`aZAwAQ=Th_Rny��`aZ¨`aZAc+gJX'Zhi�V
w[g'Y¸��VCbAZvbA_Rg�ºRZAY¸`aZv�-VCY�i�V]w#^ZAY[dfZx\=VC�'�'Y[_Rc'_RY[dS`aZ �$�=�#Y[_Nµ�^ZAc'dS`aZI�-VCY�YaVC�'�3_RY¸`�¡V]bAZAififZx_#bAbAg'�h^ZAZv�-VCY�ifZAw
��VCnydfififZAw)X'ZAw�`aY[_#b�`a_RifdS`aZAw�Z�`�X'ZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw 0RifZAw��-VCY[±A�'g'Y[\RdS`aZAw¨X?jmlInoVCc¤w[_Rc=`�ZAw[w[ZAc=`adfZAififZAnyZAc=`
�W�-VCY[bA_Rg'Y[g'ZAw�
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Composition d'un liquide basaltique produit par fusion partielle d'une lherzolite à spinelle (Presnall et al., 1978).
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ikj V<`[`aZAw¸`aZAc=`JifZAwGX'dS¿x^ZAY[ZAc=`aZAwJ_R�'w[ZAY¸ºCV<`adf_Rc'w��^ZAbNVCY¸`JX'Zo`aZAny�h^ZAYaV<`ag'Y[ZAwGZAc=`aY[Z8ikj ZAc'bNVCdfw[waVCc=`JZ�`JifZyifd �
e+g'dfX'Z�0�nydfw[Z�ZAc �'i�VCbAZ�X-VCc'w¤X'ZAw¤�*YaVCb�`ag'Y[ZAw 0J^ZA�3_Rc=`aZAwynG�#if_Rc'dS`adfe+g'ZAw 0)bAY[_Rdfw[waVCc'bAZ��-VCY[Y[dfw[dS`adfe+g'ZAw 0
`aZ´µ#`ag'Y[ZAw$Xh^Z��*_RY[n�^ZAZAw ��¡V��*Y[_RdfX 
'QAQAQ�� 0�ZAc�bAZAi�V 0�ZAififZAwGwAj _R�'�3_Rw[ZAc=`¤ZAc'bA_RY[Z�g'c'Zo�*_RdfwJVCg#µ:`aY[_#b�`a_<�
ifdS`aZAwWZ�`x\=VC�'�'Y[_RwJ¡V$_RifdSº#dfc'ZvnydfwKZAc��'i�VCbAZ�X-VCc'w~g'c�ZAc=º#dfY[_Rc'c'ZAnyZAc=`vVCw¸`a�h^ZAc'_Rw[�'�h^ZAY[dfe+g'Z �*bz�-VCg'X �´Q¡� i�Vow#^ZAY[dfZJ\=VC�'�'Y[_Rc'_RY[dS`aZ ���=�#Y[_Nµ�^ZAc'dS`aZ$�3ZAg�ºRZAc=`GVCg'w[w[d�w[Z$YaV<`[`zVCbz�'ZAY�bAZAY¸`zVCdfc'ZAwIifdS`a�'_Rif_R\RdfZAwK`aYA¡ZAw
X'dS¿x^ZAY[ZAc'bAd�^ZAZAwy`aZAififZAwyX'ZAw8\RYaVCc'_#X'df_RY[dS`aZAw¤Z�`8X'ZAw8�'i�VC\Rdf_R\RYaVCc'dS`aZAw¤VC�'�-VCYaVCdfw[waVCc=`oZAc �3_RY[X'g'Y[Z�X'ZAw
noVCw[w[dS�*wKX-VCc'w~X'ZAwx±A_Rc'ZAw~X'Z��*YaVCb�`ag'Y[ZAw � �vnyY[d 0¶P-���=»��´Q

^��`zVCc=`vX'_Rc'ch^Z]i�VJ�*_RY¸`aZ]X'_Rnydfc-VCc'bAZ�X'Z]i�V$w#^ZAY[dfZ]�=�#Y[_Nµ�^ZAc'dS`aZ ��\=VC�'�'Y[_Rc'_RY[dS`aZ��-VCY[nyd?ifZAwK�-if_Rc'w
noVCc=`aZAififdfe+g'ZAw 0�dfi+w[ZAnJ�'ifZhe+g'Zhikj �=�#�3_C`a�?¡ZAw[ZWX?j g'cJZAc=º#dfY[_Rc'c'ZAnyZAc=`�X?j VCY[Y[dk¡ZAY[ZhVCY[bhw[_RdS`-�[g'w¸`adS�W^ZAZh�3_Rg'Y
ikj _R�'�'df_RifdS`aZvX?jmlInoVCc �kt�ZNVCifZ���0/P-�=rRr��-��ZNVCY[bAZGZ�`vVCikQ 0/P-�R|�P�� �vi�VC�-VCw¸`aZAY~Z�`vVCikQ 0?P-�R|=s<��� �vi�VC�-VCw¸`aZAY 0
P-�R|=s�� 0CbAZA�3ZAc'X-VCc=`�bAZ�`[`aZ~�=�#�3_C`a�?¡ZAw[Zxc'ZK�3ZAg�`¶�[g'w¸`adS�-ZAY�ifZh��VCdS`�e+g'Z~i�VInoV��[_RY[dS`�^ZhX'ZAw¨\=VC�'�'Y[_Rw�X'Z~i�V
w[ZAb�`adf_RcJ�'ifg�`a_Rc'dfe+g'Z�bAY[g'w¸`zVCifZ�X?jmlInoVCcGw[_RdS`)bz�'dfnydfe+g'ZAnyZAc=`)w[ZAnJ�'i�VC�'ifZAw)VCg#µG\=VC�'�'Y[_Rw)_#b3^ZNVCc'dfe+g'ZAw
bAi�VCw[w[dfe+g'ZAw)ZAc�^ZAe+g'dfifdf�'Y[Z�VNºRZAbWX'ZAw�ifdfe+g'dfX'ZAw�X'Z�`¾�#�3Z �!l /,vQ��#d#i�Vxw[ZAb�`adf_RcJbAY[g'w¸`zVCifZhX'Zhikj _R�'�'df_RifdS`aZ
X?jmlInoVCcJc?j VI�-VCwG^Z�`�^Z"�[g'w[e+g?j VCif_RY[w�ikj _R�+�[Z�`�X?j g'c'Z8^Z�`ag'X'ZK�h^Z�`aY[_Rif_R\Rdfe+g'Zhw¸�#w¸`�^ZAnoV<`adfe+g'Z�0Cdfi#c?j ZAc$Y[ZAw¸`aZ
�-VCwhny_Rdfc'w¨e+g'ZIifZAw�\=VC�'�'Y[_RwhbAY[g'w¸`zVCg#µ8_RnoVCc-VCdfw$^Z�`ag'X'd�^ZAwh�'Y#^ZAw[ZAc=`aZAc=`~noV��[_RY[dS`zVCdfY[ZAnyZAc=`¨X'Zx�*_RY¸`aZAw
V �yc'dS`�^ZAwIbz�'dfnydfe+g'ZAw�VNºRZAb¤X'ZAw]\=VC�'�'Y[_Rwv`a�'_Ri�^ZAdfdS`adfe+g'ZAw ����Y[c'Z %hZAdfc0�P-�R|=r�� hY[_ %~c'dfc'\ 0)P-�R|=s703ºR_RdfY
�-\Rg'Y[ZAw¨�'Q ��Z�`¨�'Q � �´Q=�)VCY�VCdfififZAg'Y[w)n 9ZAnyZWifZAw�Y[_#bz�'ZAw�dfw[w[g'ZAw¨X'Z~i�VIw#^ZAY[dfZ~VCc'Xh^ZAw[dS`adfe+g'ZKc'Z~�'Y#^ZAw[ZAc=`aZAc=`
�-VCw¨X'Z~w[df\Rc-V<`ag'Y[Z~X?j VCY[bK�*YaVCc'bz�'Z~�3_Rg'Y¨ifZAw$^ZAi�^ZAnyZAc=`aw�`aYaVCbAZAw � hZAc'_RdS`(0'P-���=r�� hZAc'_RdS`¨Z�`hVCikQ 0�P-�������´Q

�!��� ����+ 5!�	
�	� � ��� � ����� $ ���#�!�����#������ ����
 $ � � 
���� ��� ����� 	
��
��� 	�� �!��
���+ 5�$���� � �� ��� � 5 ����
 $(' � 5 ��� ��$��*��� �!� � ��+-� ' ��$

}/ZAw�\=VC�'�'Y[_Rw)X'ZWi�V~w[ZAb�`adf_Rc$�'ifg�`a_Rc'dfe+g'Z�bAY[g'w¸`zVCifZh_Rc=`J^Z�`�^ZWVCw[w[ZA±W�'dfZAc:^Z�`ag'X'd�^ZAw�X-VCc'w)ifZAw)noVCw[w[dS�*w
X'Z�°xdfiS`ad 07��VCYaVCnyd 0#°vVN�#i�VN�#c�Z�` �vV &+�'i¶�-VCYK�)VCg'i�hY[_ %~c'dfc'\��MP-�R|=s�� 0 ��dfbz�'ZAififZI��Y[c'Z %hZAdfc �MP-�R|=r�� 0
��_Rc'dfe+g'Z!}"VCbz�'df±AZ �MP-������� 0���VCbN}/ZA_#X Z�`��hVC_Rg-VCc'bAe �ksC�R�R�����I¡V�bAZAi�V wAj V��[_Rg�`aZAc=`�ifZAwye+g'ZAife+g'ZAw
X'_Rc'ch^ZAZAw$X'dfw[�3ZAY[w#^ZAZAw¤ifZoif_Rc'\!X'Z8ikj _R�'�'df_RifdS`aZ¤VCbAe+g'dfw[ZAw$�-VCYJc'_C`aY[Z�^ZAe+g'df�3Z � �vnyY[d 0�P-���=»70�ThZAg'ifZ´�
c'ZAZAY 0�bA_RnynJg'c'dfbNV<`adf_Rcy�3ZAY[w[_Rc'c'ZAififZ�0+ºR_RdfYhbz�-VC�'dS`aY[Z]s#Q |��´Q�}/ZAwWX'_Rc'ch^ZAZAwW�*_Rg'Y[c'dfZAwh�-VCYhbAZAw~VCg�`aZAg'Y[w
ny_Rc=`aY[ZAc=`ve+g?j g'c�`aY[ZAc'X�`a�'_Ri�^ZAdfdS`adfe+g'ZIw[ZAnJ�'i�VC�'ifZ8¡V¤bAZAifg'd?�*_RY[n�^Z]�-VCY~ifZAwK��VCnydfififZAwWX'ZAw~`aY[_#b�`a_RifdS`aZAw
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Sills dans les dunites (Suma’il) ;
Korenaga and Kelemen, 1997

Gabbros lités (Hilti) ;
Ernewein, 1987

Gabbros lités (Sarami) ;
Ernewein, 1987

Gabbros lités (Rustaq) ;
Ernewein, 1987

Ultrabasites intrusives (Hilti) ;
Ernewein, 1987

Ultrabasites intrusives (Sarami) ;
Ernewein, 1987

Ultrabasites intrusives (Rustaq) ;
Ernewein, 1987

Gabbros intrusifs (Hilti) ;
Ernewein, 1987

Gabbros isotropes (Hilti) ;
Ernewein, 1987

Diorites-Plagiogranites (Hilti) ;
Ernewein, 1987

Gabbros lités (Wadi Shafan) ;
Browning, 1982

Gabbros lités (Wadi Bani-Karus) ;
Browning, 1982

Gabbronorites laminées (Wadi Haymiliyah) ;
Lachize et al., 1996

Domaine des lithologies hydrothermales

Domaine des gabbronorites

Domaine des gabbros à olivine

Domaine des troctolites

Gabbros de la section crustale

Filons dans le manteau

�$	���� �'Q ���y¯�ZAc'ZAg'Y[w~ZAc�VCc'_RY¸`a�'dS`aZvX'ZAwW�'i�VC\Rdf_#bAi�VCw[ZAw�ZAc8�*_Rc'b�`adf_Rc8X'ZAw@�����oX'ZAwWbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw
�3_Rg'Y~ifZAw~bAg'nJg'i�V<`awKX'Zqi�V$w[ZAb�`adf_Rc�bAY[g'w¸`zVCifZ]X?jmlInoVCc?Q§}/ZAwxX'_RnoVCdfc'ZAwKXh^Z��-c'dfwx�-VCYKifZAw~X'dS¿x^ZAY[ZAc=`aZAw
��VCnydfififZAwhX'Z]bAg'nJg'i�V<`awKdfc=`aYaV5�¾noVCc=`aZAififdfe+g'ZAwWVC�'�-VCYaVCdfw[w[ZAc=`xZAc��*_Rc'X?Q

Z�`¤X'ZAw¤\=VC�'�'Y[_Rw!¡V!_RifdSº#dfc'Z8X-VCc'w$ifZAw$ifdS`a�'_Rif_R\RdfZAw]�-if_Rc'dfZAc'c'ZAw$X'_Rnydfc'Z8ikjM^Z�ºR_Rifg�`adf_Rc�X'ZAw¤\=VC�'�'Y[_Rw
bAY[g'w¸`zVCg#µ �¥�-\Rg'Y[ZAw��'Q ��Z�`��'Q � ���W�-VCY[nydvifZAw ^ZAbz�-VCc=`adfifif_Rc'w8VCc-VCiS�#w#^ZAw 0Kw[ZAg'ifZAw�ifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw
i�VCnydfch^ZAZAw�X'g %WVCX'dh°vVN�#nydfifdS�=VC� �*noVCw[w[dS�WX'Zo°vVN�#i�VN�#c ��Xh^ZAbAY[dS`aZAwq�-VCY ��_Rc'dfe+g'Zo}"VCbz�'df±AZ �MP-���R� 0
P-�������/w[Z:Xh^Z�`zVCbz�'ZAc=`¨g'cJ�3ZAgJX'ZhbAZ�`aY[ZAc'X$Z�`��'Y#^ZAw[ZAc=`aZAc=`¨e+g'ZAife+g'ZAw�V �yc'dS`�^ZAw�VNºRZAbWg'c'ZWw#^ZAY[dfZhbNVCifbA_<�
VCifbNVCifdfc'Z�¥�-\Rg'Y[ZJ�'Q ���´Q?��ififZAwv�'Y#^ZAw[ZAc=`aZAc=`G�-VCYIVCdfififZAg'Y[wxg'c bAZAY¸`zVCdfc!c'_RnJ�'Y[ZJX'Z$�3_Rdfc=`awIbA_RnynJg'c'w
VNºRZAbJifZAwx\=VC�'�'Y[_Rc'_RY[dS`aZAw~�-if_Rc'dfZAc'c'ZAwxX'_Rc=`Ii�V¤bAY[dfw¸`zVCififdfwaV<`adf_Rc��'Y#^ZAbA_#bAZGX'ZGikj _RY¸`a�'_R�=�#Y[_Nµ¶¡ZAc'Z�0¶�'dfZAc
e+g?j ZAififZAwxc'ZGw[_RdfZAc=`Ic'd�VCg'w[w[d)X'dS¿x^ZAY[ZAc'bAd�^ZAZAwvc'd�VCg'w[w[d�Xh^ZA�'Y[dfn�^ZAZAwvZAc�^ZAi�^ZAnyZAc=`awxdfc'bA_Rny�-V<`adf�'ifZAwKe+g'Z
bAZAwhX'ZAY[c'dk¡ZAY[ZAwAQ �#g'Y�i�V��-\Rg'Y[Zx�'Q �G�-VCY¨bA_Rc=`aY[Z�0#i�V]X'dfw¸`adfc'b�`adf_Rc¤ZAc=`aY[ZvifZAw�\=VC�'�'Y[_Rw�X'g %WVCX'd¶°vVN�#nyd �
ifdS�=VC�!Z�`�ifZAw�VCg�`aY[ZAw�\=VC�'�'Y[_RwIbAY[g'w¸`zVCg#µ{c?j Z´µ�dfw¸`aZ$e+g-VCw[dfnyZAc=`��'ifg'w 0¶ikj ZAc'w[ZAnJ�'ifZGX'ZAw{^ZAbz�-VCc=`adfifif_Rc'w
bAY[g'w¸`zVCg#µ�Y[ZA�'Y#^ZAw[ZAc=`�^ZAw¤dfbAd¨X'ZAw[w[dfc'ZAc=`¤g'c:`aY[ZAc'X:`a�'_Ri�^ZAdfdS`adfe+g'Z¤w[ZAnJ�'i�VC�'ifZ{¡V�bAZAifg'd�X'_Rc'ch^Z8�-VCYGifZAw
\=VC�'�'Y[_Rw8¡V�_RifdSº#dfc'ZJnoVCc=`aZAifi�VCdfY[ZAwAQ?ThZAY¸`zVCdfc'wqVCg�`aZAg'Y[wq_Rc=`q�'g'�'ifd�^Z$X'ZAw]X'_Rc'ch^ZAZAwGVCbAe+g'dfw[ZAwqw[g'YqifZAw
\=VC�'�'Y[_RwKbAY[g'w¸`zVCg#µ�X'ZAw~noVCw[w[dS�*wWX'Z +)df±A� � �#nyZ %~dfc'\ 0¶P-�R|�P��'}/df�'�-VCY[X�Z�`xVCikQ 03P-�R|�����_Rg�X'g���VCX'd �
¯)VN�#dfc{noVCdfw~bAZAw�X'_Rc'ch^ZAZAw�X'_Rc'c'ZAc=`�ifZAwIbA_Rny�3_Rw[dS`adf_Rc'w~X'ZAw�Y[_#bz�'ZAwv`a_C`zVCifZAwvZ�`Ic'ZJw[_Rc=`�X'_Rc'bJ�-VCw
bA_Rny�-VCYaVC�'ifZAw~VCg#µ�bA_Rny�3_Rw[dS`adf_Rc'whbz�'dfnydfe+g'ZAw~X'Z]nydfch^ZAYaVCg#µ��'Y#^ZAw[ZAc=`�^ZAZAwvdfbAdkQ

� � � ���  5 � ;�9 8:9<0 � 5 � 9 � �  4 ��� 7�9<2�2�8:5 � 	�� 469 �.�  	:065 �  8 ��� 	 9<4 � 5 � 9��
� 9<0 �.�

��cq\RYaVCc'X'Z�noV��[_RY[dS`�^Z�ifZAw?\=VC�'�'Y[_Rw/bAY[g'w¸`zVCg#µ]w[Z¨�'i�VCbAZAc=`/X-VCc'w"g'c'Z�w#^ZAe+g'ZAc'bAZhX'Z�X'dS¿x^ZAY[ZAc'bAd�V<`adf_Rc
`a�'_Ri�^ZAdfdS`adfe+g'ZJbAi�VCw[w[dfe+g'Z�0/bA_RnJ�'dfc-VCc=`qi�V�X'dfnydfc+g�`adf_Rc{X'g ����� 0/X'Zyikj VCc'_RY¸`a�'dS`aZJX'ZAwG�'i�VC\Rdf_#bAi�VCw[ZAw
Z�`vikj VCg'\RnyZAc=`zV<`adf_Rc�X'ZGi�V$`aZAc'ZAg'YvZAc�`adS`zVCc'Z]X'ZAwvbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw��¶Z´µ�bAZA��`�^ZJX-VCc'wvbAZAwx`aZAY[nyZAwvifZAw



2 " ¢ EGB396��%'45%-���AB3>�%=63�#;�(*�#�¤ "B3>�>JH�+�#�y�N,"4�(*%�;R45B��,/����2§%'&�&�45B�� � £?,"� 4���96�)(���;R%��5�*B3>��
��B3,"4�(ML B*�)¦��*B3(��¥���� "� �/,�9:%?LS��( ¢ �"D

65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99

Xmg (%)

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

1.20

T
iO

2

Gabbros de la 

section crustale

Domaine des lithologies
hydrothermales

Domaine des gabbronorites

Domaine des gabbros à olivine
Domaine des troctolites

Domaine des pyroxénites

Filons dans la section
mantellaire d'Oman

Sills dans les dunites (Suma’il) ;
Korenaga and Kelemen, 1997

Gabbros lités (Hilti) ;
Ernewein, 1987

Gabbros lités (Sarami) ;
Ernewein, 1987

Gabbros lités (Rustaq) ;
Ernewein, 1987

Ultrabasites intrusives (Hilti) ;
Ernewein, 1987

Ultrabasites intrusives (Sarami) ;
Ernewein, 1987

Ultrabasites intrusives (Rustaq) ;
Ernewein, 1987

Gabbros intrusifs (Hilti) ;
Ernewein, 1987

Gabbros isotropes (Hilti) ;
Ernewein, 1987

Diorites-Plagiogranites (Hilti) ;
Ernewein, 1987

Gabbros lités (Wadi Shafan) ;
Browning, 1982

Gabbros lités (Wadi Bani-Karus) ;
Browning, 1982

Gabbronorites laminées (Wadi Haymiliyah) ;
Lachize et al., 1996

�$	���� �'Q � �!¯�ZAc'ZAg'Y[wqZAc�`adS`zVCc'ZJZAc��*_Rc'b�`adf_Rc{X'g �����!X'ZAwqbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwqX'ZAw]\=VC�'�'Y[_Rw]bAY[g'wM�
`zVCg#µoX'ZIikj _R�'�'df_RifdS`aZWX?jmlInoVCc��#ifZAwhX'_RnoVCdfc'ZAw�Xh^Z��-c'dfwh�-VCYhifZAwhbAg'nJg'i�V<`awhdfc=`aYaV5�¾noVCc=`aZAififdfe+g'ZAw�w[_Rc=`
Y[ZA�'Y#^ZAw[ZAc=`�^ZAZAwIZAc��*_Rc'X?Q

�'ifg'w¤X'dS¿x^ZAY[ZAc'bAd�^ZAw 0¨ifZAw�^ZAbz�-VCc=`adfifif_Rc'w$bAY[g'w¸`zVCg#µ�Y[ZAw¸`aZAc=`o\Rif_R�-VCifZAnyZAc=`¤X-VCc'wyg'c X'_RnoVCdfc'Z�i�VCY[\RZ´�
nyZAc=`WbA_Rg�ºRZAY¸`K�-VCY�i�V]��VCnydfififZWX'ZAwW\=VC�'�'Y[_Rw]¡Vq_RifdSº#dfc'Z~noVCc=`aZAififdfe+g'ZAwAQ+}"Vq`aZAc'X-VCc'bAZIw[g'dSº#dfZx�-VCYhifZAw
\=VC�'�'Y[_Rwh�-if_Rc'dfZAc'wWc?j ZAw¸`~bAZA�3ZAc'X-VCc=`~�-VCwW`a_Rg�`G¡VG��VCdS`hi�VGn 9ZAnyZve+g'Z]bAZAififZvX'ZAwK\=VC�'�'Y[_RwWbAY[g'w¸`zVCg#µ10
dfi?w[ZAnJ�'ifZ�e+g'Zqi�V$X'dfnydfc+g�`adf_Rc8X'ZAwK`aZAc'ZAg'Y[wxZAc�VCc'_RY¸`a�'dS`aZ�X'ZAwx�'i�VC\Rdf_#bAi�VCw[ZAwWVCdfc'w[d/e+g'Z]ikj VCg'\RnyZAc#�
`zV<`adf_Rc{X'Z$i�Vo`aZAc'ZAg'Y]ZAc{`adS`zVCc'Z$X'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAwqw[Z$��VCw[w[Z$�3_Rg'Y�g'c'Z¤ny_Rdfc'X'Y[ZGºCVCY[d�V<`adf_Rc�X'g
������X'ZAw�bAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw��3_Rg'YIifZAwv�-if_Rc'wInoVCc=`aZAififdfe+g'ZAwve+g'Z$�3_Rg'YIifZAwI\=VC�'�'Y[_Rw�bAY[g'w¸`zVCg#µ �/ifZAw
g'iS`aYaVC�-VCw[dS`aZAw¨Z�`�\=VC�'�'Y[_Rw�dfc=`aY[g'w[dS�*w¨X'ZAw�noVCw[w[dS�*w¨X'Zv°xdfiS`ad�Z�` ��VCYaVCnyd ����Y[c'Z %hZAdfc03P-�R|=r��)ny_Rc=`aY[ZAc=`
ifZAw�^Z�ºR_Rifg�`adf_Rc'wJifZAw$�'ifg'wJ�'Y[_#bz�'ZAw¤X'Z�bAZAififZAw$e+g'Z�ikj _Rc�Y[ZAc'bA_Rc=`aY[Z�VNºRZAb�ifZAwG�-if_Rc'w$noVCc=`aZAififdfe+g'ZAwAQ
}/ZAwG`aY[_#b�`a_RifdS`aZAwqZ�`$\=VC�'�'Y[_Rw�¡V�_RifdSº#dfc'ZynoVCc=`aZAififdfe+g'ZAwqY[ZAw¸`aZAc=`¤X-VCc'wJikj ZAc'w[ZAnJ�'ifZoX'ZAw$ifdS`a�'_Rif_R\RdfZAw
��VCdf�'ifZAnyZAc=`qX'dS¿x^ZAY[ZAc'bAd�^ZAZAw 0)ifZAwG\RYaVCc'X'ZAwqºCVCY[d�V<`adf_Rc'w]X'ZAwG`aZAc'ZAg'Y[w$ZAc:`adS`zVCc'ZyX'ZAwJbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw
Z�`GZAc�VCc'_RY¸`a�'dS`aZ$X'ZAwG�'i�VC\Rdf_#bAi�VCw[ZAwy¡V ������¡V��3ZAg��'YA¡ZAw�^ZA\=VCi�c'Zy�3ZAg�ºRZAc=`�9Z�`aY[ZoV<`[`aY[df�'gh^ZAZAw8¡V�i�V
w[ZAg'ifZybAY[dfw¸`zVCififdfwaV<`adf_Rc!�*YaVCb�`adf_Rc'ch^ZAZ�0/ZAififZAwqdfififg'w¸`aY[ZAc=`]i�V�bA_Rny�'ifZ´µ�dS`�^Z¤X'ZAwG�'Y[_#bAZAw[w[g'wJw[ZoXh^ZAY[_Rg'i�VCc=`
X-VCc'wKifZInoVCc=`aZNVCg?Q§«Ig'ZAififZve+g'Z]w[_RdS`Kw[_Rc�_RY[df\Rdfc'Z �¥�*g'w[df_Rc8�*YaVCb�`adf_Rc'ch^ZAZ�0��h^Z�`�^ZAY[_R\)^ZAch^ZAdS`�^Z�X'Z�w[_Rg'Y[bAZ�0
Y#^ZNVCb�`adf_Rc!noVC\RnoV5�¾Y[_#bz�'ZCQAQAQ�� 03bAZ�`[`aZJºCVCY[d�VC�'dfifdS`�^Z�dfififg'w¸`aY[Zqi�V¤��VCdf�'ifZqZ �ybNVCbAdS`�^Z$X'ZAw�n�^ZAbNVCc'dfw[nyZAwvX'Z
n�^ZAi�VCc'\RZKVCg¤w[ZAdfcyX'g¤noVCc=`aZNVCg��=bAZAi�V�ZAw¸`¤^ZA\=VCifZAnyZAc=`�w[_Rg'ifdf\Rch^ZK�-VCY�i�VIc'Z�`[`aZ~X'dfw¸`adfc'b�`adf_Rc$_R�'w[ZAY¸º¨^ZAZ
ZAc=`aY[ZJifZAwvX'ZAg#µ!w#^ZAY[dfZAwv`aY[_#b�`a_RifdS`aZAw ��\=VC�'�'Y[_Rw¤¡Vo_RifdSº#dfc'Z]Z�`I�=�#Y[_Nµ�^ZAc'dS`aZAw���\=VC�'�'Y[_Rc'_RY[dS`aZAw 0§w[d)g'c
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�'�h^ZAc'_Rn�¡ZAc'Z�0<ZAcGZ�¿¶Z�`(0<ifZAw�bAg'nJg'i�V<`aw��"bz�-VCg'X'w�
 �¥`aY[_#b�`a_RifdS`aZAw/Z�`�\=VC�'�'Y[_RwK¡V~_RifdSº#dfc'Z¨VCgGw[ZAc'w�i�VCY[\RZ �
c?j _Rc=`GbAY[dfw¸`zVCififdfw#^ZJZ�`(0/X'_Rc'b�0"bAdfY[bAg'i�^Z¤e+g'ZyX-VCc'wqX'ZAwq±A_Rc'ZAwG�'Y#^ZAbAdfw[ZAwqX'ZyY[ZAny_Rc=`�^ZAZ¤X'd�VC�'dfY[dfe+g'Z$X'g
noVCc=`aZNVCg�Z�`~c'Z�w[Z]w[_Rc=`~�-VCwKdfc5�[ZAb�`�^ZAwKi�VCY[\RZAnyZAc=`~VCifZAc=`a_Rg'Y[wW`zVCc'X'dfwWe+g'Z]ifZAwWbAg'nJg'i�V<`aw �h�*Y[_RdfX'w 
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`a_RifdS`aZAw ��\=VC�'�'Y[_RwJ¡V$_RifdSº#dfc'ZIX?j g'c'Zq�-VCY¸`~Z�`xi�V$w#^ZAY[dfZ�\=VC�'�'Y[_Rc'_RY[dS`aZAw �8�=�#Y[_Nµ�^ZAc'dS`aZAwvX?j VCg�`aY[Z]�-VCY¸`
VNºCVCdS`KXh^Z¾�5¡V�^Z�`�^Z�dfc'X'dfY[ZAb�`aZAnyZAc=`KbA_Rc'w¸`zV<`�^ZqVCg�bA_Rg'Y[w~X'ZAwKbNVCny�-VC\Rc'ZAwKX'ZI`aZAY[YaVCdfc�_/¡g�VCg'bAg'c�V<¬yZAg#�
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�)VCYGVCdfififZAg'Y[w 0?ifZAw]�-\Rg'Y[ZAwGX'ZyY[ZAbA_Rg'�3ZAnyZAc=`Jw[_Rc=`q`aYA¡ZAwGYaVCY[ZAwqw[g'YqifZ¤`aZAY[YaVCdfc�Z�`GX-VCc'wqikj dfnynyZAc'w[Z
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X'ZAg#µ$�-if_Rc'w�X'ZW\=VC�'�'Y[_Rc'_RY[dS`aZAw�Z�`¨ifZAw�Y[ZAi�V<`adf_Rc'w)ZAc=`aY[ZKifZAw�\=VC�'�'Y[_Rc'_RY[dS`aZAw)_Rg¤ifZAw��=�#Y[_Nµ�^ZAc'dS`aZAw�VNºRZAb
ifZAwv\=VC�'�'Y[_Rw¤¡Vo_RifdSº#dfc'Z]_Rg!ifZAwx`aY[_#b�`a_RifdS`aZAw~c?j _Rc=`��aVCnoVCdfw�^Z�`�^ZJ_R�'w[ZAY¸º¨^ZAZAw��?dfi"ZAw¸`�X'_Rc'bJdfny�3_Rw[w[df�'ifZ
X'ZxX-V<`aZAY�VNºRZAbvbAZAY¸`adS`ag'X'Z~g'c'Z~��VCnydfififZhX'Z~�-if_Rc¤�-VCY¨YaVC�'�3_RY¸`�¡V]ikj VCg�`aY[ZCQ ��^ZNVCc'ny_Rdfc'w 0)^Z�`zVCc=`hX'_Rc'ch^Z
i�V�w#^ZA�-VCYaV<`adf_Rc:\)^ZA_R\RYaVC�'�'dfe+g'Z¤X'ZAwGX'ZAg#µ�w#^ZAY[dfZAw 0�dfi�ZAw¸`JifZ¤�'ifg'w]�'Y[_R�-VC�'ifZ¤e+g?j ZAififZAwqw[_RdfZAc=`q`a_Rg�`aZAw
X'ZAg#µ8bA_Rc=`aZAny�3_RYaVCdfc'ZAw�Z�`W\)^ZAch^ZAY#^ZAZAwWX-VCc'wWX'ZAwh±A_Rc'ZAwWX'dfw¸`adfc'b�`aZAw��#_Rg�VCif_RY[w 0=X-VCc'wWg'c8bA_Rc=`aZ´µ#`aZIX'Z
X'd�VC�'dfY[dfw[nyZxVCw¸`a�h^ZAc'_Rw[�'�h^ZAY[dfe+g'Z8¡VGikj VC�'if_RnJ�oX?j g'c'Z�X'_RY[waVCifZ�0#e+g'Z�ifZAwh�-if_Rc'w ���*Y[_RdfX'w 
JX'ZI\=VC�'�'Y[_<�
c'_RY[dS`aZ$Z�`qX'Z¤�=�#Y[_Nµ�^ZAc'dS`aZow[_RdfZAc=`qi�^ZA\'¡ZAY[ZAnyZAc=`qVCc=`�^ZAY[dfZAg'Y[wGVCg#µ{�-if_Rc'w�X'Z¤`aY[_#b�`a_RifdS`aZGZ�`q\=VC�'�'Y[_�¡V
_RifdSº#dfc'Z�0�bA_RnynyZIw[g'\R\)^ZAY#^Zqw[g'Y~i�VG�-\Rg'Y[Z¤PRQSPN�'Q
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�xc!�'d�VCdfw~X?jM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZ]Z´µ�dfw¸`aZG�-VCY[nyd/ifZAwvbAg'nJg'i�V<`awxbAY[g'w¸`zVCg#µ �¶ZAc�Z�¿¶Z�`(03i�V¤\RYaVCc'X'ZGnoV��[_<�
Y[dS`�^ZJX'ZAw{^ZAbz�-VCc=`adfifif_Rc'wIY[ZA�3_RY¸`�^ZAZAw]dfbAd)_Rc=`{^Z�`�^Z¤�'Y#^ZAifZ�º¨^ZAw]X-VCc'w�X'ZAw]±A_Rc'ZAw]_/¡g V<¬yZAg'Y[ZAc=`qX'Z$�3ZAififZAw
w#^ZAe+g'ZAc'bAZAw�X'Zq\=VC�'�'Y[_RwxifdS`�^ZAwKZ�`ve+g'd�_Rc=`xX'_Rc'b�^Z�`�^Zq�'Y#^Z���^ZAY[ZAc'bAdfZAififZAnyZAc=`xbz�'_Rdfw[dfZAwx�-VCY~ifZAwvVCg�`aZAg'Y[w
�3_Rg'Y]��VCdfY[Z¤ifZAg'Y[w ^Z�`ag'X'ZAwAQ)��c:��VCdS`GVCg'bAg'c'Z ^Z�`ag'X'Zo�h^Z�`aY[_Rif_R\Rdfe+g'Z$`a_C`zVCifZAnyZAc=`qw¸�#w¸`�^ZAnoV<`adfe+g'ZyX'ZAw
\=VC�'�'Y[_Rw�bAY[g'w¸`zVCg#µG_RnoVCc-VCdfw"c?j V~Y#^ZAZAififZAnyZAc=`q^Z�`�^Z¨��VCdS`aZ¨Z�`)dfi=Z´µ�dfw¸`aZhX'Z¨ºCVCw¸`aZAw)Y#^ZA\Rdf_Rc'w�_/¡gqi�VKw[ZAb�`adf_Rc
bAY[g'w¸`zVCifZ8V<¬yZAg'YaVCc=`aZ8w[Z8�'Y#^ZAw[ZAc=`aZ�w[_Rg'wG�*_RY[nyZyX?j g'c'Z8w[g'bAbAZAw[w[df_Rc�X'Z8\=VC�'�'Y[_RwGifdS`�^ZAwqZ�`JX?j dfc=`aY[g#�
w[df_Rc'w�`zVCY[X'dSºRZAwh�3_Rg'YhifZAw[e+g'ZAififZAwWVCg'bAg'c'ZIX'_Rc'ch^ZAZI\)^ZA_#bz�'dfnydfe+g'Zxc?j Z´µ�dfw¸`aZCQ �xc'Zx`aZAififZ�^Z�`ag'X'Z�0�w[d¶ZAififZ
^Z�`zVCdS`WY#^ZNVCifdfw#^ZAZvny_Rc=`aY[ZAYaVCdS`h�3ZAg�`¸� 9Z�`aY[Z�g'c'ZI�'ifg'wW\RYaVCc'X'ZIbA_R�h^ZAY[ZAc'bAZ�ZAc=`aY[Z�ifZAwWbAg'nJg'i�V<`awhbAY[g'w¸`zVCg#µ
Z�`qifZAw]bAg'nJg'i�V<`aw]dfc=`aYaV5�¾noVCc=`aZAififdfe+g'ZAwAQ/ThZAi�V�c'Zyw[ZAnJ�'ifZ¤�3_Rg'Y¸`zVCc=`q�-VCw�¡V��'Y[df_RY[dfw!^Z�º#dfX'ZAc=`GbNVCY]ifZ
�'d�VCdfw~X?jM^ZAbz�-VCc=`adfifif_Rc'c-VC\RZq�'Y#^ZAbAdS`�^ZGc?j Z´µ��'ifdfe+g'ZG�-VCwvikj VC�'w[ZAc'bAZJX'ZAwx��VCbAdk¡ZAwvX'ZG\=VC�'�'Y[_Rc'_RY[dS`aZAwxZ�`IX'Z
�=�#Y[_Nµ�^ZAc'dS`aZAwWX-VCc'whi�V]w[ZAb�`adf_Rc8bAY[g'w¸`zVCifZ�^Z�`ag'X'd�^ZAZ�0#ifZAw�Y#^ZA\Rdf_Rc'w�X'Z ��VCYaVCnyd-Z�`K°vVN�#i�VN�#c�^Z�`zVCc=`/�[g'w¸`aZ´�
nyZAc=`xX'ZAw~±A_Rc'ZAwx\)^ZA_R\RYaVC�'�'dfe+g'ZAw~_/¡g�ifZAwW�-if_Rc'w~X'g�noVCc=`aZNVCg�VC�'�-VCY¸`adfZAc'c'ZAc=`xZAc�e+g-VCw[d � `a_C`zVCifdS`�^Z¤¡V
bAZAwvX'ZAg#µ���VCnydfififZAw �¥�-\Rg'Y[ZAwv��Qm»Rs70§��Qm»C�¤Z�`v��Qm»�� ��
�� �´Q �#d/_Rc�Z´µ#`aYaVC�3_RifZ]ifZAw~_R�'w[ZAY¸ºCV<`adf_Rc'wxY#^ZNVCifdfw#^ZAZAw
X-VCc'w�ifZ~noVCw[w[dS�?X'Z �#g'noV�j dfi-VCgynoVCw[w[dS�?X'Zv°xdfiS`ad'_/¡g¤w[Zv�'Y#^ZAw[ZAc=`aZvg'c'Zv�3Z�`adS`aZ~±A_Rc'ZxY[dfbz�'Z~`aY[_#b�`a_RifdS`aZ
�¥�-\Rg'Y[ZAwG��Qm»C� 0"��Qm»�� � ���JZ�`=�GQms�� 0/dfi�ZAw¸`G�'Y[_R�-VC�'ifZ¤e+g?j g'c'Zo±A_Rc'ZyX'Z --g#µ:noVCc=`aZAifi�VCdfY[ZJVCw[bAZAc'X-VCc=`
w[ZIif_#bNVCifdfw[ZJ¡VJikj VC�'if_RnJ�yX'ZIi�Vq±A_Rc'ZI�'Y#^ZAbAdS`�^ZAZCQ-²�VCc'whifZvnoVCw[w[dS�/X'Z�°xdfiS`ad ����Y[c'Z %hZAdfc0?P-�R|=r70+�-\Rg'Y[ZAw
��Qm»C� 0+��Qm»#PxZ�`W��Qm»�� � ��� �)bA_RnynyZ~X-VCc'w�ifZAw¨noVCw[w[dS�*w¨X'Zv°vVN�#i�VN�#coZ�`hX'Z ��VCYaVCnyd 0Ci�V]w[ZAb�`adf_RcybAY[g'w¸`zVCifZ
ZAw¸`qX'_Rnydfch^ZAZJ�-VCY�X'ZAw]\=VC�'�'Y[_Rw�X'_Rc=`]ifZJbz�'dfnydfw[nyZJZAw¸`]�'Y[_#bz�'Z¤X'Z¤bAZAifg'd�X'ZAw]\=VC�'�'Y[_Rwo¡V8_RifdSº#dfc'Z
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noVC\RnoV<`adfe+g'ZWX-VCc'w�ifZ~noVCc=`aZNVCgoZAw¸`��*_#bNVCifdfw#^ZKZAcobAZAY¸`zVCdfc'w¨�3_Rdfc=`aw¨X'Z~��VCdf�'ifZKZ´µ#`aZAc'w[df_Rcy`zVCc'X'dfw¨e+g'Z
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EPR-Hess Deep site 894 ;
Natland and Dick,1996

EPR-Hess Deep site 895 ;
Dick and Natland, 1996

SWIR 54°S-7°E ;
Meyer et al.,1989

SWIR-ODP site 735B ;
Ozawa et al., 1991

MAR 15°N ;
Ceuleneer, 1999 (unpub.)

MAR-DSDP site 334 ;
Ceuleneer, 2000 (unpub.)

MARK 23°N-ODP Site 923 ;
Ross and Elthon, 1997

MAR-DSDP Site 334 ;
Ross and Elthon, 1993

Mid-Cayman Rise ;
Elthon, 1987

Domaine des lithologies hydrothermales

Domaine des gabbronorites

Domaine des gabbros à olivine

Domaine des troctolites

Filons dans la section
mantellaire d'Oman

Gabbros Océaniques

�$	���� �'Qm» �y¯�ZAc'ZAg'Y[w~ZAc�VCc'_RY¸`a�'dS`aZvX'ZAwW�'i�VC\Rdf_#bAi�VCw[ZAw�ZAc8�*_Rc'b�`adf_Rc8X'ZAw@�����oX'ZAwWbAifdfc'_R�=�#Y[_Nµ¶¡ZAc'ZAw
�3_Rg'Y]ifZAw�\=VC�'�'Y[_Rw]_#b3^ZNVCc'dfe+g'ZAw��"ifZAw]X'_RnoVCdfc'ZAw�X'Z¤bz�'dfnydfZJX'ZAwqifdS`a�'_Rif_R\RdfZAw~�-if_Rc'dfZAc'c'ZAw]X?jmlInoVCc
VC�'�-VCYaVCdfw[ZAc=`xZAc��*_Rc'X?Q

}/ZAw�bz�-VCnJ�'Y[ZAw¨noVC\RnoV<`adfe+g'ZAw 05bA_Rc'w[dfXh^ZAY#^ZAZAw¨bA_RnynyZh�'dfZAc$Xh^Z�ºRZAif_R�'�h^ZAZAw¨X-VCc'w�ifZWbNVCw�X'ZKi�VvX'_RYM�
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SWIR 54°S-7°E ; Meyer et al.,1989

SWIR-ODP site 735B ; Ozawa et al., 1991

MAR 15°N ; Ceuleneer, 1999 (unpub.)

MAR-DSDP site 334 ; Ceuleneer, 2000 (unpub.)

MARK 23°N-ODP Site 923 ; Ross and Elthon, 1997
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    Xmg du liquide à l’équilibre calculé à partir des Cpx
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Coefficient de corrélation :   0.8979
Équation de la droite de corrélation : y = 0.9130x + 7.8949
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    Xmg du liquide à l’équilibre calculé à partir des Opx

Coefficient de corrélation :   0.9658
Équation de la droite de corrélation : y = 1.0621x + 0.3120

�������Zt�w ^Y�yjk*���-�P���� ����46359</�*���9</2����!2��35*+*I'���@�A/���359�!B��9</�*+�Y���El%npoG����!J����� ��������!#"�,�&%('��� ��������)�*+�
��l5��������!B35���8lI��9���!k�;/=����l%npo�����!=����� ��������!Y"� �&%('��� ��������)�*+�K��l5��������!B35*0/�P�35-<oI*+3�D�"��9���!2�h% ��9C� �3�/F'��[
����l%npoy����!������ ��������!,"�G�&%('��� ��������)�*+� ��l5���,����!6������9�35-<oI*+3�D�"��9���!������&% ���F/�*+� � �3�/F'��wL�d�G��*+35�8/�� ���
��35*+*I'���@�A/���359��;/K���Y��3I�;�6������9</6���#��35*+*I'���@�A/���359�359</y'�;/F'�#�����������;'��!J-.��*J�@��4�'�;/�P�3I���#����!K4635��9���*+�
����*+*I'��!�[L������3I�;�6������9</#���,��35*+*I'���@�A/���359 ��!0/YMN35*0/Y�.��9�!Y����!������ID ����!Y�;/Y��� l%npo���� ����� �������y"�
�&%('��� ��������)�*+�W��!0/R-�*��A/���� ����46��9</r������9</���� ���T��35*+!+� �h% ���s��!0/R�����������;'�K"�=-.��*0/���*�����!r35���8lI��9���!�35�G"�=-.��*0/���*
����!e35*0/�P�35-<oI*+3�D�"��9���!�wIzm9��R�;'��H�"��*+�R�L'��*+�8l5�R�EDF��!0/��W��9</�*+�W����!{������������!Z��l5���m����!{35���8lI��9���!{�;/e����!{������������!
��l5���B����!W������9�35-<oI*+3�D�"��9���!�[.�������k-7���F/B��;/�*+� Dr��35*+*+��HO'���YF6H5*��������"�K�@�2��35*+*I'���@�A/���359#35)�!+��*0le'����w

��3546-735!+�8/���3596��� ����� �������m�;/R��9#-.��*0/�������������*����T!+��!r/���9�����*+!W��9#������������4 �;/R!+������������4$[5-.��*���4$"�;/�*+��!
��9���359�9 ��!B�.��9�!=���;/+/���'�;/������{`d���Z��!0/2���K/�35�F/��KMV�WV��359C��!+!+� � 4����Z��359</�*�����9</�[hl535���("� -735��*+� ��35�e����!
l%npoK����!r����� ��������!T"�=�&%('��� ��������)�*+�R!+��*+359</R�����������;'��!���9Y-�*+��35*+�8/F'�2"�B-.��*0/���*�����!#l%npoK����!r35���8lI��9���!e�;/
����!k35*0/�P�35-<oI*+3�D�"��9���!�wd�d�Y� �.��!+� � /�3�/Q�����8/F'�1����!,'���QP.��9</�������359�!T�Y����9�!+�B'�;/F'�=/�*����8/F'��!�[�-735��*g����!k���F/�*+��!
� ���F9��L��359</�����9�9���9</e9��I35���8lI��9��e9��I35*0/�P�35-<oI*+3�D�"��9���[<���/l%npoB����!{����� ��������!R"�m�&%('��� ��������)�*+�e��!0/Z�����������;'�
��9$�F/�������!���9</R����!Y'��� �.�A/���359�!Wt�w ]J�;/mt�w8\?_J��9$-�*+��46�&"��*+�1��-�-�*+3�DF��4��A/���359hw

� � <�� �L���� > =1���  ! � _=< }I\ SNt�w ]<�
l%npo $ &('"%$ 	

� _=< ]F\?p5_wl%npo $ &('
 |YX
	
� ^K< i5]�t<] SNt�w8\?_<�

) "��l%npo $ &('"%$ 	
��!0/T���Bl%npo ��������� �������Y"�6�&%('��� ��������)�*+�1��l5���2����!m35���8lI��9���!W�;/Ll%npo $ &('
 |YX

	
��!0/T���Bl%npo

���$����� �������T�����������;'��"�J-.��*0/���*r����!Nl%npoY����!W������9�35-<oI*+3�D�"��9���!�w

� � � � � ��� � $ ����� � � �)
�	�	��� ��^��� u/"� � � �
���W/��8/Q��9��R9h% ��!0/L-.��!��&% ��96����!K'���;'��46��9</�!e��359�!0/��8/��F/��8MN!e-�*+��9�����-.�������6������9�35-<oI*+3�D�"��9���[ ���.!+�m��354J�

-735*0/��T��354646�T��9��T/�*������TlI��!B"�2lI��!r���k���k46��9L'��*����7��9</�*���9</m�.��9�!R!��2!0/�*+���;/���*+�Y"�2����!W��359�����9</�*����



��� �
���	��
��������������������������� ��� �!�� �#"� � �%$�� ��&'�������)(*��� �+� �	�	�	,-� � � $/.10 (*���324�	(*�5�	�	
6� � ��������4������� . � �57������	� �+�

/���359�!{-�*+35-735*0/���359�9���������!R"�T����������!{���K����� ��������w�zm9J��3I�;�6������9</e���R-.��*0/Q��H5�r������9�35-<oI*+3�D�"��9����=����� �������
-735��*v���Z/��8/Q��9��TS�� 
 |YX � $ &('� &

�����L_Fw }�p2SP> _=< _5p<�L"�m).��!+!+�L-�*+��!+!+��359J� '�;/F'��-�*+35-735!I'�L-.��*{jk*+3?l5���;/ZnL*0o<��9
S(\?]5i5p<�E[5�Z�F/���*+bA�6S(\?]5]5]<�O�k*I'��������!I'�r��9�� '�;/������W�EDF-L'��*+��46��9</Q�����R-�����!Z��3546-��&"�;/��r!+��*e������9�35-<oI*+3�D�"��9���!
�.��9�!R����!RH<��4646��!L���T-�*+��!+!+��359#l���*+�@��9</r���1_=< _5_F\ BEDGF 7 "��\?_5_ BEDGF 7 [F���h�246359</�*I'�g��9��k*+���@�A/��8l5�
��9��L'��-7��9��.��9����J����-.��*���4$"�;/�*+��� 
 |YX � $ &('� &

-.��*T*���-�-735*0/6"�Y�@��-�*+��!+!+��359h[e"�Y�@�K/���46-L'��*��A/���*+�2�;/�"�Y���
MV����)�����!gl���*+�@�A/���359�!g���K��3546-735!+�8/���359�!g���G����� ��������[7�@��l���������*k-�*+35-735!I'����SV_=< t ^ > _=< }�i<�m��!0/B!+��9I�
!+��)�����46��9</m���8�m'��*+��9</��B���=���������135)F/���9 ���=-.��*gjk*+3?l5�=�;/TnL*0o<��9yS(\?]5i5p<�r�;/g�@�K).��*+*+�B�h% ��9�����*0/��8/������
��!0/m*+���@�A/��8l5��46��9</RMN35*0/���w

� 
 |YX � $ &('� &
� �


 |YX� &� $ &('� &
SNt�w8\5\��

�d�Yl���*+�@�A/���359�-735��*T��� � $ &('� &
��!0/=��!+!+� � MN35*0/��2!+����359������ 
 |YX � $ &('� &

�QP�35��!+�&[��������29h% ��!0/19L'����9�4635��9�!
-.��!k!+�F�6!���9</��6-735��*T�QP.��9�H5��*k����!k��359�������!+��359�!T� ���K�&% 359�-7���F/k/���*+��*T���J���J�����������O�;/1� ���Z!+��*+359</
�L'�;l5����35-�-L'����!g�.��9�!W�@�2-.��*0/����k!+���8l���9</���ws�Z%('�;/������B���B�Z�F/���*+bA�$S(\?]5]5]<��-�*I'��!+��9</��=�&% ��l���9</Q��H5�k�h%8��;/�*+�
�L'�;l535�����$���IDy������9�35-<oI*+3�D�"��9���!K��9���� ����46��9</K�;/K�h%8��;/�*+� *I'������9</���[e��9�� 
 |YX � $ &('� &

���#�&% 35*+��*+�#��� _Fw t
!+��*��K��359��1�F/�������!I'�T-735��*R���k���������������1�@�=/���9�����*W��9$/��8/Q��9��T���$����� �������6"�K�&%('��� ��������)�*+��w

�Y�f
 � ,-���h
6����
 � �}� � � � ���5���d�����^
����� � �
�d� ��*+��!0/Q��������!��A/���359����G-��@��H5��3I���@��!+�=�.��9�!1��9G����� �������J).��!����8/���� ���J��!0/B��9G-�PL'��9�354$"��9��6�EDI/�*���E�

46��46��9</6��3546-����EDF�$�;/K/�*�"��!64����R��359</�*�����9</�[Z����!�'�;/�������!���354646�#����������!6����aT*���b��CS(\?]<^5c5�E[Z���
�d��9�H542����*gS(\?]5iF\��Z35�Y���k�O��9�>���!����r�A/��L359�HK�;/R���&w�S(\?]5]<c5�Z!+�T!+359</r-7��9��QPL'����!W!+��*L���T-�*+35)��&"��46�m�;/
��������!1359</B!+��*0/�35�F/=*I'����!+!+�T"� ��359 ?.*+46��*B�@�#��3546-����EDF�8/F'�J����!B*+���@�A/���359�!k��9</�*+�6���K-��@��H5��3I���@��!+�2�;/B���
����� ��������w�XZ9K�;���;/�[��@�m/���9�����*Z��96��9�35*0/�P��8/��r���J-��@��H5��3I���@��!+�el���*+����MN35*0/���46��9</Z��9JMN359��;/���3592���R9�354J�
)�*+���ID#-.��*���4$"�;/�*+��!r��!+!+� � 4����7��359</�*�����9</�!L�.��9�!R���;/+/���'�;/������g/�����!r�@�B-�*+��!+!+��359#�;/R�@�1/���46-L'��*��A/���*+�
)�����9I��!5���*�[.4�����!W�@�2MN��H<�����8/F'�B�h% 3�DIoIH�"��9��=�;/T���1����H5*I'�=�h% P<oI��*��A/Q�A/���359$���,4���H54��J!+359</$'��H<������46��9</
����!=-.��*���4$"�;/�*+��!1/�*�"��!=��46-735*0/Q��9</�!k��9</�*���9</2��9 >+���C�.��9�!=�@� ��*+��!0/Q��������!��A/���359,���C-��@��H5��3I���@��!+��w��d�
��3546-735!+�8/���359Y/�3�/Q�����1��������� �������14$���46�B�?>+35�F/��1/�35�F/g���F/Q��9</g���=��359</�*�����9</���[s�&% ��� 	 ����-��@��H5��3A�
���@��!+��"�#�&%('��� ��������)�*+�=��l5���6���2����� �������=9��K�L'��-7��9��G-.��!k!+��������46��9</B����*���-�-735*0/ 
 �
 � 0	� � ��������� �������
4�����!=����!+!+�L���y*���-�-735*0/ 
 $
 $ 0	� &

wOzm9y����!2463I�h"������!=����!=-�����!2!+��46-�����!B-�*+35-735!I'��!2-735��*=-�*I'������*+�Y�@�
��3546-735!+�8/���3596����!R-��@��H5��3I���@��!+��!���9 '��� ��������)�*+�T��l5���k��9#����� �������m).��!����8/���� ���T�C'�;/F'�gMN35��*+9���-.��*r�O��9I�
>���!����r�A/��L359�H��;/g���&w�S(\?]5]<c5�r��l5���B�&%('��� �.�A/���359#!+���8l���9</�� H

��������������������! " �$# �&%(' #  �*)�+ � + ' �
,
".- % # ' /����10 243

5 � 6879;:5 � 6879;: - 5 � 687< :
= - ���>' %?�&%10 243

5 � 687@ �5 � 687@ � - 5 � 687A 6
= 3B%(C #D) =

) "�FE ��!0/m�@�=/���46-L'��*��A/���*+�1��9 �YB��;/ @ ��!0/m�@�J-�*+��!+!+��359$��9CBEDGF 7 w
C �e463I�h"�����{��!0/v��9.��-�-���������)����v�����5���kMV���8/�� ���e�&% 359k9h% �R-.��!d������"��!r"�R�@�r4��?>+35*+�8/F'�O����!d-.��*���4$"�;/�*+��!

��9$>+���h[{�h% ���F/�*+��!�'�;/�������!J9��#!�% ��9</F'��*+��!+!+��9</6� �h% ����!0oI!0/�"��46�#)���9.����*+�EAg��)��8/��E� Ag9�35*0/�P��8/��,SVaT*���b���[
\?]<^5cI`��d��9�H542����*{��9��Kfg��9�!+359h[F\?]5iF\��E[A!0oI!0/�"��46�R/�*�"��!{!+��46-���� ?r'��� ����-7��*+46�;/Z���r��359</�*�����9���*+�R��!+!+� �
)�����9=����!v��3I�;�6������9</�!O����-.��*0/Q��H5��-��@��H5��3I���@��!+�v�k����� �������e���=!+3I������4$[?���=������������4$[?�����&% ������46��9�����4



����� k ���	
��� $�� ��l%npo ������
	 $�� �E�	�	,-��� $�� ��"�*� . �� ,-���	�	��s�� � 24
6��(*���d�����	�;������� � 
 � �
}7��	(v�	��( � $�� �� � 0 ��������� �� �	(*�5�	�	
6� � �������@����� ������� ���	,-� � � �����
�;/#��� !+������������4 �;/�[L-.��*Y��359�!I'��� ����9</�[R����!���3I�;�6������9</�!#���,����!0/�*+��)��F/���359 ������������4 ��!+3I������4 �;/
������46��9�����4 �$!+������������4 ��9</�*+�2���=-��@��H5��3I���@��!+�k�;/k���=����� �������#"���&%('��� ��������)�*+��wsak��9�!g���=����!T� ���O9�35��!
��9</F'��*+��!+!+��[O���;/+/��Y��-�-�*+3�DF��4��A/���359���!0/2����-7��9��.��9</J-7����!��A/���!0MV����!���9</���[d���CMV���8/B���6�@�$��3546-����EDF�8/F'�
35)�!+��*0le'���T����!L*+3I�QP���!�[I9�35��!�!+354646��!e/�*�"��!6'����35��H59L'��!e����!0oI!0/�"��46�g)���9.����*+�NAg��)��8/����)Ag9�35*0/�P��8/���[ ����!
'�;/�������!O!+��*d����!0oI!0/�"��46�L)���9.����*+��!�-7��*+46�;/+/���9</v����-7��9��.��9</{����46359</�*+��*d� �����@�r/���9�����*v��9=��9�35*0/�P��8/��
���,-��@��H5��3I���@��!+�k��9�'��� ��������)�*+�B��l5���2��9,����� �������1��359�9L'�2��!0/T��9�����!+!+3I���@��)����1����!T��359�����9</�*��A/���359�!g��9
!+������������4:35�Y��9#������46��9�����4:���Y����� �������W��9Y� ����!0/���359hwFXZ9Y�;���;/�[F�@�1*I'�����;/���359��QP���46��� ���m�h%('���QP.��9�H5�
*I'��H5��!+!���9</ �&%('��� ��������)�*+�$����� �������#� -��@��H5��3I���@��!+� MV���8/Y��9</���*0l5��9���*#���,��3546-735!���9</���� 6�� ��������� �������
��35*+!+� �h% 359,��!+!+3I�����B�&% ������46��9�����4 ����������������4 �;/T����!+3I������4 �.��9�!m����!m��3546-735!���9</�!��8F ��� �G6�	 �;/

CF ��� 6�� SVqm������!+��9$��9��$aT��9�H<��9h[�\?]5i5pF`.jk*+3?l5�B�;/m���&w8[h\?]5]<}I[L'��� �.�A/���359�!Wt�w8\?p2�;/mt�w8\�t �Ew

� � $� � 
 $ � &� "�� � � $ &('
 � 
 $ � "��
� ; � � $
 � 
 $ � � &���"�� � � $ &('� &�"�� � � $ &('� � 
 $ "��

SNt�w8\?p<�
��% ��!0/0��"��������*+� � � $
�� � � $ &('
 � 
 $ � "��

� ; � � $
 - � � $ &('� &�"�� � � $ &('� � 
 $ "��
SNt�w8\�t �

� 
 � � � ���� � ���  ! � � � $
 - � $ &('� &�"�� � $ &('� � 
 $ "��� � $
�� � $ &('
 � 
 $ � "��
SNt�w8\�c5�

��9 � 
 � � � ���� � ���  ! � \5\ <8\?_5�5i�9y_=< _5p5p5i @ 9�t < t ^I\?]1S(\ 9 � $ &('� � 
 $ "��
� � 9y�=< ]<^�_<^TS(\ 9 � $ &('� � $ "��

� � SNt�w8\?�<�
) "�#@ ��!0/m�@�2-�*+��!+!+��359$��9CBEDGF 7 w

� � $
 - � � $ &('
 � 
 $ � "��
���
�����! "�
# � � ���  !

� $ &('� � 
 $ "�� � $ &('� &�"�� � � $ &('
 � 
 $ � "��
���
�����! "�
# � � ���  !

SNt�w8\�^5�

������3I�;�6������9</O��������!0/�*+��)��F/���3591������������4��k!+3I������4���9</�*+�L���e����� �������Z�;/v���e-��@��H5��3I���@��!+�{��!0/{����35*+!
��359�9L'�e-.��*h�&%('��� �.�A/���359kt�w8\�c1S&jk*+3?l5�Z�;/v���&w8[�\?]5]<}5�E[�����*0/Q����9�!h/�*���l����ID1359</d-7��*+46��!h���Z�L'�;/���*+46��9���*����
��3I�;�6������9</m��9 MN359��;/���359#����!W��359����8/���359�!r���k/���46-L'��*��A/���*+��!W�;/W���1-�*+��!+!+��359hw�8�����!R4$���46�T��35*+!+� ���
�&% 359y-.��*0lI����9</,"��35)F/���9���*J��9 � 
 � � � ���� � ���  ! [Z����!K��-�-�*+3�DF��4��A/���359�!=-735��*J��������������*2���Y*���-�-735*0/ 
 �
 � 0	� ����C����� �������,"� �&%('��� ��������)�*+�K��l5���Y����!B-��@��H5��3I���@��!+��!T!+359</=/�*�"��!BMN35*0/���!B!+�e�&% 359�l5���F/J!�% �A��*���9��QP���*B����!
/���9�����*+!k��9�!+������������4 �;/k��9�������46��9�����4 �;/k����!T*I'��!+���8/Q�A/�!T35)F/���9 ��!k!+359</k�EDI/�*����46��46��9</kl���*+�@��)�����!
!+����359��@�J4�'�;/�P�3I���B���B�����������d�QP�35��!+����w%$O��9.������46��9</�[����1)��F/g���=���B�����������k'�;/Q��9</g���B��3546-.��*+��*m����!
��3546-735!+�8/���359�!h����!v����� ��������!r"�R�&%('��� ��������)�*+�e��l5��������!d����42���@�A/�!d4���9</���������� ����!d��l5��������!d��3546-735!+�8/���359�!
����!2).��!����8/���!=3I�7'����9���� ����!2��359�9 ��!�[{����� '�;/F'�Y)�����9�-�����!=!+��46-����K���Y��������������*B�@�$��3546-735!+�8/���359G���
-��@��H5��3I���@��!+�="�1�&%('��� ��������)�*+�W��l5���T����!el5��*+*+��!r).��!����8/���� ����!���9��F/�������!���9</��@�TMN35*+42�����W���kjk*+3?l5�JS(\?]5]<}5�
��359�9L'���e��9�'��� �.�A/���3591t�w8\�^Iw��Z����!+������*+!d������������!h���e��3546-735!+�8/���359T-735��*�����!�-��@��H5��3I���@��!+��!e"�R�&%('��� ��������)�*+�
��l5���r����!58 ) UmnL!O359</B'�;/F'��MV���8/�!r"�m���8�m'��*+��9</���!O-�*+��!+!+��359�!O��9</�*+�r_=< _5_F\ BEDGF 7 �;/Zc BEDGF 7 [A��� � 
 � � � ���� � ���  !l���*+���K����\5w t ^#-735��*B����!1-�*+��!+!+��359�!=����!B-�����!1MV����)�����!Y"��\5w }At�-735��*=c:BEDGF 7 w C �;/+/��6l���*+�@�A/���359����� 
 � � � ���� � ���  ! ��9</�*��?� I�9��B��9��=����H546��9</Q�A/���359$���B�@�2/���9�����*g��9,��9�35*0/�P��8/��1����-��@��H5��3I���@��!+�6"�6�&%('��� ��������)�*+�
���$t 	 ��� 4���DF��42��4 SV_Fw c 	 ����46��9���42��4Y�B��35*+!+� ���$�@��-�*+��!+!+��359 -.��!+!+������_=< _5_F\CBEDGF 7 "�
cQBEDGF 7 `�35*r�@�BMN35*+42�����g���Bjk*+3?l5�6S(\?]5]<}I[�'��� �.�A/���359#t�w8\�^5��9��k-7��*+46�;/R� �h% ��9��1-�*I'������!+��359#���Bc 	
����46��9���42��4 �.��9�!=-735��*=�&% ��9�35*0/�P��8/��K����-��@��H5��3I���@��!+��"���&%('��� ��������)�*+�J�;/2���;/+/��Y�;'��H�"��*+���L'��*+�8l5��9��
�QP.��9�H5�r-.��!O����!vH5*���-�P���� ����!{35)F/���9 ��!{-735��*v����!vl���������*+!v�����������;'����!{����9�!+� � ���r����!O��359�������!+��359�!d/���*I'����!
���1����!m35)�!+��*0l��A/���359�!�w



��� �
���	��
��������������������������� ��� �!�� �#"� � �%$�� ��&'�������)(*��� �+� �	�	�	,-� � � $/.10 (*���324�	(*�5�	�	
6� � ��������4������� . � �57������	� �+�

Liquides à l'équilibre avec les clinopyroxénites
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LaN CeN PrN NdN SmN EuN GdN TbN DyN HoN ErN TmN YbN LuN

C
/C
h

00 FZ 29

00 WT 47a

97 M 35

97 MCT 3

99 NA 19a

99 RU 57a

99 RU 58

99 RU 62
(a)

Liquides à l'équilibre avec les clinopyroxénites

LaN CeN PrN NdN SmN EuN GdN TbN DyN HoN ErN TmN YbN LuN

00 FZ 26

00 FZ 32a

97 NA 1

00 SS 7b
(b)
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Basaltes océaniques (20285 échantillons)
Famille des troctolites (89 échantillons)
Famille des gabbros à olivine + Troctolites à Cpx (323 échantillons)
Famille des gabbronorites (294 échantillons)
Famille des pyroxénites (293 échantillons)
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Basaltes océaniques (20285 échantillons)
Troctolites à clinopyroxène (53 échantillons)
Famille des gabbros à olivine (271 échantillons)
Famille des gabbronorites (152 échantillons)
Famille des pyroxénites (6 échantillons)
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Familles lithologiques

Gabbros à Amphibole

Gabbros

Dunites à Plagioclase et Pyroxène

Dunites à Plagioclase

Harzburgites à Plagioclase et Pyroxène

Harzburgites à Plagioclase

Troctolites 

Troctolites à Clinopyroxène

Gabbros à Olivine 
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Gabbros à Olivine riches en Opaques
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Clinopyroxénites 
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Lithologies crustales
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Pyroxénites

0° - 30°

30° - 60°

60° - 90°



���
�
��
��������

�

56°03 E

56°03 E

56°06 E

56°06 E

56°09 E

56°09 E

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

24°12 N 24°12 N

24°15 N 24°15 N

24°18 N 24°18 N

24°21 N 24°21 N

24°24 N 24°24 N

24°27 N 24°27 N

24°30 N 24°30 N

24°33 N 24°33 N

24°36 N 24°36 N

24°39 N 24°39 N

24°42 N 24°42 N

24°45 N 24°45 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
� ���

�0�2 �	��
  ����2 ��

56°03 E

56°03 E

56°06 E

56°06 E

56°09 E

56°09 E

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

24°12 N 24°12 N

24°15 N 24°15 N

24°18 N 24°18 N

24°21 N 24°21 N

24°24 N 24°24 N

24°27 N 24°27 N

24°30 N 24°30 N

24°33 N 24°33 N

24°36 N 24°36 N

24°39 N 24°39 N

24°42 N 24°42 N

24°45 N 24°45 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
����0�������� �

��0�� ������0��  

��������A=w8\�t1� C��*0/���!rHO'��35��35H5��� ����!����#4���!+!+�8M����kfm���8/��.46359</�*���9</r����!L*I'��-.��*0/��8/���359�!�����!hl%npoK����!
������9�35-<oI*+3�D�"��9���!m�;/m����!���	

����!W-��@��H5��3I���@��!+��!�w



� ����������� � ���

56°03 E

56°03 E

56°06 E

56°06 E

56°09 E

56°09 E

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

56°24 E

56°24 E

56°27 E

56°27 E

56°30 E

56°30 E

56°33 E

56°33 E

56°36 E

56°36 E

23°57 N 23°57 N

24°00 N 24°00 N

24°03 N 24°03 N

24°06 N 24°06 N

24°09 N 24°09 N

24°12 N 24°12 N

24°15 N 24°15 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ � ���� 0 � 2 �	��
  ���� 2 ��

56°03 E

56°03 E

56°06 E

56°06 E

56°09 E

56°09 E

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

56°24 E

56°24 E

56°27 E

56°27 E

56°30 E

56°30 E

56°33 E

56°33 E

56°36 E

56°36 E

23°57 N 23°57 N

24°00 N 24°00 N

24°03 N 24°03 N

24°06 N 24°06 N

24°09 N 24°09 N

24°12 N 24°12 N

24°15 N 24°15 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � � ���� 0 � � � ��� 0 � � ��

��������A=w8\�cT� C ��*0/���!rHO'��35��35H5��� ����!����#4���!+!+�8M����kfm���8/��.46359</�*���9</r����!L*I'��-.��*0/��8/���359�!�����!hl%npoK����!
������9�35-<oI*+3�D�"��9���!m�;/m����! ��� 	 ����!W-��@��H5��3I���@��!+��!�w



� � � � �����������

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

56°24 E

56°24 E

56°27 E

56°27 E

56°30 E

56°30 E

56°33 E

56°33 E

56°36 E

56°36 E

56°39 E

56°39 E

56°42 E

56°42 E

56°45 E

56°45 E

23°48 N 23°48 N

23°51 N 23°51 N

23°54 N 23°54 N

23°57 N 23°57 N

24°00 N 24°00 N

24°03 N 24°03 N

24°06 N 24°06 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ � ���� 0 � 2 �	��
  ���� 2 ��

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

56°24 E

56°24 E

56°27 E

56°27 E

56°30 E

56°30 E

56°33 E

56°33 E

56°36 E

56°36 E

56°39 E

56°39 E

56°42 E

56°42 E

56°45 E

56°45 E

23°48 N 23°48 N

23°51 N 23°51 N

23°54 N 23°54 N

23°57 N 23°57 N

24°00 N 24°00 N

24°03 N 24°03 N

24°06 N 24°06 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � � ���� 0 � � � ��� 0 � � ��

��������A=w8\?�6� C ��*0/���!1HO'��35��35H5��� ����!T���G4���!+!+�8M�����~F��*���46�O�;/1�h% ��9��6-.��*0/����2����!14���!+!+�8M����6fm���8/��
�;/J��� �C��� ).��Py46359</�*���9</2����!2*I'��-.��*0/��8/���359�!B����! l%npoG����!J������9�35-<oI*+3�D�"��9���!J�;/2����! ��� 	 ����!
-��@��H5��3I���@��!+��!�w



� ����������� � � �

56°54 E

56°54 E

56°57 E

56°57 E

57°00 E

57°00 E

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

57°15 E

57°15 E

57°18 E

57°18 E

57°21 E

57°21 E

57°24 E

57°24 E

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

23°45 N 23°45 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ � ���� 0 � 2 �	��
  ���� 2 ��

56°54 E

56°54 E

56°57 E

56°57 E

57°00 E

57°00 E

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

57°15 E

57°15 E

57°18 E

57°18 E

57°21 E

57°21 E

57°24 E

57°24 E

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

23°45 N 23°45 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � � ���� 0 � � � ��� 0 � � ��

�������-A=w8\�^=� C ��*0/���!gHO'��35��35H5��� ����!m���,4���!+!+�8M{���2UW��!0/Q��� 46359</�*���9</g����!m*I'��-.��*0/��8/���359�!m����!il%npo
����!m������9�35-<oI*+3�D�"��9���!W�;/m����! ��� 	 ����!m-��@��H5��3I���@��!+��!�w



���
�
��
��������

�

56°51 E

56°51 E

56°54 E

56°54 E

56°57 E

56°57 E

57°00 E

57°00 E

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

23°45 N 23°45 N

23°48 N 23°48 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
� ���

�0�2 �	��
  ����2 ��

56°51 E

56°51 E

56°54 E

56°54 E

56°57 E

56°57 E

57°00 E

57°00 E

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

23°45 N 23°45 N

23°48 N 23°48 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
� ���

�0� �� ��
�0� ���

��������A=w8\?i1� C��*0/���!RHO'��35��35H5��� ����!L�h%��9��T-.��*0/����g���#4���!+!+�8Md���kUW��!0/Q���6�;/R���T�&%�EDI/�*I'��46�8/F'�g��!0/R���
4���!+!+�8M����

�C��� ).��P�46359</�*���9</�����!Z*I'��-.��*0/��8/���359�!Z����!/l%npo2����!�������9�35-<oI*+3�D�"��9���!
��
��R�;/�����!���C	

����!m-��@��H5��3I���@��!+��!
�	�	�Aw



� ����������� � �5�

57°27 E

57°27 E

57°30 E

57°30 E

57°33 E

57°33 E

57°36 E

57°36 E

57°39 E

57°39 E

57°42 E

57°42 E

57°45 E

57°45 E

57°48 E

57°48 E

57°51 E

57°51 E

57°54 E

57°54 E

57°57 E

57°57 E

58°00 E

58°00 E

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ � ���� 0 � 2 �	��
  ���� 2 ��

57°27 E

57°27 E

57°30 E

57°30 E

57°33 E

57°33 E

57°36 E

57°36 E

57°39 E

57°39 E

57°42 E

57°42 E

57°45 E

57°45 E

57°48 E

57°48 E

57°51 E

57°51 E

57°54 E

57°54 E

57°57 E

57°57 E

58°00 E

58°00 E

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � � ���� 0 � � � ��� 0 � � ��

�������5A=w8\?]�� C ��*0/���!BHO'��35��35H5��� ����!k���C4���!+!+�8ML���6qg��b P��e46359</�*���9</B����!1*I'��-.��*0/��8/���359�!k����!Bl%npo
����!m������9�35-<oI*+3�D�"��9���!W�;/m����! ��� 	 ����!m-��@��H5��3I���@��!+��!�w



� ��� � �����������

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

57°15 E

57°15 E

57°18 E

57°18 E

57°21 E

57°21 E

57°24 E

57°24 E

57°27 E

57°27 E

57°30 E

57°30 E

57°33 E

57°33 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ � ���� 0 � 2 �	��
  ���� 2 ��

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

57°15 E

57°15 E

57°18 E

57°18 E

57°21 E

57°21 E

57°24 E

57°24 E

57°27 E

57°27 E

57°30 E

57°30 E

57°33 E

57°33 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � � ���� 0 � � � ��� 0 � � ��

�������5A=w }�_Y� C ��*0/���!=HO'��35��35H5��� ����!1���C4���!+!+�8ML���Ynr��P��@�#46359</�*���9</B����!B*I'��-.��*0/��8/���359�!k����!@l%npo
����!m������9�35-<oI*+3�D�"��9���!W�;/m����! ��� 	 ����!m-��@��H5��3I���@��!+��!�w



� ����������� � ��

58°18 E

58°18 E

58°21 E

58°21 E

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

58°51 E

58°51 E

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ � ���� 0 � 2 �	��
  ���� 2 ��

58°18 E

58°18 E

58°21 E

58°21 E

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

58°51 E

58°51 E

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � � ���� 0 � � � ��� 0 � � ��

������� A=w }I\T� C ��*0/���!mHO'��35��35H5��� ����!R���$4���!+!+�8MO���w8$��!+�I�A/g46359</�*���9</m����!W*I'��-.��*0/��8/���359�!R����!Nl%npo
����!m������9�35-<oI*+3�D�"��9���!W�;/m����! ��� 	 ����!m-��@��H5��3I���@��!+��!�w



�
���

�
��
��������

�

58°00 E

58°00 E

58°03 E

58°03 E

58°06 E

58°06 E

58°09 E

58°09 E

58°12 E

58°12 E

58°15 E

58°15 E

58°18 E

58°18 E

23°06 N 23°06 N

23°09 N 23°09 N

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
� ���

�0�2 �	��
  ����2 ��

58°00 E

58°00 E

58°03 E

58°03 E

58°06 E

58°06 E

58°09 E

58°09 E

58°12 E

58°12 E

58°15 E

58°15 E

58°18 E

58°18 E

23°06 N 23°06 N

23°09 N 23°09 N

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
� ���

�0� �� ��
�0� ���

�������}A=w}5}e� C��*0/���!dHO'��35��35H5��� ����!h����!v4���!+!+�8MN!h����|1��P<�r���B�;/58$��!+��)��8/d46359</�*���9</d����!�*I'��-.��*0/��8/���359�!
����!Nl%npo�����!m������9�35-<oI*+3�D�"��9���!m�;/m����!���	

����!W-��@��H5��3I���@��!+��!�w



�
��
��������

�
�
���

57°48 E

57°48 E

57°51 E

57°51 E

57°54 E

57°54 E

57°57 E

57°57 E

58°00 E

58°00 E

58°03 E

58°03 E

58°06 E

58°06 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
� ���

�0�2 �	��
  ����2 ��

57°48 E

57°48 E

57°51 E

57°51 E

57°54 E

57°54 E

57°57 E

57°57 E

58°00 E

58°00 E

58°03 E

58°03 E

58°06 E

58°06 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
� ���

�0� �� ��
�0� ���

�������A=w}�p=� C��*0/���!mHO'��35��35H5��� ����!R����4���!+!+�8MO���=~I��4��F%���h46359</�*���9</m����!W*I'��-.��*0/��8/���359�!R����!Nl%npo
����!m������9�35-<oI*+3�D�"��9���!W�;/m����!���	

����!m-��@��H5��3I���@��!+��!�w



�
� �

�
��
��������

�

58°03 E

58°03 E

58°06 E

58°06 E

58°09 E

58°09 E

58°12 E

58°12 E

58°15 E

58°15 E

58°18 E

58°18 E

58°21 E

58°21 E

22°36 N 22°36 N

22°39 N 22°39 N

22°42 N 22°42 N

22°45 N 22°45 N

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
� ���

�0�2 �	��
  ����2 ��

58°03 E

58°03 E

58°06 E

58°06 E

58°09 E

58°09 E

58°12 E

58°12 E

58°15 E

58°15 E

58°18 E

58°18 E

58°21 E

58°21 E

22°36 N 22°36 N

22°39 N 22°39 N

22°42 N 22°42 N

22°45 N 22°45 N

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
� ���

�0� �� ��
�0� ���

�������^A=w}At6� C��*0/���!kHO'��35��35H5��� ����!g����4���!+!+�8MZ���K~F��4����,46359</�*���9</k����!g*I'��-.��*0/��8/���359�!m����!!l%npo
����!m������9�35-<oI*+3�D�"��9���!W�;/m����!���	

����!m-��@��H5��3I���@��!+��!�w



� ����������� � � �

58°15 E

58°15 E

58°18 E

58°18 E

58°21 E

58°21 E

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ � ���� 0 � 2 �	��
  ���� 2 ��

58°15 E

58°15 E

58°18 E

58°18 E

58°21 E

58°21 E

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � � ���� 0 � � � ��� 0 � � ��

�������5A=w }5c�� C ��*0/���!BHO'��35��35H5��� ����!1���C4���!+!+�8ML��� �������euO��oI��9C46359</�*���9</B����!1*I'��-.��*0/��8/���359�!k����!
l%npoY����!W������9�35-<oI*+3�D�"��9���!m�;/m����! ��� 	 ����!m-��@��H5��3I���@��!+��!�w



� � � � �����������

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

58°51 E

58°51 E

58°54 E

58°54 E

58°57 E

58°57 E

22°36 N 22°36 N

22°39 N 22°39 N

22°42 N 22°42 N

22°45 N 22°45 N

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

0 1 2 3 4 5 km

Xmg des clinopyroxènes
60% 62% 64% 66% 68% 70% 72% 74% 76% 78% 80% 82% 84% 86% 88% 90% 92%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ � ���� 0 � 2 �	��
  ���� 2 ��

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

58°51 E

58°51 E

58°54 E

58°54 E

58°57 E

58°57 E

22°36 N 22°36 N

22°39 N 22°39 N

22°42 N 22°42 N

22°45 N 22°45 N

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

0 1 2 3 4 5 km

An% des plagioclases
40% 44% 48% 51% 55% 59% 62% 66% 70% 74% 78% 81% 85% 89% 92% 96%100%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � � ���� 0 � � � ��� 0 � � ��

�������^A=w }��J� C ��*0/���!THO'��35��35H5��� ����!m����4���!+!+�8MZ�h% :�)�*���46359</�*���9</T����!m*I'��-.��*0/��8/���359�!m����!Ll%npo ����!
������9�35-<oI*+3�D�"��9���!m�;/m����! ��� 	 ����!W-��@��H5��3I���@��!+��!�w



� ����� � 
 � � �	���������� �� ���� � � 
 �C����� � � ���� � 

� � � � ��� ��� 
 � � 
 �	��� � � � � 
 �� ��� ��"� � �	�	����� �



�
� �

�
��
��������

�

56°03 E

56°03 E

56°06 E

56°06 E

56°09 E

56°09 E

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

24°12 N 24°12 N

24°15 N 24°15 N

24°18 N 24°18 N

24°21 N 24°21 N

24°24 N 24°24 N

24°27 N 24°27 N

24°30 N 24°30 N

24°33 N 24°33 N

24°36 N 24°36 N

24°39 N 24°39 N

24°42 N 24°42 N

24°45 N 24°45 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
���0�������� �

��0�� ������0��  

56°03 E

56°03 E

56°06 E

56°06 E

56°09 E

56°09 E

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

24°12 N 24°12 N

24°15 N 24°15 N

24°18 N 24°18 N

24°21 N 24°21 N

24°24 N 24°24 N

24°27 N 24°27 N

24°30 N 24°30 N

24°33 N 24°33 N

24°36 N 24°36 N

24°39 N 24°39 N

24°42 N 24°42 N

24°45 N 24°45 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
����0�������� �

��0�� ������0��  

�������A=w}5^W� C��*0/���!eHO'��35��35H5��� ����!Z����4���!+!+�8M7����$O�� PK46359</�*���9</e����!e*I'��-.��*0/��8/���359�!{-735��*e� ������� ����!
����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�J�&%('��� ��������)�*+��w



� ����������� � �W�

56°03 E

56°03 E

56°06 E

56°06 E

56°09 E

56°09 E

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

56°24 E

56°24 E

56°27 E

56°27 E

56°30 E

56°30 E

56°33 E

56°33 E

56°36 E

56°36 E

23°57 N 23°57 N

24°00 N 24°00 N

24°03 N 24°03 N

24°06 N 24°06 N

24°09 N 24°09 N

24°12 N 24°12 N

24°15 N 24°15 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ ��� 0 ������� � ��� 0�� � ����� 0 � �  

56°03 E

56°03 E

56°06 E

56°06 E

56°09 E

56°09 E

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

56°24 E

56°24 E

56°27 E

56°27 E

56°30 E

56°30 E

56°33 E

56°33 E

56°36 E

56°36 E

23°57 N 23°57 N

24°00 N 24°00 N

24°03 N 24°03 N

24°06 N 24°06 N

24°09 N 24°09 N

24°12 N 24°12 N

24°15 N 24°15 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � ����0 ������� � ��� 0�� � ����� 0 � �  

������� A=w }�ig� C ��*0/���!eHO'��35��35H5��� ����!Z���64���!+!+�8M7���mfm���8/��F46359</�*���9</e����!Z*I'��-.��*0/��8/���359�!Z-735��*Z� ������� ����!
����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�J�&%('��� ��������)�*+��w



� � � � �����������

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

56°24 E

56°24 E

56°27 E

56°27 E

56°30 E

56°30 E

56°33 E

56°33 E

56°36 E

56°36 E

56°39 E

56°39 E

56°42 E

56°42 E

56°45 E

56°45 E

23°48 N 23°48 N

23°51 N 23°51 N

23°54 N 23°54 N

23°57 N 23°57 N

24°00 N 24°00 N

24°03 N 24°03 N

24°06 N 24°06 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ ��� 0 ������� � ��� 0�� � ����� 0 � �  

56°12 E

56°12 E

56°15 E

56°15 E

56°18 E

56°18 E

56°21 E

56°21 E

56°24 E

56°24 E

56°27 E

56°27 E

56°30 E

56°30 E

56°33 E

56°33 E

56°36 E

56°36 E

56°39 E

56°39 E

56°42 E

56°42 E

56°45 E

56°45 E

23°48 N 23°48 N

23°51 N 23°51 N

23°54 N 23°54 N

23°57 N 23°57 N

24°00 N 24°00 N

24°03 N 24°03 N

24°06 N 24°06 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � ����0 ������� � ��� 0�� � ����� 0 � �  

�������-A=w }�]J� C ��*0/���!THO'��35��35H5��� ����!m���,4���!+!+�8M{���J~F��*���46�d�;/T�h% ��9��=-.��*0/����B����!T4���!+!+�8MN!m���2fm�����8/
�;/T��� �C��� ).��P�46359</�*���9</T����!g*I'��-.��*0/��8/���359�!m-735��*m� ������� ����!k����*����;/�"��*+��!T�QP���46��� ����!g����!k����� ��������!
"�J�&%('��� ��������)�*+��w



� ����������� � � �

56°54 E

56°54 E

56°57 E

56°57 E

57°00 E

57°00 E

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

57°15 E

57°15 E

57°18 E

57°18 E

57°21 E

57°21 E

57°24 E

57°24 E

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

23°45 N 23°45 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ ��� 0 ������� � ��� 0�� � ����� 0 � �  

56°54 E

56°54 E

56°57 E

56°57 E

57°00 E

57°00 E

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

57°15 E

57°15 E

57°18 E

57°18 E

57°21 E

57°21 E

57°24 E

57°24 E

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

23°45 N 23°45 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � ����0 ������� � ��� 0�� � ����� 0 � �  

�������BA=w p5_y� C ��*0/���!�HO'��35��35H5��� ����!���� 4���!+!+�8MK���yUW��!0/Q��� 46359</�*���9</,����!,*I'��-.��*0/��8/���359�!�-735��*
� ������� ����!m����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�K�&%('��� ��������)�*+��w



� ���
�
��
��������

�

56°51 E

56°51 E

56°54 E

56°54 E

56°57 E

56°57 E

57°00 E

57°00 E

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

23°45 N 23°45 N

23°48 N 23°48 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
���0�������� �

��0�� ������0��  

56°51 E

56°51 E

56°54 E

56°54 E

56°57 E

56°57 E

57°00 E

57°00 E

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

23°45 N 23°45 N

23°48 N 23°48 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
����0�������� �

��0�� ������0��  

�������hA=wpF\Y� C��*0/���!6HO'��35��35H5��� ����!K�h%��9��$-.��*0/��������
4���!+!+�8Mg����UW��!0/Q���y

�;/�����&%�EDI/F'��46�8/F'���!0/
����

4���!+!+�8Mr���
�C
��� ).��Py

46359</�*���9</=����!B*I'��-.��*0/��8/���359�!1-735��*B���)l%npo��;/2������	
����!=����� ��������!#"�

�&%('��� ��������)�*+��w



� ����������� � ���

57°27 E

57°27 E

57°30 E

57°30 E

57°33 E

57°33 E

57°36 E

57°36 E

57°39 E

57°39 E

57°42 E

57°42 E

57°45 E

57°45 E

57°48 E

57°48 E

57°51 E

57°51 E

57°54 E

57°54 E

57°57 E

57°57 E

58°00 E

58°00 E

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ ��� 0 ������� � ��� 0�� � ����� 0 � �  

57°27 E

57°27 E

57°30 E

57°30 E

57°33 E

57°33 E

57°36 E

57°36 E

57°39 E

57°39 E

57°42 E

57°42 E

57°45 E

57°45 E

57°48 E

57°48 E

57°51 E

57°51 E

57°54 E

57°54 E

57°57 E

57°57 E

58°00 E

58°00 E

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � ����0 ������� � ��� 0�� � ����� 0 � �  

�������}A=w p<}�� C ��*0/���!vHO'��35��35H5��� ����!����B4���!+!+�8MF����qg��b P��<46359</�*���9</d����!d*I'��-.��*0/��8/���359�!h-735��*d� ������� ����!
����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�J�&%('��� ��������)�*+��w



� � � � �����������

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

57°15 E

57°15 E

57°18 E

57°18 E

57°21 E

57°21 E

57°24 E

57°24 E

57°27 E

57°27 E

57°30 E

57°30 E

57°33 E

57°33 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ ��� 0 ������� � ��� 0�� � ����� 0 � �  

57°03 E

57°03 E

57°06 E

57°06 E

57°09 E

57°09 E

57°12 E

57°12 E

57°15 E

57°15 E

57°18 E

57°18 E

57°21 E

57°21 E

57°24 E

57°24 E

57°27 E

57°27 E

57°30 E

57°30 E

57°33 E

57°33 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � ����0 ������� � ��� 0�� � ����� 0 � �  

������� A=w p5pL� C ��*0/���!vHO'��35��35H5��� ����!����=4���!+!+�8MF���Lnr��P��@�R46359</�*���9</v����!d*I'��-.��*0/��8/���359�!�-735��*d� ������� ����!
����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�J�&%('��� ��������)�*+��w



� ����������� � � �

58°18 E

58°18 E

58°21 E

58°21 E

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

58°51 E

58°51 E

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ ��� 0 ������� � ��� 0�� � ����� 0 � �  

58°18 E

58°18 E

58°21 E

58°21 E

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

58°51 E

58°51 E

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

23°39 N 23°39 N

23°42 N 23°42 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � ����0 ������� � ��� 0�� � ����� 0 � �  

�������!A=w p�ty� C ��*0/���!�HO'��35��35H5��� ����! ����4���!+!+�8MJ��� 8$��!+�I�A/,46359</�*���9</�����!�*I'��-.��*0/��8/���359�! -735��*
� ������� ����!m����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�K�&%('��� ��������)�*+��w



� ��
�
��
��������

�

58°00 E

58°00 E

58°03 E

58°03 E

58°06 E

58°06 E

58°09 E

58°09 E

58°12 E

58°12 E

58°15 E

58°15 E

58°18 E

58°18 E

23°06 N 23°06 N

23°09 N 23°09 N

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
���0�������� �

��0�� ������0��  

58°00 E

58°00 E

58°03 E

58°03 E

58°06 E

58°06 E

58°09 E

58°09 E

58°12 E

58°12 E

58°15 E

58°15 E

58°18 E

58°18 E

23°06 N 23°06 N

23°09 N 23°09 N

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

23°24 N 23°24 N

23°27 N 23°27 N

23°30 N 23°30 N

23°33 N 23°33 N

23°36 N 23°36 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
����0�������� �

��0�� ������0��  

�������}A=wp<ce� C��*0/���!dHO'��35��35H5��� ����!h����!v4���!+!+�8MN!h����|1��P<�r���B�;/58$��!+��)��8/d46359</�*���9</d����!�*I'��-.��*0/��8/���359�!
-735��*R� ������� ����!m����*����;/�"��*+��!m�QP���46��� ����!W����!W����� ��������!="�J�&%('��� ��������)�*+��w



�
��
��������

�
� �
�

57°48 E

57°48 E

57°51 E

57°51 E

57°54 E

57°54 E

57°57 E

57°57 E

58°00 E

58°00 E

58°03 E

58°03 E

58°06 E

58°06 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
���0�������� �

��0�� ������0��  

57°48 E

57°48 E

57°51 E

57°51 E

57°54 E

57°54 E

57°57 E

57°57 E

58°00 E

58°00 E

58°03 E

58°03 E

58°06 E

58°06 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

23°12 N 23°12 N

23°15 N 23°15 N

23°18 N 23°18 N

23°21 N 23°21 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
����0�������� �

��0�� ������0��  

�������!A=wp5��
� C��*0/���!�HO'��35��35H5��� ����!$����

4���!+!+�8M2���y
~I��4��F%���k46359</�*���9</�����!�*I'��-.��*0/��8/���359�!-735��*

� ������� ����!m����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�K�&%('��� ��������)�*+��w



� � �
�
��
��������

�

58°03 E

58°03 E

58°06 E

58°06 E

58°09 E

58°09 E

58°12 E

58°12 E

58°15 E

58°15 E

58°18 E

58°18 E

58°21 E

58°21 E

22°36 N 22°36 N

22°39 N 22°39 N

22°42 N 22°42 N

22°45 N 22°45 N

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =�
��
��
�
���0�������� �

��0�� ������0��  

58°03 E

58°03 E

58°06 E

58°06 E

58°09 E

58°09 E

58°12 E

58°12 E

58°15 E

58°15 E

58°18 E

58°18 E

58°21 E

58°21 E

22°36 N 22°36 N

22°39 N 22°39 N

22°42 N 22°42 N

22°45 N 22°45 N

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =���
����0�������� �

��0�� ������0��  

�������@A=wp<^�
� C��*0/���!�HO'��35��35H5��� ����!,���

4���!+!+�8M6���
~F��4����

46359</�*���9</�����!�*I'��-.��*0/��8/���359�!,-735��*
� ������� ����!m����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�K�&%('��� ��������)�*+��w



� ����������� � �W�

58°15 E

58°15 E

58°18 E

58°18 E

58°21 E

58°21 E

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ ��� 0 ������� � ��� 0�� � ����� 0 � �  

58°15 E

58°15 E

58°18 E

58°18 E

58°21 E

58°21 E

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

23°00 N 23°00 N

23°03 N 23°03 N

23°06 N 23°06 N

23°09 N 23°09 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � ����0 ������� � ��� 0�� � ����� 0 � �  

�������-A=w p5i=� C ��*0/���!mHO'��35��35H5��� ����!W����4���!+!+�8M{�����������duO��oI��9�46359</�*���9</g����!W*I'��-.��*0/��8/���359�!W-735��*
� ������� ����!m����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�K�&%('��� ��������)�*+��w



� � � � �����������

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

58°51 E

58°51 E

58°54 E

58°54 E

58°57 E

58°57 E

22°36 N 22°36 N

22°39 N 22°39 N

22°42 N 22°42 N

22°45 N 22°45 N

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

0 1 2 3 4 5 km

Xmg du liquide à l’équilibre
35% 38% 40% 42% 45% 48% 50% 52% 55% 58% 60% 62% 65% 68% 70% 72% 75%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� =������ ��� 0 ������� � ��� 0�� � ����� 0 � �  

58°24 E

58°24 E

58°27 E

58°27 E

58°30 E

58°30 E

58°33 E

58°33 E

58°36 E

58°36 E

58°39 E

58°39 E

58°42 E

58°42 E

58°45 E

58°45 E

58°48 E

58°48 E

58°51 E

58°51 E

58°54 E

58°54 E

58°57 E

58°57 E

22°36 N 22°36 N

22°39 N 22°39 N

22°42 N 22°42 N

22°45 N 22°45 N

22°48 N 22°48 N

22°51 N 22°51 N

22°54 N 22°54 N

22°57 N 22°57 N

0 1 2 3 4 5 km

An% du liquide à l’équilibre
32% 36% 40% 44% 48% 52% 56% 60% 64% 68% 72% 76% 80% 84% 88% 92% 96%

   Faciès granitiques          Faciès hydrothermaux        Troctolites
   Gabbros à olivine           Gabbronorites               Pyroxénolites

3�� = �� � ����0 ������� � ��� 0�� � ����� 0 � �  

��������A=w p5]=� C ��*0/���!WHO'��35��35H5��� ����!R���$4���!+!+�8Mv�h% :�)�*��K46359</�*���9</W����!R*I'��-.��*0/��8/���359�!R-735��*R� ������� ����!
����*����;/�"��*+��!m�QP���46��� ����!R����!m����� ��������!B"�J�&%('��� ��������)�*+��w



� � ������� �

� ��� �V��� � ��� � � � � � � � � � �V
 ���{��� � � ���� � �

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

jG���/B:02� ���
+���'X�A ��B:02�����8&�
+����#%A?&'�802X��
+������&'������B:�5!"�:~ <�� ���G��02!��>��� �G(a��X�XZ��#/�GH�`#;��� �	�'H���'02�80"��1b!"�:~��
68�/02!2!"��� �>��� �GC �o�>#%0"���F1 � �>��� ��
 � ��������� � C

� ���^����B@#%�I. ����1/0"�����^)+�����U,././021w35�'.768�Q�#*�X�A/��0"�_�/19��0"�_�8X���1/./��!"���/���Zi
B@��1?�FA ��� �8���']-���5�8�>�802��[\��0"�V��1b����� �����5X�0"��XZ��1/���8��1/XZ����C � �I�'02!2!2�><��I.eK ���'�8A*H��A/0"�
����� �*��1?�80"���	��K ��1-. ��B:��1/. �5T%0"��14H���'02. ��B:B@��1?�V!2�_����02����1e(G���/�8�80%EG� ��!2EG�eK �/1�!2�/0
#;���8�7iu�tim02!Y!2�@EG� �����80"��1vn
p�� �eK �����timXZ�UEG�/0;���_�8��1/.$�80;<���0h!"�_35�'.768�x

cNK �/1$��0"�5.eKMH���'02. ��1/XZ�U!LK ��� ���8�I�'H��#;��1/.9n
p ,S�	T%0"��1e(/B@��0L(76��_�8��02�FXZ�UEG�eK 02!a&b�:./��1/�	!"� � ������1eC

� A/��X��/1P��./B@���`#%0"���/����B@��1?�`!"��T%0"��1O[l��1/.*H�b. �QXZ�������b�'H��#;��1/���-���@1eK �����
#;��� ���8�/0"�G�8�5!LK 021?�����8�8��<��>����0"�8�+#%!2�/�!"��021eCGD+1-��1 [\��1?�	XZ��#;��1/./��1?��(G��T%�8X�� �'H��B@��1?�
XZ��1/�8X�0"��1?�^EG� �`. �`�8������0"�IXZ�`EG�eK 02!Y&d�-./��1/�+!"� � ������1d#;��� �5�8��1/. �8�NA ��� �8���']
B:��02�@0"<�1 ������1?�:. �$EG� ��!2!"�Q[\�*TXZ��1 XZ�$EG�eK 02!V&P�R./��1/�@!"� � ������14#;��� �@�8��1/. �8�
A ��� �8���']-#;���8�`����� �5. �UBbs��B@�UXZ�������NEG� �����80"��19n
p 35�'.768�'(�6�KMH���8�/./0"�^!"� � ������1 ��N!2�NB:��. �����8�'(W6��^1eK ��1QXZ��1/1/��02�#%���*��1/XZ���8�^����� �
!"�_XZ��1?����1G�dB:��02�	#;���']Giu�8�e( ��K 02!;���_#%!2�Ws �"��(/B@�_./0"�8�IXZ�UEG�eK 02!;&Q�@. �U�80;<���0Y./��1/�
!"� � ������1+x
p �^Ae(eX>K �����U����� �_�802B@#%!"��(;�'H��#;��1/./0"�I!"�:35�'.768�b. �:����19��0"�U!"�@#%!2�/�S6��W&����'];(h02!
&d�Q�/1dT;���/EG� ���^. � �/��� �I�GH��X�A*H�����UEG� �`B:�QB ����8�@BbK �Q. ��1/1*H�`���I!2�-. ����1/0 ����8�
!"�������8�UEG� �_BbK �@[\��0"�	#%�>�8����1/0"�FB@��1b��� ����5X�A ���+��B:0Y�5Te./�/!2A/��A5q

p cNK �>#/� ����+�/1 �^[\�>T%!"�_rk� ��EG� �:|L}d���/1 ��� �8&�(h~����>�?��C



�W�d� � �����������

���� ���
	���������
� 2 �  �   ��� �� � ���>0 � � � ���� 2 � � �  ���� �  � ����� 0 � � 
 �&2 � � � � �  � � � � � � 2 ��� � 
����� �&2 � ������  ��  0 � � � �  � � � � 2� �  � � � �  ��  ��� � �  � � 2 ���� � �&2 � 0  �  � � � � 2 ��� ���� ��� �&2 �	��� � � 0 � ������  � � �� � � � � 0  � ������  �� � � �  �� �&0 � 2 �

� � +  � � 0 � 2 � �  �&2 �  � � �&2 � �&2 �&0 
�!  � � 2  ����� � � �&2 � ��� ���� � � � ��� ���� � � �  �	�  � �  C ����  ���  � ��� � � �  � ��  � �
0  ��� ���!����   ����� 2�� � � � 2 ��� ���  ���"� � 
�� ��#� � � 2 ���� � 2 �!���!���� �   � �#� �  � ����� 0 � � 
������  
 � � �&0 0 � ! � � � � 2 ��� 2 � � � � � 2 �
�&2 � ��� � �   2 � �  0 � � ��� � � � � � � � � 2 � 2 ���� � � �&0 0 �$� � �&2 � 0  C % � � � ��� ������  0 � ����� 0 ��� � �� �   � ��&�  � � �'� � � ��� 2� � � � � � 
�� ��(� 0  ��� � 2 � ���)�  � � � � � 2 �&0 �  
 � � �&0 0 � ! � � � � 2 �  ���  2 ���� ��� 2 �  � � �� � � 2 ��  *� �
��� � ����� � � 2   �&0 ���	
 �&2 �
��� � �  � �� � � � �  
 C � 2  � � +    2 � � � � � � 2 � ��� �� 3 �  ��� ��� 0 � ����(� � 0 � � � 2  � �����  � �(� � 0 � � � 2  � �����  � 2 �  � ����(� �&2 �  �  ��  � ��� �����  � � = � � � % �-,/.10 0 � �� � � �  � � ��  � 3��   � � � 2 �2�  � � �&2 � 0 � � � 2  ����� 0  � � �� � � � � � � 
��  = C43 �� ������  � 2  3 ��
  ��  2�� ����(��� �����  � 2 �  � ���� 0 2 �  � ����(� �&2 �  �   ��� 2 �&0 � � � �� 0 �  � 2 � �$5  � � ���� = �   � ����  � � � � �   �&2 � �� � � � �� � � � � � ��� �  � �  � � �&2 �>0 �  � 0 �  � 0 ��� � �&2 � 0 � �� 0 
 ��
 �  � �� � � �&2 � 0 �� � �  �� C�6��  �  � � � 2 � 0 
�� � �&2 � 0  � 
�����7� � ���
�8% �-,/. � � 2 �   � �   2 ��� � �9� � � �� �   ��� � 2 ���� ��� �&2 � �&2 � 0  �  � � � � 2 3 �  ��  2 � � 2 0 ���� ��� �&2 ��� � � � )�+?���� � � � � �  � � �� = � ������� �  � ��� �  � �  � � ���� �  � 0 ��� � � � �  ����:� � � � � �   � �   ����������� ��� � �(�;� � � 0  % �-,/.10 � 
�� 
� �
�
�>0 � ���� �   � � � � 2 �&2 � � 2 ���� ��� �&2 �  � � � �&0 �  � � � � 2 C
3 ��� 0  � � � � � � � � �>0 � ������ ���$� "  0 � �&2 � �� � � �  �&0 (� � �  2 ��&���  � �  � �>0 � � � � 2�� 2 � ����� � �&2 � 0  C<3 �� 
 �    �� 0�  � � �� � ��� � ��(� �   � ����� ���� ��� �&2 � �&2 � 0  �  � � � � 2 ��� � ���  � 2 ��  �  �� � ������=��� ��� �  � 2 � ��� � � ���� 2 � � ����  � �� � 2 � �$��� ���  � � ��� � � � �&0 0 �$� � � � �&0	0 � ����� � ����  � � 0 � � � ���� 0 �  ���� � � 2  �  � 2 � � /� � � 0 � 2 � �&2 � #  � � � � � 

���  � � � �  �� 2 ��   � � 2 ���� % �	� � ��� �   �>C�3 � � �
� � �   � � � � � 2 � � � � �  � � ����#� � (� ��� � �>��  � � 2 � ��� ���� �  � � �4� � �������� 0  � � � � � �  0 � � � � � � ��� 0 
?����� � �  ��C �  � � � � � �� � � � �>0 � ������  � � ���� ����� 0  � � � � � � ��� ���� ��� � �  �  @��   2 � � �&0 0 
 � 2���  *�   � �  � � �BA �$� � � �&2>2  0 � ��� �>2 ���&2 � � 2>0 
 � 2 ���� % �	� � ��� �   �>C�3 ��>� � � � ��� � � �  � � � � � �� % �-,/. � �  >��  

�>2 ��� � � � 2 � 2 ���� �  � A � �  � �&2��    0 � �� � ��� ���� 0 �$� �  � � ����� 0 � � 
C���  � �  � � � � � �� �  0 ����� �  � 2 �  � �  � � �� ��  � � � 2 ��'� �  � ��� � �  � � �7A �$� � � �&2>2  0 � C � � 2 ��  �  0 
�� � � � �>0 � ����1�  � � ���������� 0  � � � � � �  0 � �
� � � � 2 � � � �  � �� �
� 2 � �&2 � 0  � 
����� � ���$� � � � � �  � � � � � � 2 ��� ���� �  % ��D % � --E   � � � � � 0 � �  ��� 3 � 0 � ��� � 0 
 � � ����  = ������ 2  ����  � � �� �
% �-,/. � �&2 � �������� �&2�� � � �����  � �(� � � �  �4�  � � ���� � � �  � � � 
 ���� � �   �  0 
 � � +    2 � � � �� �  2 � �  � �   � � � � 2 ������� �	� �>0 � � � � 2 ��� � �&2 � 0  � 
����� CF3 � � � � � 
 � � � 0 
 ��� � � �10 �  �� � �  � ��� ���� � � +    2 � � � � � � 2 ��� % �-,/. � � �
� � �����   � � 2 � � �  ���� � � �&0 0 �$� � �&2 � 0  CBG 0 �  �� � �  � �������� �����  ���� 2  � � 
 � 2 � 2 ��� � � � � � �>0   0  �  2 � � ��� ����� �&2 � 0  � � � �>0 � ����1�  � � ���� % �-,/. � ��� �� � � 2 ���   0 � �� � ���=�  � � � � � 2 �&0 �  
 � � �&0 0 � ! � � � � 2 C � �  @A  � � � 0 � �� 0 
 � � �  � � � � 2 � ��� ���� � 2 �   �  2 � �&0 �  0 �>�  � � � � � 2 � �  � ��� �� � � 2 ���� �  0 � � 2 �   � � �  C

	 
�����7�  � � ���� �  � 0 ��� � � ��� �� � � � � 2 5  � � � 2!� � �&2 � 0 �� � � 2�� " � �&2 � 0 
 ��� 0 �   ��� �&2 ���� � � � � � � � �  0 � C�% � � ���� �������
  ��  2�� ���� �   �  � � � � � �� � � � �>0 � ����(� ��� � ���  
 � � �&0 0 � !  � � � 0 �$� �  ���� �  /�  � � �&2 �>0 �  � �  � 0 ��� � �  0 �H�
�&2 � �   2 ��� � � ��� �  ���� �    ����� � �&0  2 � � ��� % �-,/. � � � � �>0 � ����(� � � � �  �  2 � 0 
 ��� � � � �� ��CB3 ����  ��
  ��  2�� ����
� � �  �  ��� �  ��� � � � � � � � � � � ��� ���� ��� �>2 ���&2 � �  �����	��
  ��  2  0  � � � � �����  � � � � 
����� CF3 ����  � � � �>0 � ���� �  
0 � �� 0 
 � ��� �  � �  � � � � �&0 0 �$� 3JI&0 � ����� � ����  � � I =-�  0 � � ��� � � � �&2 �  �  � ��� �� � � 2 � � � � � �� 2 �&2 � � ���� 2 � � ����  � �
� ���  0 0 � 2 �   �� � � ����
 �  � �� � �&2 � �  � 0 ��� � �   � � ��� � ���� CLK  2   � �� � � 2 �   0 � � � �� 0 
 ��� 0 �  2 � �  � 2 �  2 �H� ������ �  0 � � �   2 ��� ���>0  ��� � � �  � �� �$��  0 � 2 � � � � � �&2 ���� �&2 � �  @��   2 � � �&0 0 
 �  
 � � �&0 0 � !  � ���M� �  *� � ��� �  � � � � � ����
� 2 ���� 0 � ����� � ����   � � �  0 � CN6�� � � � ��  ���� 2 �� � � �  �������� �� ��� �>0 � ��� � �  � �&�  0 0 � 2 � � � � 0 ���� �&2  � � �� �  � 2 �� �  � � 2 �&0 � � � � 2 � �  �   0 � �� � �  2 ���H��� �� � � 2 � C

���O P/QR���SUT
V
����WXSYQ

G�� � � � �'� � ��� �  � �������� �  ��  2 � ��� 
 � � � �&0 � � � �  0 � �  � ��� � � � � 2 � � � � �  � � � � ���>0  ��� � �  � � �&0 �  0 � � 2 � ���
���� � �&2 � 0  � �   0 � � � �� 0 
�� � �&0 0 �$� �  � ��� 3'Z #  � C[ �1= �  2  � ��� ���� �&2�� � � �   ��� � 2 � �� 2 ��  � C � � � ��� 2  ��� ����� � � � � � � �  � �&2 � �  �������� �� � � ��� �>2 � ���>0  ���  ���� � �� � � � �&0 � � � ���� ���
�����\ �  ��� CL3 �� ����  *� � � 
 2 � � � � �&2 �
� �� � � � �&0  �>0 �� ���$��  2�� 2 � � � � �&0 � �  � ��� � � � � 2��&2 � �  
 � � �&0 0 � ! � � � � 2!�     � � � 2 ���>0 
��  0 0 �>2 �   � ��� � ��C]3 ��&� � 
���$� � �  � � �&0 �  0 � � �  �   � � ��^�  � � ���� � �&2 � 0  �&2 � � � �  � �� ��� ���� �  � � �   � ��� 2 � � � � � � � �  !� � � � �  
� � �  � ����� � � � �&0 ���� 2 �� � � C:%  0 � � � �  � � � � 2�� � � 2 �   � � � 2 � 0 
   ����� 2�� !  � � � � �� 
 ��� � 2 ��  �  ������� � ��  � 0 ��� � � �&0� � � 2 � � �   ��� % �-,/. �C_ � � ���$��  2 � ������ � 
 ���$� � 2 �   �  2 � �&0 �  0 �=�  � � � � � 2 � �  � ��� �� � � � � �  � � � � �  � ��� �
� 2 � � �&2 � 0  � ���  0 0 � 2 � � � �;� � 2 ��  � � �=� � ��� ���� �  ��� � �  ���"� � �&2 � �  � � � � � 2 � �� � @���     � � � � 2 ������!� �  � � �� C
3 ����  �  �������� �� � �&2>2 ��� � �� � �   �� � � 2 0 � � � � ����� ��� �  �  CXK  �	����
 � � � �&0  ���   � �  2 � �(� �&0 ����� � ��� � �   �&2 � � �  



� ����������� �W� �

� � � �  � �� �&2 � � � @� �>0 ��� � ���  *� � 2  0 �  ���� � �&0  � �  � � �&0 �  0 � � � � �  � � � � � � 2 � 3  C � C E �  � 
 ����� # ��� ) = �X� � 0 0 �  � � ���>0 

2 (��  �  ���>0  ���  �� � 0 �� �  0 � � � �  � � � � 2 � �  � � � �  �� � � � � � �&0    0 (� �&2 � ��� � ��  � 0 ��� � � �&0 �  �������� �� 3�� ��(�� � 0 0 � � ���  �(� � C  C ������ � �&0  ��� ������  ��� 2 � � ! ���� � �&2 � 0  �   � � ��� � ���� = � �&2 � �   0 �  �� 0 
 � 2 �  2 � � � � ��
��� ���� �   � � � 
� �� � � � �&0 ��� � � � � � � � � 2 ��� ���� �  0 � � C . 
 ������ � � >� � 
�� 2�� �   � � �&0 � � �  0 �(� � 2 � � � ������ ���� �   � ��� 0 ���� � 2 �   � � 
� 2 ��� � � � ��  � � �$�   �&2 � ���
����  � �   �  � �	��� � � � � � � � � � 2   � � �� � � 
 � � ���� � � � � � �&0 ���  *� �&0 � � � � �&2>2 ��� 
���� � � �>0 � ������� � �� ��� 0  � � �� � � � �&0 (��� 0 � � � � 2 ��� �  0 � � � 2 ��� � � 0  � �  ��� 2 � �� � 
 � �� � � C

� �$� � �&2 �  �  ���  ���� � 2 ��� � ��"  0 ����3 �� � � � � �>0 � 
 ��� 2 ��  2 ������ � � ��  �&2 �� ��� � � � �� �&2 � � � �  � � �&0 ��
� 2 ��� 0 �� � � 2 �  0 � � � �  � � � � 2 �  �������� ��(� �����������  � � ���!���� ��� � � 0  � � 2 ��  � 0 � 
 ��� � �   � � � � � �>2 ����� ����
 � � ��� 0
� �� � � � �&0 � �  � � ���  � � 2 ��   2 � ��� �&2 
 2 � � �  �&0 � 
 � �� � CBG � � ��� 2 �  ���  2 ���� � � � � ���	�  0 ���� ���9� �>0 0 
  ��� 0 �  ��� � � � � �  � ����� � � � �&0 ��(��� 0 � � � � 2 � � ��� � � � 2 � 0  � ������ � _ � ������ ���   � �  2 � �&0 �&2 �  � � �  � � �&0 � � �  � � � ���� 2   ���� �  ��� 2 ��� � �� � � � � �>0 � �&2  � � � 0 
 C:% �&2 � 0  �  � � � � 2 ����� �	��� � � 0 � ������ +   � �>2������  �	� � �  � �>2�� � 
 ��� � � �   �� ������� ��� �  � 2 ����� �  0 � � � �  � � � � 2!� 2 ���� � � �&0 0 �$� � �&2 � 0 �� �&2 � ��� � � � � ��� � �  � � � �  � �&2 � � � �  � � � ��� ���� � 2 ��  � 0 � 

� ��'�   2 �  0 � � � �  � � � � 2 �&2 � � ��  � 0 ��� � � �&0 (��� 0 � � � � 2 C E �  0 � � � �   � � � � � 2 � � 2 �	��� � � 0 � ���� � � �� �   2 � � �  0 

� �  � ��� � 2 ��  � � ��� � �>0  �  � � �&2�� � � � �&2 � �� � � ��  � �� ��� �  0 � � 0 � � ��� 2 � � 
 � �� � � � 2 ���� � �&2 � 0  3  C � C���� ��� 0 � �(�# ��/�� = C E �  0 ��I (� � �  2 �� I � � ����� �� � � @� �>0 � � � ��� �  0 � � � �� � 2 ��  �  �� � � � � 2 C � � � � � � � � �&0 0 
���� 0 � � � �� � � � =� �� 2
2 ��� � ��� ��� � � �� � ��� � �  �	�   � ��  � 0 ��� � � �&0 � � �  � � ��  � ! � � � � 2 �&0 0 �$� � 2 � � � ��� �� � � � � �� ���������
 � � ��� 0 � �� � � � �&0
��� 2 � � � � � 2 �
��� � � �  (� ��� 0  � ���  � 2 � �  0 � � � �  � � � � 2 � ��� � 2 ��  ���� ��� � � � � � � � � 2 �������� � �   2 � �  0 � �(� �� � C C C C � 2�����������  � �&2 � � ������� � ��� 2�� ��� �� � � 2 � ��� �	��� � � 0 � ���� � � 0 � �� 0 
 2 ��� ���� � �  � � �  ����� � �&0  2 �
��� �&2 
 � � 2 � ��� �  ��  2 � 0
��� 
 ���� �&2�� � � �   ��� � 2 � �� 2 ��  �&2 � ��� � � � � 
 �  ��� 2 � � �    � � � �&2 ������  �   � � � � 0 � � � � � � � � 2 ��� ���� � � @� �>0 2 �������
� � �   � � � � � 2 � ��� 2 ��� � �� � ����   C �    � � ��� 2 ��� ��  � 0 ���	
 �   � � ���� � �� �&� � 
���� (� �&0 � � �� � 2 � � � �  � �� 2 ��	��� � � 0 � �� ��� � � � �&2 �    0 (� �&2 � ��� ���� �� 2   �&0 �  � �>0  � ��� � � � �&0 ���� 2 �� � � � 2 � � �   ��� � 2 � ��� 2 �� � �H� � � � ��(��  ���� �   � � � ��� � ��� 2�� � � �� � � 2 � C

3 � � � �  � � ��  � !  ���� 2 � � �   �������� �  0 � � ��� � � � �  � �>0 � �� � � 2 � �  � � ��A �$���� � � �  �� �&2 � � 
����� � � 2 ��� �  � � � �&0 _���� 
 �   " 0 0  � � � ��� � � 2   �&0 � ���  � �>0 � �������� � � �  �� � 2 � � � � � � � ��(� � � � �>0 � ����  � ����  ��� �&2 �  
 � � �&0 0 � !  � �  
I �  ��!  2]I �  0 � ��� � � � ��� 2 �  ���  2 ������ ��� 0   ���"� ��� � � � � � � � � 2 �&0 � 2 ����  � � �  � 0 
 � 2 A �  2 �� � � 
 ���� � � ���&0
�  �	� �  � � � 2 � ��� ���� � � � �>0 � ���� � � 2 ��� ��� �   � � �� 0 � ��� �>2  � �� 0 ���� �  � � � ���  
 �&2 � �&2  � � � � � � � �� � ��  ���  � ��� � �
�&2 � � � �  �	�  � �  � � � � 
 � � � � � 2�� � � � �&2 � �>2 � ��� � �����>0  �     ����� � � �� ��� �&2 
   0 � ���>0  "  � � �  �   � 2 ��  �  �� � � � � 2 C
% �    0 ��� �  � �� � � � �  � � ��  � ! � � � � 2 � � ��   ����  � ��  0  �  2 � �&2 � � � �����	�  � � � � � �� C

� � �   � �  �&0 � 2 ��� � ��� ���� � ��  � 0 ���	
 ��� �  0 � � � �  � � � � 2 � �  � � � �  �� � 2 � �&2 � 0  �  � � � � 2 ����� �	��� � � 0 � ���� �  
����� ��#��(� ��� � � �   � ��� ���� ��� �>2 ���&2 � 0 � ��  � � �   � (������ � ��� ������  0 � ����� 0 ��� � �� 3  �� � ��� �&0 �   � � ��� � ����(� 0 � 
�   �� �����  � �(� 0 � � � �(� C C C = CX3 �� ��� � �������� �  ��  2 � � � �   � � ��� � �  � 0 
 " 0 0 ��� � � � � � � 2 � �  � 2 �$� 0  � �� ��� ������	��� � � 0 � ��  ���  ��C��  �&2 �&0 
�!  ��� ������ � � �  �	�  � �  ��� � � � # �  � � � � � � 0 ������ � �&2 � 0  I�� 
����� I �  2 � � 0 0 � ��� 3�� C  C��&2 
 � � 0
�  � � ���	� � �#�� � � �     0 � �� � ��� � �  � �>0 � � � � 2 ��� � � � 0 � � � �� �  0 � � 2 ���� � �&2 � 0  � �  ! � �  � � ���� = ��� 0 0  � �� � �&0 0 �&0 � 2 ����� ��� �&2 �	��� � � 0 � �� � 2 �  �   ��� � � �  � � ��  � ! ��  �	�   0 
 ���� 2 � � �   ���F���  *�   >�  0 � � � �&2>2  0 � � 2���I � 0 � ��� � � �&0 I� � � �  �	� ��� � �&2 � 0   ���"� � CX3 � � � ��� � �   �� 2 � � ���� �  �� 
 �&0 0 �$�  � � � ��� �&2 �M�   � ��(� ��  
 � � � � 0  ��� �� � � � 2 � � 2
� � � � � � � � � � �&0 0 
�� �>2 �  � � � � � � C	� � � � � �
���� 2 � � �   �&2 � � � ��  � � � 
 ��� ������  0 � ����� 0 ��� � �� �
� � � � � �
���� �  �  0 � � � ��
��� �>2 ���&2 ��������� �  &� � � � �&0   0 � � � � 2 � �&2 � ���� �  � � � �  � � � � � � 2���� � � � �   ���� � � � 0 � � � � � � 2 � ��� ������  ��� � � ���  ���� ����  *� �&0 � �  � � � �   �������� � � �&0 0 �$� � �&2 � 0  �  2  � ��� � � �   ��� � 2 � �� 2 ��  �� � � � � �&2 �  � 2 ��  ��� 2 ��  2�� 2 ����� 2 � � �   ��� ���� �  � �   2 � �  0 � � ��G   � �&2 � 0  � 
����� � � @� �>0 ��� ��� 2 � �  ��� 2 ���� �� � ��� 2�� � � �� � � 2 � �&2 � � � � � � � � �(��� 0 � � � � 2 ��� ���� ��� �&2 �	��� � � 0 � �� ��� � � � "  � � �  �   � 2 ���  *� � � � � 2 ��� 2 ��  2�� 2 �!���� � 2 ��  � 0 � 
 � ��'�   2 �  0 �� � �  � � � � 2!�&2 � � ��  � 0 ��� � ��(��� 0 � � � � 2 � �&2 �   � �  � � �4�  � � ������  ��� � ���

���� � ���� WXSYV
	�� SY
�

3 �� ��� �&2 �	��� � � 0 � �� �  � � �  ���  � 2 � ���� 0 � � ���'� � �  � ��� �� ���� � �� � � � � � �  � �	��� � � 0 � �� � 2 ����)� �  0 ��C � 2� � � ���������� � �H� � � � 2 � ���� �� � � � �   � � (������ � ��� ��� � � �	��� � � 0 � �� 2 � ��� � �   �� 2 � � �� � ��  � 0 ��� � � �&0 � � � � 
 ��������� �&2 � 0  � 
����� ��� ��� �&2 � � � �   2 � ���>0 � � �� � � � ��� 2 �$� C��  � � 2 ��� ��� 2 � � �   � 2 ��� � � � ���  �  (� � (� � � �   �� ��   �  0 � � � �  � � � � 2 �� � � �  �� �   � �� �  � �  � � 2>0 
 ���  ���� �  �  �  2 � � � � � 2 � �&2 � "  0 � � � �  � � ��  � 3  C � C	��� ��� 0 � �(�# ��/�� � �  �>0  2    �&2 � , ����� 2 �$� � �@!�� # ��� ) � � 0 � @��� 2 �  �� �&0 � # ����� ����� � ���  0 � 2 �� �&0 � # ����/ � ��� ��� 0 � �
�� �&0 � )  � � = �



�W��� � �����������

� �   ���   �  2 �� � � � � 2 � � ���$� 2 ��� � ��"  0 ��0 � ����� 0 ��� � � �&0 � ���  *� � 2 � � � � 2 � �  #�   ���  2 � 0 
 � � � 0  ��� � 2 � �&2 � � � 2 ����
� �� � � � � �� 2 ��� � �	� � �  2 � ��� �  � � �&2 
   0 � ���>0  � ��  ���� 2 �� � � � � � �&0 � � �� � ��� 2�� � ��� 2 � 0 � � � � 2 ��� 2 ��  2�� 2 � ���� �  �  � � � 2 C

3 ��  � � � �� 2 �� ��� � � " � � 
����� � ��� ��� � � �� � ��� ��� �&2 � �   �  2 � � 2�� ���� � � � � 2 ��� � �� � � 
  �  0 
 � �  �� 
��  �
3 � �  ��  � # / +  � � � 0 �  � � � # �� �/ ���  ��(� # � ) / = C�3 �� 
 � 2 ��  �  ��� � ������ -�� � � �  �� � �  �� �>0 � � 2 �)�  � � � � � � � � � � �(�� 2 � �>2   0 � �� � ��� ���� �  
 � � �&0 0 � ! � � � � 2 �������� �>0 �  � � � " �  ���"� �(�F� � � � ��� � 2 � � �  �  2 � �� � � ���  �  � � C � 2 � � �
� � � 2    � ��  � 0 ��� � � �&0 � � � � 
 ��� ���� ��� �&2 �	��� � � 0 � ���� ,  � 2 � �  � � 3 # ����� = � 2 ��� � �� � ��� � � I  � �  � � � �
� �����  � I � 
�����
�  � ��� � � � � � 2 ��������   � � ��� � ���� �   � �  � � � �>0 �  0 
 ��� �>2 ���&2 � � 2 � +  � � ��� � �"��! � 2  � 2 ���� I �>0 �  ��� � � � � � � �  ��������
�   � � ��� � �� 0 � �����  � ��� 2 � � � � I � � � � 0  �>0 �  ��� � � � �  ���"� � 2 (��  ��� � �  � � � 
����� � 2 ���� 0 � 
�   � � �����  � � C �  � �  ���� � � 0 �&2 � ������  B0 �  � � �  2 � ��� � � � � �  � � � �B� � (� ��� �   �� 2 � 3 � � � 0 �  �� � �� � � � = � 2 �  � � � � 2 ��� � �����  � � � � � � � � �
� 2 ��� � � � � � � 0 �   3 �   0 ��  *� � �&2 = �   � � ��� � � � � � � 2  � � � � � � 
 C]3 � � � � � � � �   � � 
 0 � ���!� � � (� � � � 2 ��� ������ ��� 

� � � ,  � 2 � �  � � � � � ������'� �>0 0 
 �  � � 2 � �  � �� � ��� � � ���� �   � � ��� � � � � �&2 � � �����  � � � �>2�� � � � �&2>2 ��� �  � 2 ��  �  ��� � � 2����>�  � � 
��� � � � 2 � 0  � � � �>0 � ���� ��� �� 0 � �� � 2 ����/��� 0 � �&2 � 0 � 0 � ��� 2 � � �  0 � � �	� �>0 �  � � ��� � � � � � �� �&2 � � � 0 �  �� 0 

��� 2 �  � � � �� � �������� � (�� 0 �	� �  2 ����� � � �   2 ��� 2 �� � � � ��� � � � ���� ��� �&2 �	��� � � 0 � �� C$G�0 0  � �&2 �&2 � �����  � 3 # ��� ) =
��� � � 0 ��� � ���� � � � � �   �  � � 2 � 
 ,  � 2 � �  � ��_����� 
 � ���  *� � 2  � ��� � ���   � � ��� � ����7�   � ����� 0 � �  � �� � � �  � ����  �   � � �  � ��� � 3JI � �&2 � 0  �  ���� �  �� I = �&2 � � �� �  � �  � � 2 ���� �   � � ��� � �� �>2�� � � � � �   � � ��  � � � 
 ��� I�� 2 �  � � � �� I
0 � ����� 0 ��� � ���� � 2 ����� � � � � 2 ��� � � +    2 �>� � 2 � � ��� � �����  � �(������ 
   � �  �� � ��� � �  �  2 ���� ��� ��
  ��  2�� ���� 3�� 2 � 0 � � � 2 �
��
  ��  2�� � � � � �&2 � � 2 � � = �&2 � ��� � �   I (��� 0 �� � I�� 2 �  � � � � 2 � 3�� � �  � ���� 0 �  � 2 � �$5  � � ���� = CN3 �� 
 � ���$�  � � � 2 ����
2 �  ����  2 � �  ����� ���� �	��� � � 0 � ���� ��� � ������ � �&2 � 0  � 
�����(�]� � � ��(��  ���� �  ��� � � � � � � � � 2 � �   2 ���  �� �  � � �� � ������� 2  � ��� � �  ��� � � �������� � �&2 � 0 $D �  � � � � � �>2 ���  
 � � � 2 ,  � 2 � �  � � � � � � � � �   �&2 � � 2 ��  �  ��� � ������ 7�� � � �  �� � 2
� � � �   2 � � 
�� � C  C�� � � � �&2>2  0 � � �  � � 
 � �&2 � 0  � �  � � �&0 �  0 � � ���   � � � ������ �  � � �� C�3 � � �B� � 
 ��� ��� � 2 � � 2 ��� � ���� 0 0 �$�  � � 
 . � � � �   �&2 � � � 0  � �&2 3 # ��/ # = �&2 �=K   ���  
 3 # ��/&% = � ��� � ��� � �  2 �� � � � 2 ����
� � � ����  2 � �  � ��� �����	��� � � 0 � ����������� � � 
"  0 �   0 � � � � 2 � � � � � � � G�0 0  � �&2 �&2 � �����  � 3 # ��� ) = � � C  C  �  0 
&�  � � ��  � � � � � 
�����  � � 0 � �� �
���  � 2 � �  5 � � � � � ��  ���� � � ��� �� � �   � � �   � 0 � � � � � � @���  *� � � � � 2 ��� ���� � �&2 � 0  �   � � ��� � �������� 0 0 �$�  ��� 
!����
� 2 5  � � � � 2 ��� � �����  � � � � 
����� ��� ����� ��&� �  � ���>0  � � 2   �&0 ��� � � �&0 ��� � � � � � � � � 2 3  �&2 � � 2 �=�  � � �  0 �&2 � 0 �  ��� ��� 0 � ������� � �����  � 2 �  � ���� = C � 2 ���� � � � � � ��� � �>0 �  ���"� � � 5 �   0  �  2 � ��� � � � . � � � �   �&2 � � � 0  � �&2 3 # ��/ # = � � ������ �� ���� � � � �&2 � 0  � 
����� �   �  � ��� � � � ���<A �$� �  
 � � �&0 0 � ! � � � � 2 ��� �&2 � 0 � � � 2  0 � � �  ����� 0  � � �� �  � ��� � � ��� �  ��� 2 � � � � ���  0 � � 2 � ��������  �� � ��� �&0 �   � � ��� � ���� ����� �� � � +    2 �1�  � � ������ �   2 � 0 ������� � ��� ���� �  � � � �&0 �  � � � � 2 � ��� � �  � ���
�  � � �  � � � � CXK   ���  
 3 # ��/&% = �  � �  � ��� � � ���� ��� � � � � � � � � 2 ��� ���� �  0 � � �  � �� 0 � 2 �����  � � ��� ���� � �&2 � 0 ��  � � � � 2� � � �  � � � � � � �&0 0 
 � � � � "  � � 
   � � � � � 2 � � ��� ���� ��� � � �   � � ��� � ���� � � ��� � � � ��� � �����	�  0 �������� � � �  � � ��  � ! � � � � 0 
����� �  �  � � � 2 C � � 	 � � � �  2 � �-�  � � ���� � �  2���2�� ��  � � � 
��<� ��� �   �� �>0 � � �   � � � � �  � !  � � 2 � � � � �  ��� �&0 3 # ��/�� = �  �" 2  � ���� � �� �  � � � � � 2 �&2 � � 0 � ��� � " � � � � � 2 ��� � �&2 � 0  � 
�����&_����� 
�� ���$�  � ��� � ������ ��� �>2 ���&2 �� 0 � � � 2  � �����  � � 
����� �    ����� � �&0  2 ����� ���� 0 � 
�   � �  � � � �&0 � �����  � � � 2 ��  *� � ��� � � ���&0 ��� � � � � � � � � 2 ���  �   ��� �  
 � � �&0 0 � ! � � � � 2 �&2 � ��� � � ���� � � � � � � � � 2 �&2 � �  ��� �� � ��� � � ���� 
)�    � ��� �  � �  � � ������ � � >� � 2 � ����� �  0 � � C
3 �� 
   � �  �� � ����  � � � �� 2 �� ���  �   � �����  � 2 �  � � � � � 
����� � ��� �  � �  � � �&2 � 2 ��� � � � � � �>0   0  �  2 � � �  � 0 ��� �� � �  ������� 
 � � �  � � � �� � ��� 0 � �� � ��� ��� � � � � 2 ! � 2  � � � � � � � � � C

% �&2 � 0  � 
�����7�    2 (��  ���� � ��� 2 ����� � � ����������  ��� �$�� �  2 � � � 2  � � � � � � �� �&2 � ���� ��� 2 � 0 � � � � 2 � �  � � 2
� 
 ������  � � �����  �>�    � � �  � � 2 � ����� �� 0 � � � �� � � � � �>2 ����� �&2 �&0 
�!  � � � � � 0 �� C��  � � �  �� � � �  � 
 � �� � � � � �� �  �� 
 ��� ��� �&2 �  0 � � � �  � � � � 2 � �  � � � �  �� � 2 ���� � � ��� 0  2�� 2 �� � �� C �  � 2�� � � �&0 0 
?����� � �  � � 2 ���� % �	� � ���
�   � 3 E � � C # = � ��   � ��� ��� � 0 � �   ��� � 2 � �� 2 ��  � � 2 � 0 � � � 2 � � ! � 2  ���;��  � � � �&0 � �&2 � 0 4A �$� 0 � 2 ��(��� � �   ����� 2�� !  �� 2 ���� � � � � �����
� �  � � � �  �&0 � � � � � �� 3 �  �>0  2    �� �&0 � # ��/�/ � �  �>0  2    � # ��� # = C;3 ��=! � 2  ���1��  � � � �&0 A �$� � �� 2 �$� 2 � � ���� % �	� � ��� � � � � � �  � � � � � � � �&� �  ��� 2 ��� � 2 � ��� � � ���� ��  *� � � � � �  � � � � � 0  ��� � 2 � � � � �  @��  � ������� � 2 ��  �  ��� ���  0 0 � 2 � �  � � �&2�� � �  � ����  ��� �&2 ���!���� � � � � �&0 � @���  *� � � � � 2 � � � ��  2 ��� � � � � ����� �� � � +    2 ��  � � ���� � 2  � � �   �� � � 2 � �  �  � � � � � �  � � � �  � � � �  �� 0 � �� � �&0 � � � � � �  � CL3 �� � @���  *� � � � � 2 � � � ��  2 �  ��!  2 � 2
% �	� � ��� � � � � � � �&0 0 
 � 0 � �   ��� ������ 2 � ���  � �� � � 2 � � �&0 0 � � �&0  ��� 2 �� � � � � 2 � �  �  2 � � 3 , ����� 2 �$� � �@!��� �&0 � # ��/�� �
�  �>0  2    �&2 � , ����� 2 �$� � �@!�� # ��� ) = C:G "  � �  �� �>0 �#� � ����� � ���$� ��� � ������ � �&2 � 0  � 
�������    2 ���  �&2 � � � 0 

� � � �  � � � �� � � �� 2  @��  � � 2 � ���!���� �  �� � ���&0 ��� � � � � � � � � 2 � ��� �>2 ���&2 �� �&2 � "  0 � � � �  � � ��  � C � 2 ���� % �	� � ���
�   � �N� 8�    ���>0  ��� � � �R! � 2 �� � (��  �&0 � � 0 � � ���  � � 2  � �� 2 � � � �  � � ��  � !  � � 
 � � � � � 2 �&2 � 0 � ����� 0 ���	
 C
�    ����� 2�� !  � � ! � 2  �� 2 ��   � � 2 ���� % �	� � ��� � ���  0 0 � 2 �8� ��   ���� 3B0 �  �� 0 
 = � � � � 2 �&2 � �  0 � 0 � � �  � � � � 2� �  � � � �  �� �   ��� 2 � � � � � �� � � 
  �   3�� #!� ��� ���� � � � �  �	� � �  � � �� = ���>2�� � � � 0 �  ��� ��� 0 � � � � � �  � � �1A �$� � � �&2>2  0 �
�&2 � � 
�����(� � �  � � �>2 �  � � 
 � ! � 2  � 2 5  � �� � � 
 ��� �>2 ���&2 � 3���� � � � #!� ��� ������ � � �  �	�!� �  � � �� = � 0 � � � 2 �� �����  �



� ����������� �W�%�

� 
����� (��� 0 � � 2 �]� � � � 
?�  � � ���� � ���  0 0 � 2 �]� ��� � 0 � � � 2 !� �����  � 2 �  � ����&� � ���  �   ��� � �  �  2 ���� ������ � �  �&2 ����  2 �>0  2 �  �  �  � 2 � � �����  � 2 �  � ����(� �&2 � ��� �  ����  � � � 
8�  � � ���� � ���  0 0 � 2 �]� ��� � ! � 2  � � ��� � �� 0 
 � 2 5  � �� �
3�� #  � ���������� � � �  �	� � �  � � �� = � 
 ��
  ��  2�� � � � �&2 � � �����  � 2 �  � � � ���  � � � � � ���� 3 �  �>0  2    �� �&0 � # ����� �
G �  � �� �&0 � # ����� = C �  � � �  � � � �� � ��� � � ! � 2�� 2 � ��� ����!����  *� �&0 � �  � � � �  !�������� � �&2 � 0  �&2 � �������� �  0 �
� 0 � � ��� 2 ��� 
 � �� � CL3  � ��  0  �  2 � � �&2 � � � �����	� �� �&0 0 �$�  ��� ������� �  ����  � � �  � � ��  � !  ���� � �   2 � �  0 � � �&2 �� � �  �� ��� ������ �� � � �>0 � ���� 3 .  2 � � ���� �&0 � # ����� � # ����� = C$3 �� �  ��� ��� 0 � �� 0 � 0 � � � 2  � �����  � 0 � 0 � � � 2  3�� �� � � �� �&2 ����  2 �>0  2 �  = � �����  � 2 �  � ���� ��� ���� � � � �   2 � �  0 � ��� � ��� % �-,/.10 0 � ����  � ��� 0  �  2 ����� � � � � � � � � 2 �(� ��� 2 � � � �� 2 �� � ��� ������  � � � � � 2 � � � � 2 �  ���  2 ���� �&2 � � � �����	� !� � � 2 � � �  �� � 2 ����  �&2 �� ��� � 2 � � �&2Y% �-,/. � 3 .  2 � � � �� �&0 �# ����� = C�3 � � � ��� 2 � 0 � � � � 2 � � �&0 � � ��� 2 � � � �� 2 �7� � ��� ������ 2  �����  0  �  2 �� �&043 # ��� + = � ��� ��� 0 0  � �� � �  � ��
 0  �  2 �
��� � � � 2 ���>2�� � � � � �  � � �-A �$� � � �&2>2  0 � �&2 � � ��� ��� 2 � 0 � �  � ���� 
?�    �  @��   2 � � �&0 �  ��� 2 �#���  % �-,/.10 0 � ���  0 � � C�3 �� ��
  ��  2�� �� 0 � �����  � 2 �  � ��
� ��� ������  ��  2 � � 2 � � � �   � �&2 � �� � � � � � �  � � � � � 2 � � � � 2 �  ���  2 ���� � ���  �  0 

�  
 � � �&0 0 � ! � � � � 2 ��� �  �����	��
  ��  2 ��(� � � � ��� �  � �  � � �&2  � �   �  0 
 �  � 0 ��� � � �&2 � 0  � � �  �� ��� 2 � � � � 2 � �� � � � ����  � � � ��  3 .  2 � � � �� �&0 � # ����� = C ��� ��� � �>0  �� � ��� 2�� ��� �� � � 2 � �B���  ������� 2 �� � � ��� �  � 0 ��� � � � � � � � � 2 ��� �&2 �   
� � � � � ���  � � 
 � (��  �&0 � � �����  � � 2 ������ � � � 3  C � C �� �  �� �� �&0 � # ��/ # ��\  2 (�  � 2 �� �&0 � # ��/�/ � � � �� � � �� � 5@� # ��/�/ �
� � � � �  � �� �&0 � # ����� = �&2 � � �     �� 2 � 0 
 � 
��  0  �  2 �� �&0 3 # ����� = ��� ��� � �� �&0 3 )  � # = �&2 � � �  �  0 ���� 3 .  2 � � ��� �&0�3 # ����� = C � �� � 0 0 ��� �  � � �"� � 2 ��� � � � ��� �  �  0 �$� � �
���� 0 � ��� ����� ���� �  ��  2 � ��� � �>C

K�� �� 2 ���� ������   2 � � � � �  � � � � � � 2 ��� �  0 � � � �  � � � � 2 � �  � � � �  �� � 2 ���� % �	� � ��� �   � � �&2 � ������ ���� 2 � � �&0 0 

� � @� �>0�� 2 ���  *� � � � � 2 ������ �  � � � �  � � � � � � 2 �&2 � ��� � � � � � � � � 2 ��� 2 � ��� 2 �:�  �  � � �  � ���  � �� 2 � � �  � �  �� 
 ��� ����������  �	��� � � 0 � � � � � � ��� � ��� ��� ��� �&2 C��  � � �� ��� 2 ��� � �� � � � 
 � �� � � � � � "  0 � � � ��  ���  � ��� � � �&2 � � � �  �	�  � � � � � � 
���� ���� � � " � � 
����� �&2 � � �  � � �/A �$� � �  � � � �  �� �  �	� � � 2 � � � � � 2 ���� � �&2 � 0  � �  ! � �  � � �������� ��� �&2 C
�  � � �� � �  �� 
� � ������ �  � � � � � � ��� � ������� � �  � �  � � ��'�   2 � ��� � E � 
 �!� 2 ���� � �  ��� �&2 � � ��� � � � ����� � � � ����� � � � ���� � � ��  2 0 � � � � ��� ���� �	��� � � 0 � �� 3 E � � C # = � � C  C��!� � � � �&2 �� ��� ��� � � � � +  � �  � � ��� 0 
 � �  �&0 0  0 ��� ����
� ��  � ���� �  � ������ ���� � �� ��� �!� 
��� ��� � � 0  � 3�� 2 ��  �  �!� ! � � � ��� ��� ���� � �&0  � 0  � � �� � � � � = C 3 �� �  ��  2 � � � �   
� � � � �  � � 2 ���� � � �  �	�  � �  � � � � 
 ��� ��� � � � /� � � � � � 0 ����  ��� 0 0  � �� � ���  � 2 � � ��(�   �� 2 � "  0 � �  � � � 2 �
3 # ����� � # ����� � )  � � ��&2 � )  � # = �&2 � � 2 �� �  � ���� � � �  �	�  � �  ��� � � � ��  (� � � � � 0 
 ��� 0 0  � �� � � 2 ��� � � � )  � � � � � 0 ���  � � ���� % �	� � ��� �   � ��� � �-�    2 (��  � ���>0 � � �� � � 2  � �� 2 � � � @���   C��  � � �� 2 ��� � 2 � 0 � �  � � 2 � �  � �  �� 
���� �  0 � � � �  � � � � 2 � �  � � � �  �� �  �	� � � 2 � � � � � 2 ���� ���>2�� � � � � �&2 � 0 $D �  � � � �  �&2 � � � � � 2 ! � 2  �  � � � �  ������  � � � 2��� ��� � � ���  � ! � 2 3  �� � ��� �&0 ��  � � � � � � �>0 � � � �� =   � ��� 2 � ��� 2 �  �$��  � � �&0 C . 
 ���� � � � C� � 
�� � �  � � � � � ����)�   
2 ��� ��� 2 � � �    � ��   �  � � � �  �	��� � � 0 � � � � � �  � � � �� �   � � � � ��  � �  � (��  �&0 ��  
 � �  � � " � 3 � � � 0 0��>2 �&2 �M�    � =
� ��  ���� 2 �� � � ��� �� � � � 2 � ��� � � � �&2>2 ��� �   � � � 0 
   0 � �� � ��� ������� 2   �&0 �  � �>0  � ��� �  0 � � � �  � � � � 2 � 2 ����� �&2 � 0  C

� �
	 � W ���T���� �����S��Y������
W�� ��Q
T � � SU��� �� W��^��� ��� �������� �8&	
S�� ��� ����� ��Q�� ��QR��� � T � � �8	^�

, �� �>0 � � ����� �  "  0 � � � ��  ���  � ��� � � �&2 � � � �  �	�  � �  � �  �� 
���� ��� �&2 � �&2 � 0  � 
����� �   �  ��  2 �� � � 2 � ���>0 ��# � ) �&2 � �>CX3 ���>0  # � � � 0 � � � ���������� �  � � � � 3 ��� = � ��  ���  � ��� � � � 
�� ��  � � � � � 2 � � 2 � �  � � � � 0  � �	� �>0 � � � � 2 ��� � ���
� 2 � � � � � � � 2 ��� ��� �>2 ���&2 ����(� �  � � � � 2 � � 2 0 � ����� 0 ��� � � �&0 � � � � 0 � ��(� �&2 � � � � � � � 2 ��� ���� � 
 � � � 0 � � �  � ���  � � ����� � ���� � � � � �   C � 293 ���>0 �� ) �&2 �1� �]�  �  ��  2 ������ � ��� 2 � � �  � � ��  �
���  � � � ��� ���� # �  � # � � � � 0 ��/�  �&2 �&0 
�!  �
� � ���� � � �  �	�  � � 8_ ���� ��� �  � � 2 � ���� ���
���� � � � �  �	��� � � �  "  0 �   0 � � � � 2 � � � � � 3 �  �  2 � � � � � 2 � � � ! ��   0 � � � � 2� � ��� ���� ��� �>2 �  
  ���"� �(� �� � C C C = � � � � ���� � ���
���� � ��  ���  � ��� � � � �� �  � � � � � 2 3 �� � � � � �� � � � ���&0 �  �	� �  � � � 2 �(��� � � �  �� = �&2 � ���� � ��  � �� ��� � � ���� � � � � � � � � 2 � 3 � � 5 �  �&2 � � � 2 �   0  �  2 � � � ���  *� � 2  � � ������ � � �  �	�  � �  = C� � � ������ ��� � � � � � =�  � �  � ��� ��� 2 � �  � � ��� �  � � � �  � � � �&2 � � � � � C�6 � ����   ���   � � ������ �	� � �  � �>2�� � 
 ���
�  � � � 
 � � � �  0 � ������  " � �  �� ��� � � � � 
 � 2 � �   � �� ��� 0 � � � �� 2 � � �  � � ��  �����)����� � �
� 2!� � � �� 2 � ��  ���  � ��� � �� � � � �� �  ��� � � �� � ! � � � � 2 � � �  � � " � �   � ��� ���� ��� �&2 �	��� � � 0 � �� C�3 � � �1� � 
 ��� �  ��  2 � � 2 � ���� ��� � � � � ��� 
� � ��� � �>0  ��� �&2 � � ��������  0  � �  � 2�� � � ���>0 � � � � � � 2 � 
 � �� � � �&0 0 �$�  � � � ��� 0 � � � � ���� � � � �>2 � ���
" � �  �� �&2 � ���
� ��� � � �� � � � � � � �� �  � � � � � 2 � C



�W�=� � �����������

� K�JLKPO � WN[�� j!] 	 T�Z �hT�b�Zda!Z�b�WN[�����] 	��P_
�`T�Z
� 0 � ��� � " � � � � � 2 � � � �  � �>0  �  2 ��� �>2 ��   � � 
 �&0 0 � ��  � 0 ��� � � � � �  �&0 � 2 ��� � ��� � 0 �  �� � � � �>2 � ���
� � � � 0 �� C

3 � � � � ��� 
�� � � �&0 0 
 � � � � ��  ��� ��� � �  � � � �  � ��'�   2 � � � �  � � 
 3  � � � � � � � 0  �  ��  2 � �(� ��� � � �  �  �   �� �>2������ 
� � �  � � ��  ��� = �&2 � ���� 2 � � �   �&2 � ��� � � 0  � � � 
!�������� � 2 ���  *� � � � � 2 �>�  ���	�  ��� ��� � � �>2�� � � �� � 2 � � 
 2 ������ � �� � 
 ��� ���� � � �  2 � � " � ��� � � �>2�� � 
 C � �  �&0 0 
��  ���"� � 0 � ��� � " � � � � � 2 � ��� �>0 � �  � � � 0 � �  � � � � ��� � �>0  ��� ���� � 0 � ��� � " 0
� � � � � 2 �  �	� � �  ��� 
 ���� � �-K�K 3  C � C�6 �   �"�� � �  2 � # ���!� = C � �$� (��  ����� � � � 0 
 �>0 � 2 � 0 
�����   ��� � �  2 ��� � � � 2 ��������� � �-K�K � ���$� � � @� �>0 ���� 
 �   ��� ��� � ���� 2�� !  ���� 0 �&2 � � � �� ��� � ��  ���  � ����  �(� � � 2 ��� �&0 � � 
 �
���� � � � �
� � �  �	�  � � ��&� � 
!��� I   ��� �� I �!��� � � � �� C � � � � 
 0  ��� ��� � � ��� � � �  � � � �  � �&2 � � � �  � � ��  � ��� �  ���"� � ��� ��0 �� � � �  �&0 � � �  � � ��  � � � � � 2 � � � � ����� ���� �  
 � � �&0 0 � ! � � � � 2 �  �   �&2 � � � � #� �  � � � � � 2 � � 2 ��� � � ��  �	� �  � � � 2 � �  
2 ��� � � �� 2 � 2 ��� � � ��� �>2 � � 2 ���� � � ���  � � � � 0 � ��� � " � � � � � 2 � �&0 ����� � ��� ���� 
 � � 
 � � �  �  1�  �&2�� 2 ��� �>0 � 2 ������  � � ��� � � �  � � " � � � � � 
 0 � � � 0  �  ��� �  �  
 � � �>2 ���  � �� 3�� � #  � � � ���&0 ��� �>2 ���&2 �� ��� � � � �� 2 ��� � � #���   � � � � 0  =
� �&2 �  �  �&2�� 2 � 0 ���� � 2 ��  *� ��� � ��  ���� 2 �� � � �&2 � � � �>0 � 0  ��� ��� � 2 �  � ��� �� I&2 � � �  I � 2 ���� ��� � �>C�G � ���  � � 2 � 0 
��� >� � �>0 � 0 � �� ��� � � �� � � 0  �  � � � � � 2 � � � � 2 � ��'�   2 2 � �  2 � 0 � � �   �&2 � �  � � � � 2 � C�G �B� �  � �B�  �   ��� 2 ��  2  �� � ���  ���"� 2 � � ��(�$� >� � 0 0 � � � 
 � � � 0 � �  � � � � ��� � �>0 
�������� 6 �   �"�� � �  2 3 # ���!� = � 0 � ��� � " � � � � � 2 C � �$� (��  �H� 4� � 0 0
2 ��� � �  � � � 0 
&��� 0 0 �$� ��� � � � 0 � ��� � " � � � � � 2 ��� �  � � � � �  � � � � 0 �� � 2�I  ���"� � 
�� �� I ���� � �  0 ���� �  � � �  � � 2 � 0 � � � �� �
� � � �>2 �����N� � � � 0 � �� C<3 � � ���  � � � � 2 � � � � � �>2 ��� �  2 � �&0 � � � �� ��� ���� � � � � 
 �  � � � �  � � ��� 2 � � � � � 2 � 0 �  �� 0 
 ����
� 2 ��   2 ���� ��� � �/� #� � 0 0 �  ���>0 ���� �  � � �  � � � � � � �&2 � �� ��� �� � � � �&0 � �� � � � �&0 � 0 ��� � C
� K�JLK�� � �eU�V!Wh_`W
	 �`[^]/_ X � �hT�b�Z �eU��

. � �  � � 2 � � ���&0��&2 � �� � � �  �&0 �  � ��  � � �B�  � � �� � �  2 � � "  � � � � � 2 � � �  � � � � 0  � �	� �>0 � � � � 2 � ���  ���"�� 
�� �� �&2 � � � �� �  � � �  � �� ��� ���� � � 2 + � � 5 �  0 � ����� 0 ��� � � �&0 � � � � 0 � �� 3J3 ���>0  # = CL% � � � 3�� �� � = ��� ��� �&2� �&2 � 0  � 
����� �   ��
  ��  2�� ������  � �����  � �(� � � ��� 2 � 0 � �  ��� 
 �  (� � � � ��� �  ��  � C � �  � 
 � �� � � � � � � �  �� 
!� � �� ���$� 2 �����$� (��  � ��� � � ���� �  � ��� �&2 � 0 � � �  0 
 � �" 2  �^I � �����  � � I�� 2 � 0 � �  � � � � �&0 0 
 ���    � � � �  � �&2 � 3�� 2 ��  *� ���� 2�� � �   ����� � � � 0 �� = 0 � ����� 0 ��� � � �&0 � � � � 0 � ��>�  � � �� � �&0 0  � �  ��� ��� 0 � ����(� � 0 � � � 2  � �����  � � �&2 � � �����  � 2 �  � ����(�  � � 2 � � 2 �!��� � � ���� � 0 � � � 2  � �����  � ��� � � � 0 
��;���   � � � � 0 �� � 2 � 0 � � �� ������   ���"��� 
�� ������ �&2 � �  � � � 0 
 � �" 2  �
3 6 �   �"�� � �  2 � # ���!� = � 0 � � � 2  � �����  � � 3 �   3 ���>0  # = C:3 �� � � � � � 2 � � � � 2�� ��'�   2 ������ #� � � � 0 � �� � � 2 ��� � � � � ��  ���
� ��� � 0 ��  �&2 � � � �  -�  �&2�� 2 � 0 ����-� �  � � � � � 2 � � 2 � � ���&0 �  �	� �  � � � 2 �)_ �&0 ����� � ��� �� 2   �&0 0 
 ��� 2 � � �  � � 2 ����
� � � � ����� "  0 � � �� �  � � � � � 2 �&0 � 2 ��  � � �8� � � � 0 
 �  ��  2 � � ��� 2 �  � � �� � �&2 � � �  � � " � � � 2   �&0 ��� � � �&0 ���� � � �  �&0��&2 �"  0 � � � �  � � ��  � � � � � 2 � � � � ����� ���� �  ��� 2 � � � � � 2 �
��� �  
 � � �&0 0 � ! � � � � 2!�&2 � D �  ��� ���� �  � �   2 � �  0 � � C

3 ��  ���"� ���  � � ���� �  ��� ��� 0 � ������ � � � 0 
 �   � � �  � � ��  � !  � � 
����� ��� �  2 �� ��� � � � �>0 � �� � 0 � 2 �	��
  ��  2  3 E � � C) 3�� = �&2 � � = � � 0 � 2 �	��
  ��  2  � � 
 � ��  ��  2 � � � �  �  � �>0 �  �� � 2 � ��� � �  � � 0 � � � � 3�� C  C � � � � 0 � � � �>0 � � = �  
 � � �&0 � 3 E � � C
� 3 � = �&2 � 3�� = = �&2 � � � 
 � � �  �  ��� �>2 ���&2 � � � ������ � �&0 ���� � ��� � 2 �  � � � � 2 3 E � � C�� 3�� = = � � � � �   � ��� 2 � � � � 2 �  
��� � � � 2  2 � � � ���� � � �&0 ���� � � 
�����  ��� � � �  � � �7A �$� � � �&2>2  0 C�3 �� � � ���&0 �  �	� �  � � � 2 �(� �&0 ����� � ���C� �  � ���>0 ��
�  ��  2 � � �  0 0 � �" 2  � �  � � � ��� �&0 � ������ ��� � � � )�+?� � 0 � � � 2  �&2 � � +?� � 0 � � � ��� 0 � �  3 E � � C�% = C�G�0 ����� � ��� ����
�  
 � � �&0 0 � ! � � � � 2 ��� � 0 � � � 2  �&2 � � 0 � � � ��� 0 � �  � � �  �  � 0 �  �� 0 
 ��� 2 �� � � �  �&2  � � �(�"� �� 2 �&2 �  �   �����  
 � � �&0 0 � ! � � � � 2
� �&2 �  � ���  *� � 2  � ��� 0 � � � ��� 0 � �  � � �� 2   �&0 0 
 ����� �  0 � �� � ��� � � &_  � �� �  �&0 ��� � ��� �� �  �&0 � 0 � � � ��� 0 � �  �  
 � � �&0 �(� �&2 � � 2 � � 2 � � ! ��  � � ��� � � �  >C # � � ��� � ��(� � � �� � �� � � � � 2 �&0 0 
 # � � � �   � 2 � 0 � �  � � 2 � �   �  �  � �>0 �  � 0 � � � 2 
�  
 � � �&0 � 3 E � � C�� 3�� = = C 3  ��� ��� 0 � ���� �  ��  2 �7�   ���  2 � 0 
 �  � � � � �  ��� 2  � � � � ��� �
�� � � �  ��1� � ��� �  � � 0 75 �>2 � � � � 2 �
� � #D)  �
� � � � 2 � � � � �
����� ��� 0 � � 0 � ��� ���  ��� 2 � � �>2 ���  � ��   ��� 5 � � � �  2 � �&2 � ��� �� � � �  �&0  ����� 0 � �  � � � C � �� 2 ��� � � � ����� � � � ������� ��� 2 � � � � � ��'�   2 � 0 � � � 2  �&2 � � 0 � � � ��� 0 � �  � � �� 2   �&0 0 
 �>2 �   0 � 2  � � 
 � ��� � 2   � � � � � 2  � � � ��� ��� ��
  ��  2  3�� ����� � 0 � 2 �	��
  ��  2�� � � � �&2 � �  �����	��
  ��  2�� � � �  � � � � �&2 ��� � �  � � ��� � 2 � � � 2 � 0  ��� � 2 �  � � � � 2 � �  
E � � C(��3�� = = C]3 � � �   �  
 � � �&0 0 � ! � � � � 2 � � 2 ���   0 � �� � ��� � �� �  � @���  *� � � � � 2 C

3 �� � 0 � � � 2 �� �����  � �7� � � � 0 
 ��� 2 � � � � � ���� �&2 ������  ��� � ���� 2  � � � �  � � � ���  ���"� � � � �  � � ��  � !  � � 
 ���� ��� 0
�   � � � � � � � � � 2 ����� 0 � � � 2 �� � 0 � � � ��� 0 � �  �&2 � � 0 � 2 �	��
  ��  2  C � � 0 �   � � � � � � � � � 2!� � �  ��� �� � �  � � ���� ��� � � � �>0 � ���� � � �   �&2 � �  � � ����!� ��� �� �  �&0 ��� �&2 �� �  �&0 � � �  � � ��  ��� ������  ���    � � 2   �&0 �(� �&0 ����� � ��� � 0 � 2 �	��
  ��  2 
�  ��  2 � � � 2 � �&2 
 � � � � 0 �� � � �   � 2 ��  � � � � � �&0 � � �  � � ��  ��� �&2 � 0 � � � ��� 0 � �  �&2 � � 0 � � � 2  3 E � � C + 3�� = 3 � = �&2 �
3�� = = � � � �  � � � � 0 �� �  � 2 � �  �&2 � � � � � 2 �&0 � � 2 ��  *� ����� �� � � �  ��<� � ��� � ��� 0 �  ��� ��� 0 � ���� C<% � ���&0 �  �	� �  � � � 2 � �  
����� �� � �  � ���>0 ^�  � � � 2  � 
��� ��� ���� ������  � � �H� ��   �&0 � �]� � � �  ^�   ���  2 � � � ���&0 ��� � � � � � � � � 2 � �&2 � 
� �" 2  � �>2 � � ��� � � � � � 0 
 3 E � � C�� = _ +  � � 0 � � � ��� 0 � � �� #D+?� � 0 � � � 2  �&2 � � +?� � 0 � 2 �	��
  ��  2  C�G�� � � �
� 2 �" � ��� ���



� ����������� �W� �

����  ���"� �N�  � � ������ 0 � � � 2 �� �����  � �N� � � � 0 
 �   � � � � �&0 0 
 � 0 � � � 2 �� �����  � 2 �  � ����(� ��� 2 � ��� 2�� 2 � � 2 ��  � � � � � �&0 ��� � � � 0
� �
�
�>0 � � �  �����	��
  ��  2  � 2 � � 2 �  � � � �>2 � � 3 � 
�� � � �&0 0 
 � ��'�   2 + �&2 � #D+?� �   � � � � 2 �  �   0 
 )  � = ��� 0 � � � 2 � �����  � ���  � �����  � 2 �  � ����F� � ��� � � � 2�� " � �&2 � � � � �>2 � � 3�� +?� � E � � C + 3 � = �&2 � 3�� = = ��� � � ��� � � � 0  �&2 � D �  �� � � ��

3�� 0 �  2�� ������� � � � � �� �&2 � � � � 2 �� � �� = �   ����� �� �>2 ��� � � � 2 C;3 �� �� � � �   �&2 � �  ��� 2 � � !  ��� � 0 � � � 2  � �����  � �
�  
�� 2   �&0 0 
 ��� � ���� 2  � � �F� � ��� � 2 � � � 2 � 0  � 
����� " 2  �  ��� 2  � ��� �  � � � � 3�� ��(� � �>2 �   � � � �  � 2 � ��� � 2 
�  �'� � � � 0 0 � � ���  � = ��� � � � �>0 � ���� �  � 2 � ���� � � � �4�   ���  2 � 3 E � � C + = C � � �  �   �  ��� 2  � � 0 � � � 2  � �����  � � � �  � � � �
� � � �   �>2 ��� � � � 2 C � 0 � � � 2  � �����  � 2 �  � ���� �   � � � 2 � ���� " 2 �� � �  ��� 2  �  ���"� ���  � � ���� � 0 � � � 2  � �����  � �� � � � 0 
�� � � �  � � � � 0 ��
� � � � 2 � � �� � � �   � � �  � � � � � 2 � ���� � 2  ��� � � 0   � ���� C

3 ��  ���"� �7�  � � ���� � �����  � 2 �  � ����N� � � � 0 
����  ��  2 ����� 2 �  � � �� � � � �  � � ��  �7� � ��� ���� � 0 � � � 2 �� �����  � � �&2 ��  ��� ��� 0 � ���� C �� �����	��
  ��  2  � � � � � 5 �  3 � � ��� %? � = � � � �>0 � � ��� � �  ��� � � � � �  �   �  �  0 
 � 2 ���� �  
 � � �&0 0 � ! � � � � 2�  ���  2 �� 3 E � � C � 3�� = �&2 � 3�� = = � � � 0  � 0 � 2 �	��
  ��  2  �&2 � � 0 � � � ��� 0 � �  � � 
 �  ��  2 � � � � � 0 � � � �>0 � � � � �  � � ��  � C
� 0 � 2 �	��
  ��  2  � � ����� �&0 0 
 ��� �  2 � � 2!��� � � � #  � �������� � � � � 0 ��7�  � � ��� � �1� � � � 0 
 3 ���� 
 �  �� � � � � �&0 0 
�� 2 �  � ����(��   E � � C / = C � 0 � � � 2  � �  �   0 
 �  ��  2 � �&2 � �X� �� 2 �  ��  2 �H� Z #D+?� � � � � � � ��� � � � 0  3 ���  2 �>0  2 � ���� � �  � � � � �� =
� � 2 ��� �>2 ��� � � � 2�� � � 0 � �� � 2 ��  � � � � � �&0 � � 2   �&0 3 E � � C�� 3�� = = �]�   ���  2 � 0 
  � � � � � � � � � 2 ��
  ��  2 �� C � �� 2 ���� 2 � �  -� � � � 0 
 � � ��� 2 � � �    � � � � ���&0 �  �	� �  � � � 2 � �   ����� ���� �  � ���>0  �&2 � ���� � �" 2�� � � � 2 ��� �&2 � ��  � ����  ��� �� �  -�   ���  2 � ��� � � � � � � � � 2�0 � ��� � � �  �&2�� 2 � 0 ����
 �   � � �  C	� �� 2 ���� � �����  � 2 �  � ���� 
��  � 2>0 
 � � ��� 2 � � �    �
3  � � 0 � � � 2 � ����!� 0 � � � 2 !� �����  � 2 �  � ���� �&2 � ���� 2 �  � ���� = � ���� � �  ^�   ���  2 � ��� � �  �  �	� �  � � � 2 � �  ?_ +  �
� 0 � � � ��� 0 � � �� )�+?� � 0 � 2 �	��
  ��  2  �&2 � )�+?� �  �����	��
  ��  2  3 E � � C / = C:3  � � �  �� �   �&0 � � ����� ��&� �  � ���>0  � 2 ��� � �� � � � 0 
���(�� 2 � � ������ � �&0  ��� � � � 2 � 0  � 
����_����� 
  �&2 ����  � � " 2 ��  ��� 2  � ��� � � � 0 � �������� �  � � � � � ����(� I � � �&2 � I
�  
 � � �&0 � 3 � � ���!� (��  �&0 �� 2 ����� � � � E � � C4�13 � = = �  � 2 � ����� �� ��� � � � 2 C � �  � � � � � � � �  �$�
����� 2 ���� � 2>2   � 
���� �&0 0 �  �� �>0 � �N�   ���  2 � 0 
 � 2 � 
����� ��� � � �   ��� �  �  �  ��� 2  � � 2 ���� �  �� �  � � 2 � �&2 � " 2 ��  ��� 2  � � 2 ���� �  �� 2 ��  C
K  ��� 2 � � !  0 � 
�  � 2 ��� �  �&0 0  0 ��� ���� � 
���=� �&0 0 � � ���   ���  2 � 0 
�� � �   �� � �&2 � � �&2 �  � 2 ��  �  ��� � � 2 ��  *� � ����
�>0 � � � 0  � 2 �  � � � � 2 �N� � ��� � 2 � � � 2 � 0  �  � �"� C � � � �  � ����  ��� � � � 2 ��� � � �   �� � 2 � �����  � 2 �  � ���� � �  ����
  ��� 0 � � � � ���� � 
 0 � 2�� � � � �� � � �  ��(� �� �  � � �&0 0 
 � 2 ���� � � ��� � � � 0  �&2 � D �  �� � �   � � ��� �����  � 2 �  � ����(� 3 E � � C ��3  = �&2 � 3 � = = �� � � 0  ��� � � � 
��  ��� 3   0 � � � �� 0 
 = 0 �$���� � �   � � �   0 � � ��� � �  ���� � @���  *� � � � � 2 �� � � �   � �&� �  � � �&0 0 
 ��� �  2 � � 2� � � � 0 ��
��� �  ��� ��� 0 � ���� �&2 � � 0 � � � 2  � �����  � � C, ���"� �4�  � � ���� ��
  ��  2�� ������ � � � 0 
  �&2 �� � 2 ��� � � � � � � � � 2 �  � � � 0 � 2 �	��
  ��  2�� ���� 3  ���"� � � ���  ��� #  � �

� 0 � 2 �	��
  ��  2  �   2 ��� �>2 ��� � � � 2 = ���!�  �����	��
  ��  2�� ���� 3 � � ��� ��/ � �  �����	��
  ��  2 �� �  �����	��
  ��  2�� ���� ��� 0� �&0 0 
 � (��� � � ��� � 0 � 2 �	��
  ��  2  �  � 0 � � � 2  � � �� 2 ��� �   2 � � �   �� � = C � 2 ��  *� ����� � � ���&0 ��� � � � � � � � � 2 � ����  
� � � �   �� � � ��� 2 � � 2�� � � � ��'�   2 � 0 � 2 �	��
  ��  2�� �� �&2 � �  � � ��  � ���� � ���  ��� +  � � 0 � 2 �	��
  ��  2  �&2 � ��� +  ��  �����	��
  ��  2 ��X� � � 0  ��� � � � � � � � � 2 � � 2 ��  *�  � � � �� � ��'�   2 ������ ��  � � ��  � ���� �&2 � �  �����	��
  ��  2�� ���� �   �>2 0
��� � � � 2 3 E � � C #  = C � 0 � 2 �	��
  ��  2�� ���� �  7��� �  � � � �� � � ��� �>2 ���&2 � � � �  �����	��
  ��  2�� ���� 3 E � � C #  ��&2 �=3 ���>0  # = C
% � � ����� ���� ��
  ��  2�� ���� �   � (��� � � ��� � 0 � � � 2 �� � 2 ������  � �  � ��� ��  0 � � � � 0 � ����� 0 ��� � �� �   �>2 ��� � � � 2�� � � 2 �� �&2 � 0  � 
����� ��� ��� �&2 CLG�0 ����� � ��� ����   � � 2 ���  �  ��� � � � � � � � � 2 �&0 � � � � ��'�   2 ���� ��
  ��  2�� ���� �&2 � ����� �����  � 2 �  � ����(� � � �  � � � � 0 �� � �&2 �  � �� �  � �  � � � I ��
  ��  2  0  � � � � �����  � 2 �  � ���� I �  I � 0 � � � ��� 0 � �  0 �  �  � 2 ��  � � ��  � ���� I ��������  �  �&2 � � � � � 2 �&0 � � � � 0 ��   � ��� 2��>2 ��� � � � 2 3 E � � C ) = C<3  � � �  ������ ��
  ��  2�� ���� �   � � � � 0 �  ��� ����� �  � �� �  � �  � � 2 � �����  � 2 �  � ����(�  �&2 � � 2 �&�  � � ��� �  � ��  ��� 2  � ��� �  � � � � � � � ��� � ��� � �   ���  2 � �$��  �  � 2 ���� � � ���!� �  ���� � @���  *� � � � � 2�3 E � � C � 3 � = 3  = �&2 � 3 � = = C � �$� (��  � ��� 2 �  � � � � 2 �)� � ��� ������ �����  � 2 �  � ����(���� � � �  ��
�    �   0 
 � 
 0 � 2�� � � � C<3 ��   � � 2 � � �  �� � ��� 2 �  � � �H� � 2 ��  *� ����� � � ���&0 ��� � � � � � � � � 2 � � ��'�   2 ��
  ��  2�� ����
0 � 
�  � 2 � � �&2 � � � � ���  ���&2 � ��
  ��  2�� � � � � 
�����(� �&0 ����� � ��� ���� � � ���&0 ��� � � � � � � � � 2 ��� 0 � 
�  � 2 � �=� � ��� � � + � � 
��� 2 � � � � �4� � ���!���� ��� � � � �  ! � �  � � ���� � �&2>2 ��� �  � �" 2  � �>2 � � ��� � � � � � 0 
 C

� ����  0 � ����� 0 ��� � �� � � �   �� � � 2 � �&2 � 0  � 
����� ��� ��� �&2��  0 � 2 � ����  2 � � �&0 0 
 ��� � � ��� ��  �&2 � � 2 � � 2 ��� � � � 0� � � � � 2 �  � � � � �  � ���� 3 �   ���  2 � 0 
 �  �&2 � � � � � 2 �&0 � � ��� � � ��� � � � 0  �  �  � 2 � � �����  � 2 �  � ���� = ��� � �  )�� 0 � � �  ���"� �
0 � �� ��� 2 �&0 � ���� 0 �  � 2 � �$5  � � ���� C:K  �&2�� ���� � � ��� � �  � � � �    � ����  �>2 ��� � � � 2 C]G�0 ����� � �����   ���  2 � 0 
   � �  �� �
� 2 �  (� � � � � "  0 � � �� �  � � � � � 2 �(� � � ��� � �  � 
����� 3�� C  C �  ��!  2 �  0 � � = �  � � �   �  0 
 �>2 ��� � � � 2 C�6�� � � 0 � ����� 0 ��� � ��
� �  � � � � � 2  �   � 0 � ���� � � � 2�� �   � � �   � �  �� � ��� � �  �  2 ���� �   � � � � �&0 0 
 � � 0 �  � � � ����  �� �>0 � � 2 �8�  � � ����� �&0
�&0 ��  � � � � 2 �����  (� � � � ���  ��� ��� 0 � ������  � �����  � � C �  � � �� �&0 � � � � � � 2 (� � �  2 �� � � 
��  ��� � �&2 � 0  � 
�����(� 2 ���
� �� �  � �  � � 2 �  (� � � � ��� � � � � ��(� � ���  ����� �   � � �	� � � �  3B0 ��� �&0 0 
 � ��� ��� � � �� � ��� � �   �&2 �  ��� � �� �  � �  =���  � 0��  � �� = � � ��� �� � � �     � � 2�� � �� 2 � ��� �M� �  2 � �&2 � ��� � �/�  � � �  � � � �� ������  
 � � ���!�� � �   � � �   ��
 �  ������  *� �&0
�&0 ��  � � � � 2�3 � 
 ����� 2��&2 � �  �>0  2    � � 2 �   � = C



�W��� � �����������

� K�JLK9M Q �Pj!T�b�]/_E[^W 	�� W#Z �eU��`Whj
� 2 �  �   ���#� �  ����  � � �  � � ��  � !  ���� � �&2 � 0  � 
����� ��� ��� �&2 ��� �� � �� � 
 � �� � � � � � �&0 0 
 �&2 �&0 
�!  � ���� � ��� 2� � 2   �&0 ��� � � ��:���  �� � 5 �  �&2 � � � 2 �   0  �  2 � �;� � ��� ������ � �  � �/6�� +  � � �  �	�  � � F�  � � 3 � �>0 � � �  ��2�� ��  � � � 
 C

G�2 �&0 
 � � � �&0 ��� 2 � � � � � 2 � �   � � �� 2 � 2 ���� � � � � � � 2 ��� 3 ���>0  �>CNK�� �� 2 ���� � � � �>2 � ����� � � � 0 ��&�  � 0 �&2  � ���
�&2 �&0 
�! �� 
� ��� ���  �� �  � � ������
����� �&0 2�� � �   ��� �&2 �&0 
 � �� ��� � � � � � � � � ��� ��� � � � %? � � � 2 � � �   ��� � 2 �  � � � � 2 �
� C  C �  � � ��� � � � + ��� #  � � � 2 � �#���   � � � � � 2   �&0 ��� � �  C��  � � ��=�   ���  2 � 0 
 � �� �"�� � ���� ��� � ���� 2  � � 
 ���
� �� � � � �&0 ��� � � � � � � � � 2 � � ��� � 2 � � � 2 � 0  ��� � 2 �  � � � � 2 �&2 � � � ��� � 2 � � � 2 � 0  � � 2   �&0 C�G � �  �F�  � � �� 0 � � � 0 � ����� 0 ��� � ��� ��   � 0 � � � ��� 0 � �  �  ��  2 � � � � �  �� � ��� � � � � � � � � 2 �&0 ! � 2�� 2 �]������^� �  � � � � � 2 � ��� ��� 2 �� 2 �  � � � � 2 � � 2 � � � 2 � 0 ��� � 2 �  � � � � 2 �&2 � � � ���  � � �  � � � 2 � � � 2 � 0  � � 2   �&0 �  -� � ��� � 2 ���� �&2 �&0 
 � � � �&0   � �  �-_ � � ���  � � 2 � 0 
�� ���� � ��  � ��� �&0 � �� � �&0 � �>0 � �� � � 2 � � � � � 0  � 
 � � � � 0  � � � � �(�   � �  �� � � 2 3 ���>0  � �&2 � � 0 ��� �� � � 2 " � �  �� �   0 �  �� 0 
� � � 2�� " � �&2 � CN3 � � � � � ��� 2 � � � �� 2 � � � ��� ���� ��� 2 � 0 � � � � 2 � ��� � � ��� �&2 �� �&0 )  � � � ��� � � ��!� ���$� 2 ��� � � � � 5 �   0  �  2 � � � 2 ���� �&2�� � � �����  � � �   0 �  �� 0 
 � 2 �  2 � � � � �� ��� ��� � � 0  � �  �������� �� � ��� ��� � � �� � ��� ���� � �  � �>0 � � � � 2 ���
0 � ����  � � � � 0 � � � �>0 � � 0 ������� � � C � �� 2 �  ��  2 �H� � � 2 �  ��� � � �� 0 � ����   � � 2   �&0 � 3 � �>0 " � ��(� � �  � � � ���� �&2 � ������  �� � � ��(� �� � C C C = � � �� �   2 �&2 �&0 
�!  � ��� � ���  *� � 2 ����� �  �   � � �  2 � � �   3 �   3 ���>0  ) = � � � �/� �  � � � � � 2 � � 2 ���� �  
��� � � � � � � � � 2 �4� � 0 0 2 ��� �  � � � � � ���  � � 2 ���� �  ��  2 � � � �   C

%�� 2   �&0 ��� � � � � � � � � 2 � �  ��  2 � � �  �� � � � � 2 ���  �&2 � � � � �  � � � � � 2 ��_ ���� ��� � � � � � � � � 2 �&0 "  0 � � �&2 � �   2 � �
� � �  �  0 �  �� 0 
 ��� 2 � � � �� 2 �F� � ��� ���� � 0 � ��� � " � � � � � 2 � 2 ���  ���"��� 
�� �� �&2 � � � � � 0 � ��B�  � � �� �  �	� � �  � � 2 ���� � � � � �� 2 � ��  ���  � ��� � � � � �   � � � � � 2 � �&0 � 2 �� ��� � � � ��� �15 � � � � "  � � � � � ��  � �  � C % �   �$��  � ��  ���  � ��� � � � ���  *� � 2 � � � � 2 ��������� � � ���&0 ��� � � � � � � � � 2 � �  �   ��� �  
 � � �&0 0 � ! � � � � 2��&2 � �� � � �   � � �� � ���$� 2 ��� � ������   � � � � 0 � �   ��� 2�� � 

� ��'�   2  ���"� ����� ���� � �����  � 2 �  � ���� �&2 � ��
  ��  2�� ����/� � � � 0 � ������ �&2 � ��'�   2 � �����  � 2 �  � ���� �&2 � ���� ������  � �����  � � � 0 � ����� 0 ��� � �� C � 2 ����
������  � �&2 � ��� � �   ���"� ���  � � ���� �  ��� ��� 0 � ����F� � � � 0 
 �  ��  2 � � 0  �  0 
 �  �&2 � � � � � 2 �&0
� � �  � � ��  �-� � ���  ���"� �-�  � � ���� � 0 � � � 2  � �����  � �-� � � � 0 
�� �&0 0 �$� � 2 � � � ��� � 2 ��  � � �  �� 2 �� � � 0 � 2 � � � ��'�   2������ /� � � � 0 � �� C�G � ���  � � 2 � 0 
����  � �&2 � � �� � � � � � �&0 0 
 �  � � � � �  0 � ����� 0 ��� � � �&0 � � � � 0 � �� � 2 ��� �'� � I � � �   �  � � � � I>C, ���"� ���  � � ���� � � �  � �� 0 ��� 2 �&0 � ��)� � � � 0 
 � � �  �  �(� � 2 ��� � �  �� �  � �H� � 0 � �   ���!���� ��
  ��  2�� �� 0 � �����  � 2 �  � ��� � 2 �   � ��� �&2 �'� �!���� �  ��� ��� 0 � �� 0 � 0 � � � 2  � �����  � � C;3 ����  �   0 � � � 2 �  
 ��� 2 � 0 � � � � 2 ��5 � � � � � 
 ���� �  � � � � 2 ��� � ���  � 2 � � �  ��� ����#��� 0 0 �$� � 2 � � �� � � � �&0 � � � �  � � � C

E �  � ��  � �� ��� 2 �� 2 � ��� � 0 � � � 2   �&2 ����B�  � � ��� � � � � ) ��� �! � 2 � ����� � � �   �  � � � �N� � � 0 ����� % ��D 3J% � --E  =
3 � � 2 = ��� ��
  ��  2 �� � ���$��� � � �   �  � 2 � �>2 ��8� �  � � � � � 2  �&2 �� � 2 ���� � �����  � 2 �  � ����)� � � � 0 
 3 +  ��� �� = C
E � �&2 � ���  �     � �  � ���>0 
 �  0 0 ���  �  0 � �� � 3 ���  �  0 � � � � 2 ���  � � �  2 � � 0 � �  ���  >C � + = CF3 �� 0 ���� � � � 2 �� � �&2� �����  � 2 �  � ���� �   � (��� � � ��� � 0 � � � 2  3 E � � C #�# = C�3 �� ��� � ��� 2 �� 2 � ��� � 0 � � � 2  �&2 � ���� �  ) � � ��� 2 �� 2 � ���
� 0 � 2 �	��
  ��  2  �   0 �  �� 0 
 ���  �  0 � �� � ��� ���� E � ��� 2 �� 2 � �&2 � ��� ���� % � 2�� � �   CN3 ����  � � 2 �   0  �  2 � �
�  ��  2 � �  � ����  ���  � � � �  �   � �  � ������ % ��D 3J% � --E  =  � � � � �  � �  � ���  � � I �  � � � � � �� I � �&0 � �� 3�� C  C E ���  ��� 
� 0 � �  ��� �� � �   E � � C #D) �&2 � # � = C � 2 � ����� � � �   �  � � � �(� � ��� 2 �  � � �  � � � � � � ��'�   2 �  � ����  �  � � � � � ��/� � � � 0 

3 �  ��� ��� 0 � ���� �&2 � ��
  ��  2�� ����  �� �  � � � �� 0 
 = �&2 ��� � �   (��� 0 �� � � � � � 0 
 3 � 0 � � � 2  � �����  � � �&2 � � �����  � 2 �  � ���� �� �  � � � �� 0 
 = � ��� 2 � � � �� 2 ��� � ��� �  
 � � �&0 0 � ! � � � � 2 �  �   �  ��� �� � �  � � � ��  ���  � ��� � ��� � �   � � � � � 2 � C � 2 ��  *� �
��� E �]� �  ��� ��� 0 � ���� �  ! � �   �  0 
 ��� � ���� 2  � � � 3 � �  � � � � � 2 � �   � 2 ���� /�/ 0 � )  �&2 �� = � ����!�  ��� ��� 0 � ����=� � ���
� �  � � 0 � � � � � 0 � 2 �	��
  ��  2  �  � 2 �]��� 2 � ��  � ���� � 0 � ��� � 0 
 � �  ���  � � � C � 0 � � � 2  � �����  � � �  ��  2 � � �  0 0
� �" 2  �
�  @��  �  � E � �  � �>2 � � �&0 � �� ��� / ) 0 /�� E �]������ 2�� � �   ����� � � � 0 �� �  �   � � � 2 �  � � � � 0 
 � � ���� E � �  �   � �  C�3 ��
�>2 ��� � � � 2 ��  
 (��� 0 �� � � 0 � � � 2  � �����  � � ��� 2 �� 2 � �� 2   �&0 0 
 � � ��� � � � 0  C � �$� (��  � (��� 0 �� � �&2 � �  � � � � � ��� 0 � � � 2  � �����  � 2 �  � ���� �    ��� �&0 0 
 ��� �>2 ���&2 � C � 
  ��  2�� ���� �   �&0 � � 
 �  � ����  �  � � � � � �� � 2 ��  *� � ��� ��� 
3 ��� � � � � 2 (��  0 ����
��� �&21/� = � � � � ����   � � 2 � � �>�  0 0 � �" 2  � � �  #�   ���  2 �/� �&0 �  � � � 2 ���� �  ��� ��� 0 � ���� �&2 �� 0 � � � 2  � �����  � ��� � � � 0 � �� C . 
����� � � �  � � 
���� �����  � 2 �  � ���� �   ��  
 � � � � ��   � � 2 ��  *� � ��� � � 2 � � � � �  0 

� �" 2  � � �  -�   ���  2 �>� �&0 �  �  � 2 � � � �   �� � ���  � �&0 � �� ��� � �  � �  � � ��'�   2 �! �&2 � /� >C

3 �� G�0 ) � � ��� 2 �� 2 � ��� ��
  ��  2 �� � �  � ����  ��� 2 �  � � �� � �  � � � 2 �� � � � 0 
 ��������
������  3 E � � C # % = C$3 �� � ��� 2�� � � �   � � ���� 0 �$� G�0 ) � � ��� 2 �� 2 � ��� ��
  ��  2 ��#�  � � ���� ��
  ��  2�� �� � � � � 0 
 ��� � � �   � ��� ���� ��
  ��  2 ���  � � ���� � ��� 0 �  ��� ��� 0 � ���� �&2 � � 0 � � � 2 �� �����  � � � � � � 2 � ���� � � �  � � 2 C�% � � � ��� ���� � 0 � 2 �	��
  ��  2 ��=�  � ��������
  ��  2�� ���� �&2 � � �����  � 2 �  � ����F� � � � 0 � �� � � �� G�0 ) � � ��� 2 �� 2 � � 0 �$�   ��� �&2 )?� � � � ����  � �&0 � �� ��� 2 ��  2�� 2 �����  2 � � �&0 0 
 ���� ��
  ��  2�� � � � 0 � 
�  � 2 � �(����� � � ��� 2 �� 2 � � ���� 2   �&0 0 
 � � ����  ��� �&2 )?� � 2 � ��� 0 �  ��� ��� 0 � ���� �&2 � � 0 � � � 2 � �����  � � C�3 ��   � � 2 � � �  �� � (��� 0 � � � � 2 ��� ���� G�0 ) � � ��� 2 �� 2 � ��� ��
  ��  2 ��1� � ���!���� � � 2 C
3 �� 3
� � ) ��� 2 �� 2 � ��� � 0 � 2 �	��
  ��  2 �� � � �&2 ������   0  �  2 � �  ��  2 � � 2 ���  0 0 � �" 2  � � �  � � � � � 2 �/�  � � � 2 



� ����������� �W� �

� � � � 0 
 ��� ���� ������  3 E � � C #D+ = _ � 2 ��
  ��  2�� ����(����� � ��� �&0 �  � �   � �  � ���>0 
 0 �$��� �� 2   �&0 0 
 �  0 �$� ���� � ��� � � � � 2
0 � � � � 3���� � � �  >C #D)?� = C � 2 ���� � �����  � 2 �  � ����/� � � � 0 
�� � � 0 � ��� � � 2 �   � �  � � ��� �  �   � � � 2 � ���  �  � � � �&0 � �� ���
 >C #D+?� ���  >C )�+?� � � � � �   �� ��C;3 �� �  � � � � �  ��� 3
� � 2 ���� �  ��� ��� 0 � ���� �&2 � � 0 � � � 2  � �����  � ��� � � � 0 � �� � � ����� ��
� � +    2 � C �  � � � � � �� � ��� 0 �  ��� ��� 0 � ���� �  ��  2 � � � � � 
� � � � ��  � 2=3
� � ) ��� 2 �� 2 �H�H�  � � � �&0 � �� �  0 �$� ���� � ��� � � � � 2
0 � � � � ��� ��� � � �  >C � � �<� � � 0  ���� 3
� � ) ��� 2 �� 2 � ��� � 0 � 2 �	��
  ��  2 �� � 2 � 0 � � � 2  � �����  � � � 2 �   � � �� ���  � � � 0 
����� �&0 � ��
���  >C / � ���  � � 0 � ��� � �  �   � � ���� ���� � � 2 C 3 �� �  � � � � �  ��� ��� � 2 � 0 � 2 �	��
  ��  2 �� 0 �  �� 0 
 � � � � � � ����� 2  ��� 3
��3 �   E � � C # � = C

3 �� G�2 ��� 2 �� 2 ����� � 0 � � � ��� 0 � �  � � ��  � ��� 2>0 
 ���� � �� � � � �&0 � �  � � ���  � ��� � � � � ���� � �   ��� 2 � � � �� 2 �/� � ���� �  �  � � � � 2 � � 2  ���"��� � � � 0 � ��1_������� �  � � � � � 2 � � � �  � � � ��   G�2 � � � 0 ��� �� � � � � � �>2 � � � � 2 �������� % ��D 3J% � --E  =��� ���  � � � � � 2 �)��  � � � � � 2 �� � �&2 � � 2   �&0 � 3 E � � C # � = � ���$� ��� � �
�  ��� ��� 0 � ���� �&2 � � 0 � � � 2 �� �����  � �N� � � � 0 � ��(� � 2 � 2 � �&2 � � �&2 � � �����  � 2 �  � ����(� � 2 ���� ������  � �&2 � � � �" 2   � �   �  0 
 ��� 2 �  � � �� � � � +    2 � � � � � � 2 �   2 � � C]K �����  � 0
2 �  � ���� �     � �  � ���>0 
 G�2 0  � � ��� G�2 �  � 2 � �&0 � � 
 � � � ����  ��� �&2 / +?� � �&2 � � � ����  ��� �&2 �� � � 2 � � � ����������� � � � 0 �� C�� �!� 0 � � �&0 �  �   � �  ��� ���� G�2 ��� 2 �� 2 ��� � ��� ���� % ��D 3J% � --E  = � � � � �   �� � � � 2 � � � �� ��� ���� � � � � �  � � � � � 2  �&2 �� ��� ��� � � 0 � �� � �  � � ���  � 2 ���� � �����  � 2 �  � ����4� � � � 0 
 C � 2 ���� �  ��� ��� 0 � ����>� � � � 0 
�� G�2 ��� 2 �� 2 �  � � � � 2 � / + �  �� � �   �� � � 2>0 
 ���  ���� � �  ��  � � � � � �� � � � � 0 �� C�G � � � �&0 0 
�� ���� � � � � ��  � 2 G�2 ��� 2 �� 2 �
��� � 0 � 0� � ��� 0 � � ��7�  � � �  ��� ��� 0 � ���� � � � � ������ �  
 � 2 �)�  � � �! ��� �� >C�G�2 ��� 2 �� 2 ��� ���$��� � � � � � ��� 2 �  2 � 
 ��� �  �   � � � � ��� �  �   � � � 2 � % ��D 3J% � --E  = � 2 ���� � ��� 0 �  ��� ��� 0 � ���� �&2 � � 0 � � � 2 �� �����  � �(� � � �
���� � ��� 2 ��� 2 � 0 � � � � 2 � � ��� � �����   � �(��� 0 � � �&0 0 
�� 2 � ���  �  0 � � � � 2 � ��'�   2 ������ ��'� � � �  � � ���  � C

� K�JLK�J � �`T�_`X [�V!]4b�]4[ UdT�b�Z�]/j!X X �`Z Udb��PgYaiU��`Whj
3 �� � � � �  � � � � � � 2 ��������-� �  � � � � � �&2 � 0  � 
��� 0 � ����� 0 ��� � �� � 2 ���� ��� �&2 �	��� � � 0 � �� � �   � �  �� � � 2 ���� � � ���� E � � C # />C]3 
�� � � �&0 "  0 � � � �  � � ��  �
��� ������  � 
����� �   � 0 0 � � �  � �� � � 2 � (��  �&0 �����������  � ��� � 3 E � � C � 0 + 0 � �&2 �

� = C ,  0 � � � � 2 � � ��'�   2 � � " � � � � �>0 � ���� �&2 � ���� �  ��� � � � �&2 � 0  � �  ! � �  � � ���� �   � 2 � � � � � � � ��&�  0 0 � � �H�
� �
�
�>0 � ���� � � � � 2 � �  
 � � �&0 0 � !  � � ��'�   2 �'� � � �  �&0 0  0 � �  � � �� ���/� �  � ���>0 !� � � � � 2 � C 	 
��� � � � � 3  C � C , ����� 2 �# ��� + = �  ��   ���  2 � 0 
 � � �   �� � �&2 � � 2 � � � � ������ � � � 
����� �  ����  *�   � �� 2   �&0 0 
 � ��� �  � ���  �	� � � � � � 2 � �  � �"� � C

3 ����� 2   � � 2 � � ���� I�� 
��� I � � �� 2 ��� � �&2 � 0  � � � �>0 � ����  @��  � ��� ������ �"  0 �   0 � � � � 2 � �&2 � � � � � 0 � � � � 0 
�� ��� �
�  � � � 0 � � � 0 � �� �  2 � �  � � �&2�� � � C 	 � + � �    0 � � � � 2 �B� � ��� �������� � � � �  ! � �  � � ���� �   �&0 � � � � �   �� � �  � � � 0 � ����� � 0 � ���� � 2 ��� � � � � � �� � �  �&2 � � � � � 2  � � � � � � ��'�   2 ���� � � " � � � � �>0 � ���� �&2 � ���� ��� � ��� �  ! � �  � � ����>� ��  
� �
�
�>0 � �� �  
 � � �&0 � �   � 2 ��  � � � � � �&0 � ��'�   2  �� � ��� �&0 �  
 � � �&0 � � ��� � � �� � � �   � � �� 2   �&0 0 
 � � �  � � � �� � ���=���  *�   

� 2 ��  �  �&2��>0 �  �   ��� 0 � � � � 2 ��� ���� �  0 � � 2 �������� � � �   � � ��� � ����(���� 2   �&0 0 
 � � ��� � � �&2��  � � 
 � �  � � �&0 � � ��� � 0 � � � � 2��� ����  �� � ��� �&0 �  �����	��
  ��  2  0  ��� � 2 � ��� I��  � 0 ��� � I � �  � � 2 � ��� � � � �&2 (��� 0 �� ��� ���>2�� ���� 3 �  0  �  2 �� �&0 �# ��� + = � ���� � �  � 2 � �����  ���� 2  � � 
 ��� ���� � � � �>0 � �� �  
 � � �&0 � ��� 2 �� 2 �  � � � � 2 � � 2 ���� � � �  ��� � � + � �  � �  � � � �  ��(�������� � � �&2>2  0 � !  �  � ����  ��� �&2 ��� � ���� 2  � � � � �  � � �NA �$� 3 �   �  �>0  2    �&2 � , ����� 2 �$� � �@!�� # ��� ) � �  0  �  2�� �&0 � # ��� + ���  �>0  2    �� �&0 � # ����� = C � 2 ���� � � �  ����� �����  � � ��� � � �>0 � ����(� ���� � � � � � 2 � � � � 2 � ��'�   2 ����  �� � ��� �&0��� � �  ���"� �&2 � ���� � � � �>0 � �� �  
 � � �&0 � � �   0 � � � �� 0 
  � � 
 ��� �  � � � �
����  �� � ��� �&0 � �&2 � 0   ���"� �
��� ��� �&2��  
� (��� � � ����� 0 � � � ��� 0 � �  �&2 � � �  � � �&0 0 
 � (��� � � ��� � 0 � 2 �	��
  ��  2  C � �$� (��  � ���� � � � � � 2 � � � � 2 � � � � � � � �  
�  � �"��
���� 2   �&0 0 
 � � � � ��� � �>0  � 2 ���� � � �  ��� "  0 � � � �   � � � � � 2 �&0 � 2 �� � 2 ���� � � �  ��� � 0 � � � 2  �  �  �����	��
  ��  2   � � �
� �
�
�>0 � ���� C
3 �� �  ��  2 � � � � � 
 � � � ��� 2 "  *�  � �&2 � � �   � � � � � 2 �  � ���  � 2 ���� % �	� � ��� �   � � ��� � � ���� �  ��� ��� 0 � ����� � � � 0 
 � � ���� � 2>0 
 0 � ����� 0 ��� � � �&0 � � � � 0 
 � ��   � � + � �    0 � � � � 2 � � � � � 3 E � � C � 3�� = = � ��'�   2 � � � �>0 � ���� �&2 � ������� � � � �&2 � 0  �   � � ��� � ���� �   ��� � � � 2>0 
�� � �   �� ��C �  � � �� � � �  � � � �� � ��� � ����� ����N� � � � ��� � � ���� ��� � � � 0 $D �  � � � 0 �  �&2 � � � � � 2 ���  1�  0 � � � �  � � � � 2 ��� � �  �(� � 2 ������ � �&0 0 �$� � �&2 � 0 �� � � � �� � �   � � �   ��� ��� � � � #D)  � � ��� � C  C � � ��� � 2���� �  
 � � �&0 0 � ! � � � � 2 "  0 � ��� �  ��� ��� 0 � ���� 3 �  �>0  2    �� �&0 � # ����� = CX3 �� �>2  ���  � �� � � � � � ��� � � ������  ��  2 � � � � � 
� � � � � � � 2 (� � �  2 �� � � ��� � � ���� �� 2 �  �&0 � �  � �������� % �	� � ��� � �&0  � 0 � ���  0 0 � 2 � � � ����!� 2>0 
 �   ��� 2 ��� �&2� ��   �  ��� ��� 0 � ����/� � ��� � � + � �    0 � � � � 2 � � � � � ��� 2 � � � � � �� ���� � � � � 2 �&2 � �  0 � � � �  � � � � 2 �� � � �   C � �  � �  �� 
� � � � ���$� 2 ��� � � ���� �  ��� ��� 0 � ���� I�� � � ��� 2]I ��� % �	� � ��� � �&2 � >��� 0 0 �$�  ��2 �  ����� �� �'� �  � � 2 ���� ��� � � 0 �   � �&2 �� � � ���� � � �'� �  � � 2 ���� 6 � � ��� �   � _ �  ��� ��� 0 � ���� ��� � �  � 2 � /� � � 0 � 2 � ���  � � � �  � ��� �  �  �  2 � � � � � 2 � � � �  � � � 0 


� �  �&0 0  0 ��� ���� � �  � �� ��� ���� � �� ��� � � 
��� ��� � � 0  � � 2 ��� � � �   ��3�� C  C � # �� � \ = �&2 � � ��� � �� � � ���   � � ����
� � � � � � � � ��� ��� � � � #  � � � 2 ���� % �	� � �����   � � 2 �  � �$� � 2 � � 0 � ��� � 0 
 ��� ���� ��� �&2 � ��� ���� 6 \ C � � � � � � 



�W� � � �����������

% �	� � ��� ������  ��� ��� 0 � ���� ��� � �  �� 2   �&0 0 
 � 2!� 
�����(� � ��� ��� � � �� � ��� � 0 � � � 2 �� �����  � � 
����� C � � � 0 �������  ��� ��� 0 � ����
� 
����� �  
�� 2   �&0 0 
  � ����  ��� � �"� 3 � 2  ��� � ��(� � ���  � = �&2 � � � � 0 � �� � ��� 0 � � � 2 �� �����  � � ��� � �  7� �  4�   ���  2 � 0 

� 2 �  � � � �(� �  I �M� �  *� � I ��� � �  �&0 0  0 � 
��� � ��(� �� 2 � � � ���  �
��� � ��(� �  � � � ���  �
��� � �"� 3 E � � C + 3�� = = C � 0 � � � 2 � �����  � � 
����� � � �� � �  @��  �  � �  �  2 � � � � � 2 � �  �&0 0  0	3�� 2 ��  *� �
����� �  � �� �&2 � ��� � � � = ��� ���� 0 ��� �&0 �  �  2 � � � � � 2�������� � �� ��� ��� 
��� ��� � � 0  � �&2 � �    ��� � �� � � 0 � �� �!� 2 �   � � �  ��� � �    � �� 2 � � � 2 3 �   E � � C # � = C � � � 0 
�  � 0 ��� � � �  � � 2 � �   ��� � � � 2 � 2 ���� � � �  ��� �  ��� ��� 0 � �� � 
�����(��� � � �=�� � � �  �� �    �   0 
 � � �   �� � � 2 ���� � � � ����� �����  � � 
�����(� �&2 � � �  � � � � � � ���  �$�
���!� 2 ���� �  � 2>2   � �&0 0�� � 2 ���>�   ���  2 � C

G � ���� � � �&0  ��� � �  � 0 � � �&0 � � � 3 E � � C # / = � ���� � � � �  � � � � � � 2 � ��� �  ��� ��� 0 � ���� �&2 � � 0 � � � 2  � �����  � �1� � � � 0 � ��
� �&2>2 ��� �  � � � � � 2 � ��� � �� � � ��� 2 "  *� � 2 � ���� �  ��� � � � � 2 �  � � � ��  ���  � ��� � � �&2 � � � �  �	�  � �  � � � � 
���� � � ������ �'� �&� � � � 0 � �� �  ��� 2 �� � � �&0 0 
   0 � �� ��C�G�2 ������  �>2  ���  � �� � ��� 2 � 0 � � � � 2 ��� � �  � �  �� 
 � � ��� � � �������� � �  �  2 ������� � 0 � � � 2  � �����  � � �   2 ����� � ��� � � � 2 � 2 ���� ��� �&2 �	��� � � 0 � �� C:G � �  �>�  � � ���� 0 �  �� ���  � � � �  �� 2 ��   � � 2
% �	� � ��� ��� 0 � � � 2  � �����  � � ��� 2 � � � � � �� ���� � � � � 2 �&2 � � 
��� 0 � ����� 0 ���	
 3�� ��� ��� � � �� � ��� � � 2 �  �  ��� ��� 0 � ���� = � 2 � ��(�������  � 0 � ������ 2>0 
�������  2 � � �&0 0 
 � ! � 2  � �  �&0 0  0 ��� ���� % �	� � ��� ���  � � � �  � ��� � � � )  � � ��� ���� 2 �  ���� � � � ��� ��� � �� 2 ������ � 2 �=�  � � ���� � � ��� ��� � � ��� � � ��� ���� � � � ��� ��� ���� � ��� � 0 3 � 
 � 2 � � ��� � �'� �&2 � � ! � 2  ��� � � �&0 0    � �� 2 �
3���� � � � #D+ � � = �� 2 ��   � � 2 ������ ��� � � � 0 � � � 2 ���� 2 �  ����  2 � �  � ��� ���� ��� �&2 �	��� � � 0 � �� C

, ���"� �7�  � � �������
  ��  2�� ���� �&2 � � �����  � 2 �  � ����B� � � � 0 � �� �  ��� 2   �&0 0 
 � ��� ��� � � �� � � 2 �����"  0 � � �&0 ����� � ��� � ����  ��
  ��  2�� ���� �  � �����  � � �   �� 2   �&0 0 
 � � � � 2 �&2 � � 2 � � � �� 2 �   �>C 3 ��4�   ���  2 � 0 
   � �  �� � � � � �  � � � � � � 2��� ��
  ��  2�� ���� �&2 � � �����  � � � � ���  � � 2 ����� � �&0  � 0 �  � ��� � � 2 ��� � � � � �  �� � � 
 � �  � � �   � � � � � 2 �4_ ����   �   �   �� ��  ���
  ��  2�� �� � 
����� �  �� � �   �� � � �!��� % ����� 0 (�� 0 ��� � � 0  � �����  � 2 �  � ���� � � 
 �  � ��� � � � �   �!���  � ! � 2 ���� ���� � �&2 � 0  �  � � � � 2 C�� � �� � 2 ���� �  ��� ��� 0 � ���� 0 � 0 � � � 2 �� �����  � �1� � 2 �   � � ��� � � � ��� ��� � � � � � 2 ��� 2 "  *� � ���� 0 � �� 0 

��� � � � 2 �  � � � 2 ��� ��
  ��  2�� ���� �&2 � � �����  � 2 �  � ����N� � � � 0 � �� C � � � �>0 � ����1�  � � ������ -� � � � 0 � �� ��� � �  �&0 � � 
 � � �
� 
�������  � � I�� 2 �  � � � � 2 � I13�� C  C �  �  � �>0 �  � � � � ��   � � � � 2 � � ��(� � �>2 �   � � ���  � � 2  � �� 2 � = C 	 
��� ��� � �"� 2 ����
� �  � �   �  0 
�� �  � ���>0 ��  �&2 � � 2 �8�  � � � ��(� �� 2 � � � ���  � ��� � �   ��� �&2 #  � ���  � 3 E � � C � 3�� = = C � �&0 0  ���"�  � � � � � 2 � 0  ��� � 2 � ��� ���� � (�� 0 �	� �  2 ����� �  � 0 ��� � ��� ���>2�� � � � � �  � � 2 � � � 2 ��� �>2 ��� � � � 2 � ������ � �  � � 2 � ���
��
  ��  2�� ����(� �&2 � � � ��� � � � 2>0 
 � � �   �� � � 2 ���� � � �  ��� ��
  ��  2�� �� 0 � 
�  � 2 � �(� � � � � � 2 ��� � � �   �� � � 2 ���� � � � ���
� �����  � 2 �  � ���� C � �  � � � � � � � �  �$�
��� � 2 ���� � 2>2   � 
��� � �&0 0 � � � ����  �>0  � 2 ������  � � � � 0 � ��(� �&2 � � 
����� �  �   ���  2 � 0 
 ��� � � � � � �� C 3 �� 
 � � 
 ��� 2 � ��� 2 �  2 � 0 � ��� � ����� �  ! � �  � � ���� CHG�� �>2 ���&2 �� �&2 � ��� � �"� 2 ���� ��� ��
  ��  2�� ��
�&2 � � �����  � 2 �  � ���� � 
����� � � ����� ���� �  � ���>0  C � 2 ��  �� � � 2 � 0 
������� ��
  ��  2�� �� 0 � �����  � 2 �  � ���� �  � � � � � ����   � � ����� �  )� � � � � � � ��� �>2 ���&2 �� � 2 ����^� � � � 2�� � 
 ���
���� � � � ��� 2 � ��� � � � �  � � 
 �  ��� ��� 0 � ���� �&2 � � 0 � � � 2  � �����  � � C
3 � � � � � ���� � � �  �&0 0��&0 � 2 � ���� % �	� � ��� ���  � � � �  ��� ��� � ��   � ����  
 � � � � ��� � �� 0 
 � 2 5  � �� � � 
 ��
  ��  2�� ���� �&2 �� �����  � 2 �  � ���� 3 �   �&0 � � G �  � �� �&0 � # ����� �&2 � �  �>0  2    �� �&0 � # ����� = � � � � �&0 � � �  � �>2 � ���� � 0 � � � 2  � �����  � �
�   � ���]� ��� � � � 0 � � C � � 2 ��  �  0 
�� � 2 ������  F� � ��� � ���(� 0 � �� ���� , � � � �	� �&2 �=6 �  � � � �   � � ��� �>2 ���&2 �� ��� ��
  ��  2�� ����
�&2 � � �����  � 2 �  � ���� � � 2 ���  � �� � � � � 2 �&0 0 
 � � ����� �&0 ����� � ��� ������  0 � ����� 0 ��� � �� �   �&0 � � 
 � �  ��  2 � C$3 ��
�  �  2 � � � � � 2��� ��
  ��  2�� �� �&2 � � �����  � 2 �  � �� � 
����� � � �  �  F� � � � � �    �&2 � � � ��� �&2 � 2 ���� � � �  �����  ��� ��� 0 � ���� �&2 � � 0 � � � 2 � �����  � �(� �&2 � �   �� 2   �&0 0 
 �>2   0 � �� ��3�� � 0  � � � 2 ��� � �  �&0 0  0 = ��� ���� � 2  ��� ���� � �� ��� � � 
��� ��� � � 0  � C]3 ��
� � ������������  � 
����� � �&2 �  � �  � � � �>0 �  0 
 � � �&0 0 �$� C � � � �>�   ���  2 � ��� � � �   ���� � ������ � � �&0  ��� �&2 � � � �  �	� �  ���
�&2 �   � � �'� � �  @��  �  ��3 ��� 2 5 � � � �� � � = �  �  2 � � � � � 2 � C

� ��� � W�	#�CV
	#	#WXSYQ

� K�� KPO � ]4b�T�jhU 	 T�_eUdZfW
�	� 	 ]/j 	 ]/jhU�_`T [�a�	 aY_`]5UdT�Z
G � � 5 �  � �� �>0 � ��� � �  � �  �� 
 � ����� � � � �&2 � 0  � 
��������� ��� �&2 �  0 � 2 � ��� �'� � � ��� 2 �  � � � ���  I � ��� ���� I��� � � � � �  �   � �   �  0 
 ��� 2 �  � � �� � � 2 ��  *� � ��� �&0 0 ���� �&2 �&0 
�!  � � � �  � � ��  �)_�"  0 �   0 � � � � 2 � �&2 � �� � � �  ��(�� � ���&0 ��� � � � � � � � � 2��&2 � �  �   ��� �  
 � � �&0 0 � ! � � � � 2 � �&2 � � �� � � � �&0 ��� � � � � � � � � 2 C:3 � � � � � � 0 � �� ��� � ������ � �   2 ��  0 � 3 � = ��� ������  �'� � � � � �>0 � �� � ��� ������ ��� ��� 2 �  � � �� � ��� � � � � � � � � 2 � � � � �&0 � � ��� � � ���� ����
 � � � �&0 ��� 2 � � � � � 2 �

���  � 2 �  � � 0 � �� �  2 �/�    � � +    2 � C



� ����������� �W� �
�  0 �#� � ����� �+�

� 2 ��  *� ����� � � ���&0 �&2 � � �� � � � �&0 ��� � � � � � � � � 2 �&2 � ��� �  �   ��� �  
 � � �&0 0 � ! � � � � 2 ������
�  ��� ��� 0 � ���� �&2 � � 0 � � � 2 � �����  � �>� � � � 0 � ����  ��  2 ������ � � �  � � ��  � �   � � � �� � ���  � � � �>0 � ���� � ��� �  � �  � � �  � � � � � 2 �&0 �  
 � � �&0 0 � ! � � � � 2 ���
� � � �&2 ���  � �  � � � � � �� % �-,/. 3  C � CFK  �$�� �� �&0 � # ��� ) = _��  ��� ��� 0 � ���� ���  � �� � � 2 � ��� � � � �>0 � ���� � ��� �  � �  � ����� � � � ���  � � � � � ���� 2 �$� 2 � � � 0 ���� �&2  � � �� � � � �&0 � � 3 � � 2!�  � �>2 � �! �  C � C �  �� 2 �&0 0 �&2 � � � �$��  � # ����� = _������ � � ���   ���  2 � � � ���&0 �  �	� �  � � � 2 � 3 )�+?� � 0 � � � 2  �&2 �1� +?� � 0 � � � ��� 0 � �  = �  ������ �  � ���  *� � 2  � ���  ���� � 0 � � � 2 
- � 0 � � � ��� 0 � �  ������ � � � ��� � C  C � � ��� �� � �   � � �   3�� #�# �� � � = ������ � � � ����� � 0 � � � 2 ������ 0  � � ����
� � � � 0 �  ��� % �-,/. �������#� � � � ��� � � � 0 � � � ��� 0 � �  �   � � ��� �  ���� 3 � 0 � ��� � 0 
 =  �  0 � �� � �  
 � � �&0 0 � ! � 2 � ��� � �  � � � 0 � �� 0 �$� �  
 � � �&0 0 � ! � � � � 2
�  ���� �  �� 3��. >' +������ = �&2 ���   0 � � � �� 0 
 G�0 0  � � � � �   2 � �  0 �H� � � � � 0 �  �����   � � � � 0 ��(����� ����� �  � 2 ��  �  � ���  ���� % �-,/. � ��� ���� %9G , � �   � �&2 � ������  0 ��� � � � � 2 �#� ��   � � ��� 0 
�� 0 � � � ��� 0 � �  ����
  � � � � � �&0 � � � � �� �   2� � � � 0  ��C \ ���   � �  2 � � ��� 0 �$� �  ���� �  C�  � � � � � 2 �&0 �  
 � � �&0 0 � ! � � � � 2 ��� % �-,/. � �   � � � � ��� � � � 0 � 2 �	��
  ��  2 5 � � 2 � � 0 � � � ��� 0 � �  �&2 � � 0 � � � 2  � 2 ���� �  
 � � �&0 0 � ! � � � � 2 �  ���  2 �� � � ��  � � � �   � �� 3'Z )�+?� = �  �    ���;�  � � � � � 2 �&0
�  
 � � �&0 0 � ! � � � � 2 � � C  C ���  � � 0 � ��� ���� � �   � � �   �  �   � � �� � � � � � � � ��� 2 � � � �� 2 ��� � �������� �  �&2 � � � � � 2 �&0 � � �  � � ��  
� ��'�   2 �  ��� ��� 0 � ���� �&2 � � 0 � � � 2  � �����  � � �&2 � � � ���!����#� � � � ��� � �H��� 2�� ��  � ���� � 0 � � � 2  � �����  � � � � �� � 0 � ��� � 0 

0 �$�   E � ��� 2 �� 2 � ��� �&2 �  ��� ��� 0 � ����(� �&2 � � ��� 0 �  ��� ��� 0 � ���� � 2 ��  *�  � � � ��>� �&0 � �������   �&0 � ������ � 0 ��� � � �� ������ � � � �
�  �	� �  � � � 2 � � ���  *� � 2  � ���  0 �$� �  ���� �   �  
 � � �&0 0 � ! � � � � 2 ��� % �-,/. � 3 +  � � 0 � - #D+?� � 0 � - � +?� � ��� �
K  �$����� �&0 � # ��� ) = �   ��� 2 � � � �� 2 �>� � ���!���� � �  -�   ���  2 � � � ���&0 ��� 2 �� 2 ����� � 0 � � � 2  � �����  � � 
����� C

K �����  � � � � � � �>0 � ���� � � � � 0  � � 2 �� � ��� 2�� � � � 2 � �$��� �&0 � 2 � �  ��  2 � 0 ��� 
����� �&2  � � ���� �  ��  2 � �� 2   �&0 0 
�  0 0�� �" 2  � � � +    2 � � � � � � 2 �   2 � � � 2 � � � �� 2 0 ��� � � � � 2 � �&0 ����� � ����������  �   2 � � � �&2 �  ����� ��=� �  � ���>0 &�  � �� 2  0 ��� � � � � 2 ��� �����������  C � 2 E � � C )  �$�  � � ������ � � �   � ����/� �  � � � � � 2 ����� G�2 �&2 � 3
� � ) ��� 2 �� 2 � � � � ���  � � 2 ���� ���  ��� ��� �&2 � �&2 � 0  ��� ���� � � � C� �  � � � � � 2 � � 2 � (��  �&0 ��� � �  �  2 ���� �������� �&2�� � � �����  � � C � � � � �  �  ���� � � ������ �  � � � � � 2 "  0 � � ��� ��� �&2 � �&2 � 0  � 
�����&�  � � ���� % �-,/. � ��� ��  2 ��� � � � ��� ���� "  0 � �������� �&2�� �� �����  � � � 2 ��  *� � ���<� �  � � � � � 2 ����� G�2 �&2 � 3
� � ) ���  � � � �� 2 � � 2 � �&0 ����� � ��� ���� �&2�� � � �����  � � �  �� � 2 � ��  � ����� �   (��� 0 �� � � 2 ��  *� �
��� � � 2 C:3 � � � � � � 2 � �
��� ����  � �   � �� �  � ����� 0 � � 
 ��� ��� �&2 � �&2 � 0  � 
����� � 2 ��  *� � ���
� 2 ��� � � � � � �>0   0  �  2 � ����� 2 �� 2 � C

3 �� � � � � 0 �  � � 
 � ��'�   2 �  0 � � � 2  ����� 0 � �  � � � � � ��� ���� �  ��� ��� 0 � �� 0 � 0 � � � 2  � �����  � � � � �>0 � ���� �&2 � � � � � �&0
% �-,/. � � � �&0 � � 0 �  �� 0 
 ��� 2 "  *�  � � 2 E � � C ) # ���  � � �  � � ��  � � � � � +    2 � � � � � 2 � 3
� � ) �&2 � � � D 3 � � - ��� = C� � ��� �  � �� � 2 � � � �� ��� ��� � � � 2 � � �  � � ��  �(� ������  �  0 � �!� � � 0 0 �  ��  2 ��� � �  �� ��� �� � � � �&0 � �  � � � � � 2 �(� 2 ���
2  ������ �  � 0 
   0 � �� � ��� � � � � � 0 9�  � � � � � 2 �&0 �  
 � � �&0 0 � ! � � � � 2 �  �������� 3�� C  C 2 ��� � �  � � � 0 
 ���  �  0 � �� � ��� � � 2 = C
� � � � � � � �>0  � � 5 �  �&2 � � � 2 �   0  �  2 � � �   2 � � 3 E � �&2 � ��� � 2 � 0 � � � 2 �� ���  �&2 � �  � 2 ��
  ��  2 �� = � 2 � � �  � � �8� � � � 0 
 �&2 � �  � � � 2 &� � � � 0 
 ��� ���� ������  �   �  � ��� 0 
 ��� 2 � � � �� 2 �-� � ���9�  � � � � � 2 �&0 �  
 � � �&0 0 � ! � � � � 2 � � �� � 5 �  �  �������� � � ��� �>2 � � 2 �����  ������� ��� �� � � � �&0 � �  � ����� 0 � � 
 �������� ��� �&2 � �&2 � 0  � 
����� C � �$� (��  � � � � �7� �  ������ 2 ���� ��� � � �  � ����  � �  � 2 � � � � �   � � � 2 � 2 ���� ��� �&2 � �  ��� 2 �� 2 � �  � � � � � � � 2 ��
���� � � � � �  � � � � � �� 3�� 2 ��  *� ���� E � �  B� � 2 = ��  *� �(� � � � 0 
 � 2 � �����  ���� 2  � � 
 �������� � �   2 � �  0 � ��� ��� � �B� �  � ����� 0 � � 
 � �&2  �� �>0 �B�  � �
�  0 �  ���"�
� 2 ��  � � � � � 2 C � 2 ���� ������  � �&2 � � ����=� � � ����� � ������ ���  �  0 � � � � 2�� ��'�   2 � � 2   �&0 ��� � � � � � � � � 2 �&2 � � � 2   �&0
��� 2 �� 2 � � � 2 ��� �   �� � ��� �&2 �  � 2 ��  �  ��� �  � ����  � � �����  ���� 2  � � 
 � 2 ���� � � 5 �   0  �  2 ����� � � � � � � � � 2 ��� ����
� �   2 � �  0 � � �  � ������>� � � � ��� � � � � � �>0 � ���� � � 2 ���  �� �>0 �N�  � � � �

 >�  � � � � � 2 �&0 �  
 � � �&0 0 � ! � � � � 2 C E �   � � � � 0 ������-� � � � ��� � �
���� �  
 � � �&0 0 � ! � � � � 2 ��� � 2 ��  � � � � � �&0 �  �����	��
  ��  2  � � 2 ���  �� �  � � �� � ��� ���� � �  �(��� 0 �� � � 0 � � � 2 � �����  � � � � 
  �� �>0 �N�  � � �����  ���� 2  � � 
 � 2C6 � D % �  � � � � ��� ���� � �   2 � �  0 � �  �  � � ����>� � � � ��� � � � � �   ���"� �
�   2 ��� � �   ��� � � � �>0 � ���� 3 �  � �>0  � ��� �  � � �  � �  0 � = � ���$� (��  ������  � �� 0 0  2 �����  �  0 � � � � 2 � ��'�   2 E � �&2 ����  3 � ��� = 0  ��� � ������� � ���  ���� ��
�� �������� � ����� �����  ���� 2  � � 
!�������� � �   2 � �  0 � ��� � � � � � � � � 2 C:G�2 �&2 �M�   ��� ��� � � ��� �� � � � 2   �����  ��
�  � ��  0  �  2 � ��� � � � � �� C . 
 ���� � � � �� � 
�� �&0 ����� � ��� � � � ���������� � 0 � � � 2  � �����  � �� � �� � �  �(��� 0 �� � ��� � �  ��� � � � � � � � � 2 ��� �&2 ������  ��� ��� 0 � ����(� � � � �� 0 � � � 2 �� �����  � � �   � �   �  � � � � � ������ �&2� � �  �  ��� ��� 0 � ������ ������  � � � �>0 � ���� � �&2>2 ���H� � �  � � � 0 
 � �  � � � 2 �]� �  �   � � � � � �� �  � �  � � � � 0 
 ���� � � �  �  0 � C
G � ���  � � 2 � 0 
�� (�� 2 � �1�  � �&2 � �  � � ��� �C% �-,/.10 0 � �� � �   2 � �  0 �H� � �   � ��� 2 ����� � � � 2  � � � � �&2 � 0  � 
��� �  
� �  � � �1A �$� � � �&2>2  0 � ��0 ������� � � � � � �  � �>0 � �� � ��� � �>� � � 2 ����� �  � � � 0 
  ����� � �&0  2 �
��� ���� � 2 ���� � � � �  � �>0 � �� � � 2
� � � 2  � ��� � �  ��� � ��C



� ��� � �����������

� � � �5� ��+� $ � ����� �+�
3 �� � �   2 � �  0 ����� � �  �  ��� 2 � � � � �>0 � �� � ��� �� � �&2��  � � �  � � ��  � !  �!� �>��� 0 0 �$� _ � �-� � �  � � ��  � 2 6 � � )��� �&2 � � �&2 ���  ��% �-,/. �(� 0 � �� 0 
 � 0 � �   ��� ��� �  �*! ����� 0  � � ���� �  (�� 2 �&2 � �� � ���� 3 6 � � ) � 2 ����  �&2 �� ��� +�+?� �

� 2 �  �   ��� � � ��� �>2 �/���   �  0 
 �&2 � ��� �>2 ���&2 � �  
 � � �&0 0 � ! � � � � 2 ��� �  �����	��
  ��  2  = � ��� � � �  0 �-� � � �  � 0 ��� ��� 2
� 2 ��� � � � � � �>0   0  �  2 � � 0 � �� ���!�&2 � 3
� � 3��&2 � �&0 � � � 2 � 2 ��� � � � � � �>0  �  � ��  0  �  2 � � 0 � �� ���� � , \1\/� .  2 � � ��� �&0 � # ����� = ��� � � � � � � � ��� �  �    ��� � � � � � �&0 0 �����  �>0 �  ���  � 0 �� � � 2 ���
���� � �&2 � 0  � � �  �� � � �  0 � � �  � 0 ��� �
�   � � ��� � ���� 0 @� � � � ��  % �-,/.  � �  � � � � � 2 �   ���� � �� � � �&2 � � ��� ������  ����!� � �  �� ��� ������  �  0 � � CB3 ��^��  

0 �$� G�0 ) � � ��� 2 �� 2 � ��� � ����� � 0 � 2 � 0 �&2 � �  �����	��
  ��  2 �� � 2 ��
  ��  2�� ������  � � ��� � � � ��� �� �&0 0 �$��� � � ���  

�>0 � � � � � �	� �>0 �  �  (� � � � � � 2 ��  �  �� � � � � 2 ��� ��
  ��  2�� ���� � � � � �����  ���� �   � � � �>0 � ����7�  � � �=% �-,/.10 0 � �� �  0 �H� ����� � �&0  2 � ��� ���� � �   2 � �  0 ����� ���� � �����  � � C�3 �� � � �  ��� ��
  ��  2�� � � � 0 � 
�  � 2 � � � � �   � � ��� � � � � � � 2 ��� � � �� �  � � � � ���� 
 � � �  �  � � 2 � ��  � ����  � � ��  � 2�G�0 ) � �>C ��2 ���  � �>2 � �� 0 
�� ��� ���� ���� �   �  0 
 �  
 � � �&0 0 � ! � � � � 2 �&2 ��  �&2 � � � � � � � � 2!� 
 � � 0 � � � � � �� � @���  *� � � � � 2 � ���� �  �  � � � 2   � ��� 2 � � �   � � � � �   C
3 �� ��� � � �  � � � 2 � ��'�   2 ���� � 2 ��  �  � � �   2 � �  0 � ����� � �  �  � 0 ��� � � ��� �� �&2 � � � � � � � 
�� �� � � � � �&0 0 
  � � �� �!� � ����  �  ��� � �  � � �� � � 0 ����
� �  ��� ��� �M���  � �  � ��� �&2!� 2 ���� � � � ���� ���� % �-,/. � ��� �� C]G � 0  � � � � �&2 � 

�  � � 2 � �  � ������ � � � � � � � 2 ��� ��0 ��� ��� � � �  � � ��  � � 2 ��� � � � 2 � � ��� % �-,/. �(� ���� ��� 2 �  � � � � ��'�   2 0 ������� � � � 2 ����� 0 � �  � � � � � ��� � �  �  � 0 ��� � � �
�
�>0 � ���� �&2 � �  ��  2 � 0 ��� 
 % �-,/. � �  � 2 � �  0 0�� 0 0 � � �  � �� � � 2 E � � C ) # C . 
���� � � � #� � 
�� ��� �&2 � 
�����1�  � � ���� �  � 0 ��� � � ��� �� � � +   �  � � � � � � �&0 ���� �&2�� ��� �����  � � 3 E � � C )  = � 2 ��  *� ���� � � +    2 � � � � � � 2 �   2 � � � 2 � � 2 0 G�2 �&2 � � � 2 0 3
� � ) � �  � � � � � 2 � � � �  � � �(� � � �  �^�  � � ���� � �����  � 2 �  � � � �

� �
�
�>0 � ���� ��� ��	 � 6 � �� ���&% ��� � � �   � 0 � �   ��� ��� �&2 �  � 0 ��� � � �

�
�>0 � ���� ��� �&2 ��� � �

�
�>0 � ����)�  � � ����

% �-,/. � ��� ���� � �  � � � �>0 �  0 
 � 2 ��  *� �
��� 3
� � ) ��� 2 �� 2 � C
G � � 2�� 2�� � � �N� � 2 �   � � � � �   2 �  �	� � �  � ���  ��
  ��  2�� �� � 
�����;�  � � ������  �	��� � � 0 � � � � � � ��� � ��� 3  C � C�� �  � �&0 ��
�� �&0 � # ����� 3 � � ���   � � �>2>0 � �� 0 
 � 2 ���� � � �  ��� ��� �&2�� �
���� � �   2 � �  0 ����� � �  ��
  ��  2�� �� 0 � �����  � 2 �  � ��� ��� �� � � � � � �  � 2�% � � � � � � � ���� �� � � 
 ���� �>2 ��� � � � 2 ��� � �  �  2 �� ��� � � � �>0 � �� � 0 � � � 2  � 2 ��� � � � ��� �� C�� � � 0 0 ��� �  � � �"� � 2 ���� � � ��� � �>0  �  � � � 2 ��� ������  � � � �>0 � ���� �  0 �$� C

� K�� K�� � WN[�a!Z T�X Q � � � XYT�_
� �hT�b � �Pj U�V!T\[^b a!Z Ud]/_)Z T�[ U��`Whj
% � � ���������� �  � � � �&0 �  � � � � 2 �������� ��� �&2 �	��� � � 0 � �� � � � ���  ��� � � � �>0 � ���� � ��� �  � �  � � �  � � � � � 2 �&0 �  
 � 0� �&0 0 � ! � � � � 2 ��� �=% �-,/.10 0 � �� �  0 � 3  C � C � �&0 0 � � ��  �&2 � � �	� � � 2 � # ��/ # � .  �$� 2�� 2 �]� # ��/ ) � \  2 (�  � 2 �� �&0 # ��/�/ �� � �� � � �� �&0 � # ��/�/ � � �   2 � � � �&2 � �  0  �  2 � # ����� � % � � �  � � �&2 ��� � � � �&2 � � � )  � � = C \ � �� � � � � 2 � ��� 2 ��  2� � �   �  !� �����  � 2 �  � � � � 0 � 
�   � � �

�
�>0 � ���� � � �  � �  � ��� �  
 � � �&0 0 � ! � � � � 2 ��� �&2 � �� � � � � �  0 � � � 2 � � � �  � � 2 �� � � � � � � � � �   3 � � � � � !  �� �&0 � # ����� = �&2 � ���� ��� � � � 2 � � � �&0 0  � � ��  0 � � � � � 2 �  � � � � 2 � ����� � � 0 0 � � � � � ���  ��  � � � 2 3  C � C \  2 (�  � 2 �� �&0 # ��/�/ � ,  ���   � # ��/�/ � � ��� � �� �&0 �N� )  � # = ��� � � � � �� 2 � ��� �>2 ��  � �  � � 2 � �&2 � 0 

� 
����� 0 � ����� 0 ��� � ��(� � ���  � � �� � ���$� 2 � 2 ���� �  ��  2 ��� � � � 
 C � 2 � � 2 0 G�2 �&2 � � � 2 0 3
� � ) � �  � � � � � 2!� � � �  � � �
3 E � � C )�) = � � � � �  �  ����� � ������   � � 2 � � �  �� � � � +    2 �� � ��'�   2 � �  -� �&2 � 0  � � � �>0 � ������  � � ���� % �-,/.� ��� �� �&2 � �  � � � �&0 � � � �>0 � ����(� ���� � ��� 2 � � +    2 �� �  � 2 � ���� �  �    ��� � � +    2 � � � � � � 2 ��� � � � �&2 �  � �  
�  � 2 � �>2 �� � � 2 ���� � � �  ��� �  � � � �&0 � � � �>0 � ���� C;6 � � � �   � �75 � � � � "  � �����  �	� � �  ��� � ������ �  � � � �&0 �  � � � � 2 ������ �&2 � � �>�� � � � ��� �  0 � ����� � � � �  � �>0 � �� � ���  � � ��� ���� � �  � � �>A �$� � � �&2>2  0 � �&2 � � 
�����/� ��   � � � �>0 � �����  � � ���� % �-,/. � ��� �� � � � �  
 � � �&0 0 � !  C

�  � � ��
�   2 ��� � � � � � �)��� ��� � 0 ��� 2 ����� � �B���  % �-,/.2�  0 � � ��� � �  � 2>0 
 � 2 � � � 
� �  � � " � �   � � ��� ���� ��� �&2� �&2 � 0  �  � � � � 2 � ���� 0 �  ���� ��� 2  �  � 2 � � /� � � 0 � 2 � 0  2 � � � � �  � ���  � � � �  �  � � � � 2 � � � � � � � � � � � � ��� ���
��� � � � #  � � � 2 ���� % �	� � ��� �   �>C�K 0 � � �&0 0 
��;�  �� � � � � �� ��� � �����  *�   ��� 2 ����� � �-���  % �-,/. � �  �	� � � � � 2
� ��� �  ��  � 2>0 
 ��� ���� � �&2 � 0 !�  � � � � 2 �  ��  2 � 0 
  ��� � �  � � 2 ��� �&2 CF3 � � � ��� 2 � 0 � � � � 2 �   � � ��� ��� 2 �  ��� � � �����)� � � ����� � � � � � � ��� ���� �  � � � �&0 �  � � � � 2 �  
 � � �&0 0 � !  � �  � � % �-,/. 0 � �� �  0 � � C;3 � � � � �  ��� �� � �&2 ��� 2 ��  2
0 �  �� 3 � � ��� � �N� � �  = � � �&0 �� � � � 2 � � � ��� � � 0 � �� ���� , � � � �	��3���� � � � �� � � � 2 0  2 ����� = � ���� � �&2 � 0  �  � � � � 2�� �
� (��� � � ��� � 
�����/�  � � ���� % �-,/. � ��� ��=� � � 0  ���� �$��  0 
 � 2 � �  � � � �&0 �  � � � � 2 � � � ���  ����  2 � � �&0 0 
 ��� % �-,/.
� �
�
�>0 � ���� C
G � � 
 ��� � � ��� �>2 �1���  ��� � ��� �  ��� �� � � ��� � 2 ������4����� � �  � �   � � � � � � � 3 �  � ����� = % �-,/. �  0 � ��  
 � 2 ��� ����

�  � � � C E ��� � � � 2 � � � 
 � � � 0 
 0 � ��  �&0 �  0 � � �$�� �  2 � � 2 ������  � � ����  � ����  �>2�� ���  *� � �&2 � 0 �A �$� �  ����� � � � 2 �



� ����������� � ���

��� ���� � �&2 � 0 &A �$� � � �  0 � C �   � � 2 � � 2 � � 2 � ��� � ��� � �   � � � � � 2 � ��� 2 ��� � �� ��� 2 ��� �&2 ��� 2 ��  2 ���� � � �&0 0 �$� �� �
� �  � � ��� ���� �  0 � �  ��� 2 � �� � 
 � �� � 3 �������(� � � �   *� � � ��� � 0 � � ���  � � � � � � � = ���  � �&2 �  � � �������� 0 0 �$� � 2 �
��� 2 � 0 � � � � 2 �   0 (� �&2 � ��� ��� � ���  � �>0  � C�G�� � � � � +?� ��� ���� ��� �&2 � �&2 � 0  �  � � � � 2 � � �  �  � (��� � � ��� �&2 
��� ��� �  � 2 � ��� % �-,/. � � �  � � � � 2 C � � 2 ��  �  0 
����  � �&2 � � �   ��
����  �(� � �  2 ��/���  �  
 � � �&0 0 � ! � � � � 2 ��� � �  � 0 ��� ��  0 � CB3 �� � �&2 � 0 �� � � � � � � ��� � 0   ��� �&2 ��� � � �  0 � � � ���� � � �  ��� � � �  � � 0 � �� �  2 � �&2 � �  
 � � �&0 0 � ! � � � � 2 �
��  � ��� 2>0 
 ��� �$�� %? � � � 3 �  ��!  2 �  0 � � �&2 � D �  � 
�����#� � ��� � � � 0 0  � � �  � � 2 � �    � �   �  0 
 �>2 ��� � � � 2 = � � �
��  � ��� 2>0 
��  0 0
�  0 �$� � � 0 � ��� � �� � �   � � �  �� � � � ���$� 2 � 
 (� � �  2 ��C���   � � � � �  
 � � �&0 �  �$�
��� � 2 ���� � 
���� �&0 0 � 3 �  � � � � � ����(� �� � C C C = C E 0 ��� � ��� 0 � 
� ���&0 � � �&2 � � � �  � �&2 �  � 0  � 2 ���� � (�� 0 �	� �  2 ����� ������  �� � � �  ��(� � �
� � ���� �� � � 
����� ����������� ��� � � � ��� ��� � � � � � 2 ��� � � ��� � � � 0 ���� � ��� ���� 0 � � � � � � �� ��� �  
 � � �&0 0 � ! � � � � 2 ��� ���� �  � � � � � ����
3�� � ��� � � � 0   � � �  � � � � � � � � � 2 ��
  ��  2  �  
 � � �&0 � = C�� �� 2 �$+  � �� � � 
 � �� �  � @���  *� � � � � 2 ��� � � � � � �  � ����  
��� � � � 2 � �  ��� 2 � � !    ��� � � � � 2 ��� � �  � � ����� � ��� � � 2�� " � �&2 � � � �&2 �� � 2 � � 2   �&0�� ���  � �>0 � �� �&2 � � �� � � � �  
�� � C  C
� 2 � � ��� �  ���  ��� 2 � � � � � 2 � 3���� �$�� � � ��� � � � 0 � ���� � � � �� ��� 2 � � � � � 2 � = C7G�0 ����� � ��� ����   � � 2 �  ���   � �  2 � �&0 �  ���� �  �� � � �&0
��� � � ��� ��� �&2 � � � 
 �   � � �  0 
 ���� �� � �   � � �  !���������� �&0 0  ���"� ���  � 2 � �  
 � � �&0 0 � ! � � � � 2 ���������� 
�  � � � � � ����(� �� � �   � � �  �� ��� � �  � �  � � ��'�   2 /� � � � �&2 � #  � � � � �   �  � � ���>0 
 ��� � � �� � � � � ���� C � 2 ����������  � �&2 � ��������  � �  � � � �  �� �   2 �����  �&2 � � � �  � � 
!� � ��� �� � �   � � �   � 0 � � � � �#A �$� �&2 � �     � � 0 � �� ��� ������� 0 � ��-� ��  ��  � �&2 � � �   �� ���� � �  ��  2 � 0 
�� � C  C�2 ����� �  �  � � ���� % ����� 3   � � � � 2 � % ����� 0 (�� 0 � 2 � �&2 

� 0 � ����(� � � � � �&0 0 
 = C�G � ���  � � 2 � 0 
��$�  � 2 ��  ��� � � ����
�� � ��� 2�� � � �� � � 2 �#���  ����  � � 0 � �� �  2 � ��� ���� �  � 0 ��� � � ��� ��
� � � ���  � �� � � 2 � ��� ���� � � �  ��� � � � �&0 0 �$� 0 � ����� � ����  � � 0 � � ��� �  � 0 
 �&0 ��   � � 
 ��
 �  ������  *� �&0 A ��� � � C

3 ��  � � 0 � �� �  2 � �&2 � �  
 � � �&0 0 � ! � � � � 2 �� � � �  �� ��� � �&2 � 0  � � � �>0 � ����<�  � � ���� % �-,/. � ��� �� � � �� 2 ����� � 2 �
� 2 ��� � � � 2 � � ��� ���� ��� �$�� � �� �  � �  � �� � � �  �� C]3  ��� ��� 0 � ���� �  ��  2 �4�   ���  2 � 0 
 (� � �  2 ��#���  �  
 � � �&0 0 � ! � � � � 2
� 2 ���  *�   � �  � � �7A �$� � � �&2>2  0 ��� � �   �$��  � � � � �>0 � ����� � � �  �� � � � 0 
 ��� � �
���� 
  � � 0 � �� � � 2 � � �&2 � 0 ���� � �  � ��� 2  � � �	� � �  2 � 0 
 ����� 3 ��  
 � 0 � �  ��� � � � � � � � � �� � �   � � �  ��(� � C  C ��� � � � #D)  � � � = ���  � 2 � � � �	� � �  2 �
� � � �>2 � ��� � � �  3 ��   �&0 � �]� ��� � � � �  � � ���  � � � � � � ��� � �>0  ��� ��� �&2 � � � 
 = ��� �&0 0 �$�  � �  � � � � � 2 � 2 0 � 2 � � � � � �&2 ����
3 � � ��� � (��  �&0 � � 0 � � ���  � = ��� ���� �  0 � � 0 @� � � � ��  �  
 � � �&0 0 � ! � � � � 2 ��� ���� � � � �>0 � ���� �&2 � ��� �&0 0 �$� ���� � (�� 0 �	� 0�  2 � ��� ��� �  �  �  ��� 2  � � � � ��� � �&2 � ��� ���  � 2�� � � � �� � � �  ��   �����  � 2 �  � � �  2 � � � + � � � � 2 � � C  C � � ��� �� � �   � � �  
�&2 � � � �  C�3 � � � 0  ��� � � �����  �	� � �  ��� � ������ �  ��� ��� 0 � ���� � � � �  �	� � 2 I�� � ���� 2 � � ����  � �7� � 2 � �$��� I � � �  0 
 I �	�  2]I
� 2 ���� � � �  ��� % �	� � ��� 3 � ��   ���� � � ���� 2 � � ����  � � � �&2 � 0    � � �� �8% ����� 0 (�� 0 = �&2 �10 ���� � (�� 0 �	�  ��� 2 ����
� � �  ��� ������  ��� � �  �  2 �������� �  ��� ��� 0 � ���� 0 � �� � 2 ������ ��� � � � 0 � � �   �>C � 0 � � � 2  � �����  � � 
�����  � � 0 � �� � � 2 �� � � 0 0 ��  
 ����� � �&2 � 0  � � ���� � � �  � � � ���� � � � 2�� � 
 ����������  � � ���� 2 � � ����  � �^� � 2 � �$��� C � 2 ������  � �  � �(� ��� � �� � �>0 � � � � 0 
���� � � % �-,/. �  0 � ��  
 � �-����� � �  � � 2 � � �  �   � �-� ��   ���� � � ���� 2 � � ����  � � � �&2 � 0  � � � � ��� 
� � �&� � 
����  � � ��� � ��� � 2 0 � ����� � ����  � � 0 � ��CL3 �� � �  �&0 0  0 � � � ���
� 0 � � � 2  � �����  � � 
������� � ��� ���� � �� ��� � � 
���
��� � � 0  �;� �&2 � ����  � �   �   0 � 2 � � � � � 2 ��� ���� % �	� � ��� ���  � � � �  �&0 � 2 � ��� � ��� � �  � �   � � � � 2 � � ���$��� ��� � ����� � �
� � ���� 2 � � ����  � � � ���  0 0 � 2 � ��� � �  �  � � 2 �&2  � �� 2 � � � 2 �&0 � � C  C � �   ��� � 2 �]� � �� � � 2 � C<G�2 � � ���� 2 � � ����  � � I�� � � � �  I� � �>0 � ��� � � �  ���>0 ���� ��  � ���� �  � � ��� 2 �&2 �   � � � � � 0 �  ��  ��� �&2!� � � �$� 2 � � !  C

� K�� K9M � j��@a!T�j![^T\W
� 	 T�_eU 	�� 	#b�]5U��`Whj Whj Q � � � [^W 	�� W#Z �eU��`Whj
� 2 ��� � � �  � � � � 2 �  � � � � � ��� �  � @A 
 � ��(� � � � 0 � � � � � � 2 � ��� ���� ��� � � � � � � � � 2 �&0 � �  � ����� 0 � � 
 ��� ���� � �&2 � 0 

� �
�
�>0 � ������  � � ���� % �-,/. � ��� ��^���  ���� � 2 ��  � 0 � 
 � ��'�   2 �  0 � � � �  � � � � 2 �&2 � � ��  � 0 ��� � � �&0 (��� 0 � � � � 2 C

3 ����  � � �  � � �4� � 0 0 �  � (�� 0 �	�  � � �  ����  � 2��&2 ������  � � �   C

�^����
 � ���������h
6� ��� � ���	�	���� � ����� �	� � 7 � ( � � �E$ �����	���d� � � ��� �+� (
% �-,/. � �  ��  2 � � � � �   �&2 �� � 2^% ��D 3J% � --E  =  � � � � 3 � � 2 = � 0 � ��� � � �&0 0 
 � � �  � � � �� � �����  � � � � � 2 �&0 �  
 � � �&0 0

0 � ! � � � � 2 � 2 � �  � � � �&0 � � � � � � � � � �   C$3 ��>� � (� ��� � � � �&2 � 0  � 
����� 3B0 � ��� �  2 � � = �� � ������  � � � � � � � � � �   �� � ��� �  � � � � � �� �  0 � � 3 �  0 � � � 2  ����� 0 � �  � � � � � ��� � �&2 � 0  �   � � ��� � ����(� � C  C ���  ��� ��� � � �  >C � ) = � � �&0 � �C��  

� �	� �>0 �  �&2 ��� � �  � � � � ���>0  ��� ���� � � �  � �  ��� � � � C � � � � �  �  ��� � ���  � � � � � �� % �-,/. � �    �   0 
   � � �� � � 2���� �  � A � �  3 �   E � � C ) # = C�� �� 2 ��� � � �   � ��� ���� � � 2 �������� 0 ������� � � � 2  ����� 0 � �  � � � � � ��� � �&2 � 0  �  ��� ��� 0
0 � ���� 3 � �  � � ��� �  2 � � � � C  C �  ��� ��� 0 � ����1� � ��� 2 � � 2 ��  � � � � � �&0 � ��� = � � � � � �  �  � ��� � �
���� � � � � �  � � � � � �� 3��&2 � ��  

�>2 ��� � � � 2 = � � � � 0 ����  � � ���� % �-,/. � �	� �>0 � � � � 2 � � �� �&2 � � 2 ���  � �� � � 2 � � 2 � ��� ���� � � � �4�   ���  2 � ��� 



� � � � �����������

��� ���� 0 ������� � � 2  ����� 0 � �  � � � � � ���!� �  �  ��� ��� 0 � ���� C � � 2 ��  �  0 
��� ����� 0 � �  � � � 0 ������� � ��� � ��� � 0 � � � 2 �� �����  � � �&2 �
� ��� 0 �  ��� ��� 0 � ���� � � � �>0 � ���� �  ��  2 � ��� � � �  � � � � � � 2 ��� ���� �  ���  ��� � � � �   � �  � ���>0 
 � � � � 0 �  �������� � 2  ���
% �-,/. �>_�� 0 � � � 2  � �����  � � ���  � �� � � 2 � ��� 0 ������� � � � 0 � ��� � 0 
 � �   �  � � � � � ��
��� �&2^% �-,/. � 3 � �  4�   ���  2 � ��� ���  >C � ) ��� � � �   � ���  >C + / ���  % �-,/. � = � ���$� (��  �  � �   �  0 
 (��� 0 �� � 0 ������� � � 3 ���  Z %? = �   2 (��  � � �   �� �
� 2 ��� �&2 � �&2 � 0  � � � �>0 � ����7� � � 0 �� � � � 0 ������� � �(� �&0 ����� � ��� 2 ������  
 ��� �>2 ���&2 �H� � �&2 � �  � � �� � � 2 ��������� �&2 �
�&2 � �   � 2  ����� 0 � �  � � � � � ��� �  � � � �&0 ��  � � 0 � �����  � �-�   ���  2 � 0 
 � �� �  � �  � � 2 ���� �  ��  2 � ��� 
 ���� �&2 � 3  C � C	 � �"� �� �&0 � # ��� # � , � ��� �&2 � \ 0 ����� 2 � # ����� = C

�  � 2 ��  �  �� ������ ���  
 � � � � 0  � � �   � � � � � 2 � � 2 ����1��� 0 0 �$� � 2 ��� � 
 _ � � 0 � 2 � � � ���� 
 � � �  � �� � 2 ��2 ��'� �  ������ �  � � �-A �$� � � �&2>2  0 �(� �  � � � � � �� 0 ������� � � � � �� � ��  
 0 �$� �  � � ����� 0 � � 
���� �   � �  � � �� � �  � � ���� � �&2 � 0 
�&2 � �&2 (�� 2 0 �$�   �  � � ����� 0 � � 
 ���   � � � ������ �  � � �� ������!�  �&2 � � � � � 2 � ��'�   2 � �  � � �)A �$� � � �&2>2  0 � �&2 �
� 
����� ��� � �  � � 0 � �  ��� ������  �&2 � � � � � 2 � ��'�   2 ������'� � 0 ��� � �  ������ � � � � 3 � 0 - � 0 � = �&2 � ��������    0 ��� � �  ������ � � � �
3 � 0 - � 0 � - � ���;� �  �>0  2    �� �&0 � # ����� = � � � � �� 2 ���� 
 �  ��� �  ���>0  ��� � � �  � �� ����� �"� 0 
 ��� ���� � �  � � ���� ����
0 ������� � � �   �&0   ��� 
=�  � � � � � 2 � �� � ��� � � �  �  �    C�G � ���� � 
�����1���  *� � �
���� � � � ���� ���� 0 � ����� � ����  �� 0 ������� � ��  � �� 0 � 2 � � 2 ��� ���� � � � 0 0 �  � ��� � � � ��� � ����  *� �&0 �  ��� �  2 � �&2 � � � 0 0 ��� 2 � � 2��  ���#�  � � � � � 2 � �� � @���     � � � � 2 ������
�  � � � C E � � C ) # 3�� = � ���$��� ��� � ������ � ��  � �� � � +    2 � � � � � � 2 � � � �� ��� �  0 � � ��� � � �  � �� 0  � � 2 ��� � 0 � � � 2  � �����  � �
� 
����� ��� ��� �&2 � �)��  
 � 0 � �  ��� ���� � ��  � �� � � +    2 � � � � � � 2 � � � ��!����  � � �� �Y% �-,/. � CB3 � � � �>2  ���  � �� � �� �>0 � � � 
 � � � 0 
!��� � � �&2 � � � �  � �&2 � 3 � � 5 �  � = � �  ����� ����&�  � � � � � 2 � � � � 2 ��� % �-,/. � � �&2 ��� � �  � 2 � � �  ����� �&2 � 0 �� �&2 ��2 ��� � 2 � � � ��  � � � �&0 � � � � � � � � � �   � C�6 �#� ���� 2 � 0 � � 
��� � � �  0 � � � �  � � � � 2 � � 
 ��� 2 �  � 0 ��� � � � 
�  �   ����� ��� � � � � � � � � 2 ���   � � �� � % �-,/. �(� � ��� �  � ����� � � � � � �>0   0  �  2 � � �   ��� 2 ��  2  ��C
\� u��	��� � xL( � � � xe����
 � �������)�	� � 7 � ( � � � �	����� � ������� �

G�2 ������  � �  ��� � � � ��� 2 ��  2�� 2 � % �-,/. � ��  ���� 2 �� � �(� � � ��� � � �  0 � � � �  � � � � 2 � � ���>0  ��� � ��  � ��  � � �  2 � 0 
���� � 2 �   �  2 � �&0 �  0 �N�  � � � � � 2 � �  � ��� �� � � �N� �  � � � � �  � ��� � � 2 ���� �  0 � � 2 �   � � � 2 3  C � C�� �&2 � � ���  �� �&0 � # ��� )
�&2 � � �&2 
 ������   @��   2 ���� = C�G � � 2 � ���� � � 5 �   0  �  2 � � � 2 ��� � � � � � �>0  ���  � 2 � � �  � � �&0 �  0 � � 2 ����� � �&2 � 0 
�   � � ��� � ����(� ��� � � ���� � �  -�   ���  2 � 0 
 � �  � ��� � 2 ��  ���� �  0 � � 2 � �  �    ��� % �-,/. � 3 � 0  � 2��&2 � � �&2 � � ���  �# ��/�� = CX%  0 � � � ��� �  � �  � � 0 �$� �  �    �  0 � � 2 � ���;��  � � 0  0 ��  ! � 0 � ���� � � ���� � � � ��������� �  0 � � 2 �   � � � 2 � � � �� �� � ����  ��� ��� 2 �� 2 �  � � � � 2 ��� �&2 �  0 �/�  � � � � � 2 � �  � ��� �� � � � ����  � � � 2 ���� �  0 � � 2 �   � � � 2 � � � ���� � �&2 � 0  � �
�  ���  ���� � �� 0 
 �  � 0 ��� � � 2���� � � � �  � � �&0 �  0 � � 2 � �  ���  ���� �� C � � ������  �  0 �7�  � � � � � 2 �B�   
 � � �  2 � 0 
 � � �  � � ���������	�!��� ���� �  0 � � 2 � ��� 0 � � 2 � �  0 � � � � �  � � � 2 � � � � � �&0 0 �$� �  � ��� � � 2 ���� � �&2 � 0  3B0 � �������� �  � � � � �  � ��   =� � �>0 � � � �� �  � ����  ��� � ���� 2  � � � ��� ��� 2 �� 2 � C � �  � � � � � 2 � � 2 ��� D	� � ��� ���� �  � � � � � �� �  0 � � ��� � � � � �  � �� �
� 2 ���� � � �&0 0 �$� � �&2 � 0  ��� ��� �&2 � �&2 �  �� � � � � �� � �  � � ���� G�2 ��� 2 �� 2 � ����� 0 � � � ��� 0 � �  ��� ���� �  ��� ��� 0 � ���� C
�  �   3 E � � C # � = ��� � � ������ �  � � � � � 2 � ������� � � � �  � � ���  �  �� � ���� G�2 ��� 2 �� 2 � �  �   � � � 2 � ���  � � � 0 
 3 �  � � �� ��� � + = ���  � � � 2 �  �  �   � � ���� E � 3 �  � � �� ��� /�/ = C E � 0 0 �$� � 2 � %  
�  �� �&0�3 # ��/�� = �X� ���� � 2 � ��� � �
��� � � �   2 �
���  � �� � � 2 � ����� � � �  � � �&0 �  0 � � 2 ���   2 � �&2 � ��� � � ���� �  ��� ��� 0 � ���� �  �	� � � 2 � � � � � 2 ��� �&2 �   � ��� �  � �  � �
� 2 �   �  2 � �&0 �  0 ���  � � � � � 2 �� � �  � � �� � �  � � � �  � � � � 0 (�� 0 ����� ���� �  0 � � 2 � ��� 0 � � 2 C�3 ��   � � 2 ��� 
 � �� � � � � �� �  � � � � � 2 � ��� G�2 ��� 2 �� 2 � � � ���  � � 2 � ��� ���� 0 ��� � � � � 2 � �'� � � 0 � �  � � � �� � 3�� ��(� � �>2 �   � � ���  � = �  ��� ��� 0 � ��
� �  � � �>A �$� � � �&2>2  0 ���  � 
����� � �&2 � � �����  
 ��� 2 �  � � �� � G�2 ��� 2 �� 2 � � C:G�0 � �]������   � � 2 �   0 � � � � 2�� ��'�   2���� G�2 ��� 2 �� 2 �
��� �  ��� ��� 0 � ���� �&2 � ���� �  >� � �  ��� ��� � �  �  2 �� 3�� 
���#��  � � � � �  � � �7A �$� � � �&2>2  0 = � � 2 � � � � � � 2 ���� � � �  0 �  ���"�   � � � � � 2 � � � 0 � �� 0 
 2 ���
���� �  ��������
���$��  2�� 2 �)� �  � � � � � 2 � � 28G�2 C

G�2 ��� 2 �� 2 ����� � 0 � � � ��� 0 � �  � � ��� ��� �  � 1��  
 �  2 � � � � �� ��� �  
 � � �&0 0 � ! � � � � 2 ��� 2 � � � � � 2 �(� �� �  � � �&0 0 
 ����� �  � �  0��  � 0 � ��
������ � ��  ��� 2 �� 2 �H� �&2 � ��� � � ��� �  0 � � � �� � 2 ��  �  �� � � � � 2 C . 
 ������ � � >� � 
���� �  � � � � � 2 � � 2^G�2 ��� 2 �� 2 ���� � 0 � � � ��� 0 � �  ��� �>0 �  @A  � �>� �  � � � � � 2 � � 2 ������   0  �  2 � � ��� �&2 ��� 0 � �� � � �&2 ��G�0 � �&0 ����� � ��� ���� ��� 2 �� 2 �  � 0� � � 2 � � 2 ������ � 0  �  2 � � � �  ���  � �� � ��� �  0 ����1� �  � ���>0 ���� �&2 ���� � 2 ���� ��� � 2 �  � � � � � �� �  0 � � C E �  � �>2 � �� 0 
��� � � � 0 �  ��� 2 � 0 � � � � 2 � ��� 2 ��  2�� 2 ������ 0 �  �� � � � � ��  � ���  � � � �� 2 � � 2 � � 2 � 2 ��� � � � � � �>0 
 0  �  2 � � ��� 2 �� 2 �  � � � � 2 ���� ����� ����� 0 � �  � � ���  0 � �7� � ��� ��� �&2 � �&2 � 0  � � � �>0 � ���� � �&2 �  �  ��� �� � �  � � �&2 � 2 �  �  2 �  2 � � � �   � � � � � 2 _���� ���!�&2 � 3
� ��� 2 �� 2 � ��� � 0 � 2 �	��
  ��  2 �� 3 E � � C ) # = � �&2 � �  � � �  � ��  0  �  2 � ��� � ��3B0 � �� ���� � � D ���  � � � �]�.  2 � � � �� �&0 � # ����� = C;G � ���  � � 2 � 0 
��<�  ��� � 2 � ��� � � ���� 0 �  ��=� �  � � � � � 2 � � 2 ���� G�2 ��� 2 �� 2 � ����� 0 � � � ��� 0 � �  � 2� �  �  � � � � � �� �  ��� ��� 0 � ���� � � �  � � �  � 0 
   0 � �� � ��� ���� ��� ��� 2 �� 2 �  � � � � 2!� 2 ���� �  � �   2 � �  0 � � C��  ��� 2 � 0 � � ��� � � ���� � � � � 2 � ��� � 2 �   �  2 � �&0 �  0 �>�  � � � � � 2 � � 2 ���� �  0 � � 2 �   � � � 2!� �  � ����  0 � � � �� ��C



� ����������� � � �
� K�� K�J � T�[ UdWhj��`[rZ T-U U��Pj 	\W
�BU�V!T � 	 ]/j W �YV��`Wh_
�eUdT��#U�V!T 	 ]/jhU�_`TcX � �#T�Z

� T�b�Z � T�[ U�� �hT K
3 �� �� � ��� 2�� � � �� � � 2 � ��� ���� ��� �&2 �	��� � � 0 � �� 3�� � �"� 0 �  �1��  � � � � � � 0 ���� �&2  � � �� = � �  � ��  0 
 �  � � �� � � � 2 ��� �   ��� �&2 �� 
� �  � 3 3  C � C��  0 0 �&2 � �&2 �)%�� � � �� 0 � # ����� � � � 0  � �&2 � # ��/ # � G�0 ��� � � ��  �� �&0 � # ��/ ) � ��� ��� �&0 �(� # ��/�� = �

� � � � � � � � 0 0 �>2 �&2 �M�    ��CX% �&2 � 0  � 
����� �&0 � 2 /� � 0 0 ��  � ��� 2>0 
 2 ��� �  � 2 � � � �" 2�� �� �&2 �M�   ��� ��� � � ��� �� � � � 2 � � �
� � 0 �� � � �&2 �  ����� � � �  2 (� � �  ����
����(� � �  2 ������=��  � ���� ��� 2 �  �$��  � 
 C

�  � � �� �   2 ��� � � �'� ���  0 0 � �" 2  � �&2 � ��� 2 �  � � �� � � � � � � � ��� ����  � � 0 � �� � � 2 � �&2 � 0  � �  ! � �  � � ������� ��� �&2 C � 2 �� � � ��� I��&2 � �� � � � � I � � �  � � ��  � � � �&0 � � � � ����������� ��� � � �&2 �!� � � � � � 0 � �� 0 
 � ��� �  � �  � � ��
 �  � �� ��  0 � � 2 � ��� �  � 0 ��� � � �  ! � �  � � ���� CF3 �� ������  � 2  � � � � � �   2 � �  0 � ��� � � �  ��  2 � � �&0 0 ���� � � �  � � ��  � ���
�  � � � � � �� � � � 0 ���� �&2  � � �� � � � �&0 � � � � � ��� � �  ��� 2>0 
 � 2 � � �   �� �  � � �� � �   � ����� ��� �&2 3 � 0 � � �&0 0 
 0 �������� �&2)�+?� ��� ���� � �  � � �� ��� ���� � �&2 � 0  �  � � � � 2 = C

�  � � ��� � � ��� � � �� � ��� � � ���� � � (� � �  2 ������ � � � � �  �
���� ��
�� �������� � �
��� �&2 �  � � �� � � 2 �=���  ���� ��� �&2�	��� � � 0 � �� C � 2 ��� � ���  � � �� �   � � ��   ���� % �-,/. � ��� �� �  �	� � � � � ��� �>0 � �  � 2 ��  �  ��� � � � (� � �  2 ������  �	�  2�� 2 � ����� � �&0 0 � �  � � 2 �&0 � � � � 2 ��� ��  �� ��  ���� 2 �� � � �  �������� �� �&2 � ���� � �&2 � 0  � � �  �� 3 � �  � � �&0 �  0 � � 2 � ���� � � 2  0 0 ��  ! � 0 � ���� 2 ��� ��� 2 � � � � 2 � �� � � 
�A ��� � � = �   ����� � � �  � � �  0 �$� � � � 0 ���� �&2  � � ���� C
3 � � 2 � � �   2 ��� � � � � � � 0 �� �>2 ���  � �>2 � �� 0 
 C�3 �� � ��� 2 �  � �>0  � � � ��� � � � � � �>0 � ����N�  � � ���� �  � 0 ��� � � ��� ��

�    �   0 
 �  ��  2 � � 2 ���� ��� �&2 �  � � � � � �  0 �'� � � �  �7�  � �  �   ��� � �  �  2 ��   � �  �� � � 
 G �  � �� �&0 3 # ����� = �&2 ����� � � � �&0 0  � � ��� 0 ����
  � � �&2 ��G�0 0  
^��� 0 � �&2�� � � 3JG�0 ��� � � ��  �� �&0 � # ��/ ) = � � � �  � � � �� � ��� � 0 � �� 3 � ) =1� � � � � � � �(�� 2 � � 
 3 \  2 (�  � 2 �� �&0 � # ��/�/ = C � �/� � �>0 �!�  � �  �  � � � 2 � ��� � �H� � 2�� � � �"� �  � � �   ��� � 2 � ��� 2 �� � �H� ���� � � 5 �  � � � � � � 
��  �  � ��� � � � � � 2 � ���� � �&2 � 0  �  � � � � 2 � � � 2 � � � 5 �  ��� �>2 ��  � �  � � 2 ���� �  � � � C � 2 ���� ������  � �&2 � �
�&0 ����� � ��� ���� 
 �   �>2 ��� � � � 2 � � �����  � 2 �  � � � � � � � �>0 � ���� � � � � 0 �  ��� � � � �>0 � ������  � � � �  �  � 0 ��� � � ��� �� � � �
�   2 � �� �  � �  � � 2 ���� �  ��  2 � ��� 
����� �&2 � � 2 � � �   ���� �&2  � � �� ��� 2 �� � � 3 ��	 � 6 � �� ���&% ��� + ���� %�� � 0 G � 0 �&2 � � �, � � ����  C � C , � ��� �&2 � \ 0 ����� 2 � # ����� = C�6�� � � �  � 0 ��� � 0 ������� � � �   �&0 � �=� 2 �$� 2 � � � 2 � 0 � � � � 2 � � 2 ���� 2 ���  
 � � � ���� � � 0 ���� �&2�� � � � � �&0 � � 3  C � C�6 � � � 0 (� �&2 �=6 � � � � ! � � # ����� = C � ������� � �B� � ��� � � ��� 0 
 �  � 0 ��� � � 2 ��� � � � � � �>0 
 0  �  2 � �
��� � � � � � � � � 2 � � � � � � ����  6 � � ) ��� 2 �� 2 ����� �&2�% �-,/. � �C���  *� � 2 � � � � ���� �&2  � � �� ��� 2 �� � �H� (�� 2 � � ���� 

�   2 (��    � � �� ��C

G�2 ������  � � �   � � � � � 2   0 (� �&2 � ��� ������ � ��� � �>0  �  � � � 2 �������� �  � 0 ��� � � ��� �� � � ��� � �H� �������� � �  �  2 ������� ��� �&2 �  � 0 ��� � � �
�
�>0 � �� �   2 ��� ����� �&0 0 
 �>2   0 � �� � ���!���� ��� � �  �  2 �������� � �&2 � 0  � � � �>0 � ����-�  � � ����

% �-,/. � ��� ��=_���
  ��  2�� ���� �&2 � � �����  � 2 �  � ���� �  � � � � � ���� �   � �   ��� �>2 ���&2 � � � ���� � � �  � � � ����   � ����  
��� I�� � ���� 2 � � ����  � ��� � 2 � �$��� I � �" 2  � � 
 ���� ��� � �  �  2 �������� �  ��� ��� 0 � ���� �&2 � � 0 � � � 2  � �����  � � C:3 � � � � �-��  
� �  � � � � �>0 �  �  � �>2 � ���� % �	� � ��� �   � � ��   ���� �   � � ��� � ���� �   � 2 � ���  � � 
 � � �&2 � � 2 �  � � � � 2 � ��� �  � 0 ��� �
� �
�
�>0 � ���� 3 �   �&0 � � G �  � �� �&0 � # ����� � .  2 � � � �� �&0 � # ����� = C
G � ���  � � 2 � 0 
�� ��  �	� � � �����-��� 0 0 �$� � 2 � � �� 2 �  � �&���  ���� �� 2 �� � � �&2 �  � � 0 � �� �  2 � ��� � �&2 � 0  � � � �>0 � ����

� 2 ��� �&2 C � ��� � �&2 � 0  � ���  0 0 � 2 � � � ���   � � � � � � � �&0 0 
!���� �  � � 
!���  � � ��� �&2 � � � �&040 � ����� � ����  � � 0 � ��C;3  � �  0 � � �   � 2 �   � �  � 2 ������ !��
 �  � �� � �&2 � �  � 0 ��� � �   � � ��� � ���� �  � ����   � ���� �    �  0 � � 2 �]�B� � ��  �  �   � � � 2 �� �  �� � 0 
����� � � 0 � ��� � �� � �   � � �   3�� �$� 2 ��� � � ��� � �>0 
 �� � 0 #  � � � ���  C � C�� 
 0 0 � �� # ��/�/ = � �&2 � � � ���  � 2 � �������  *� � � � � 2 ��� 6 � � ) 0  � � � �  0 � � C�3 ���� � ���  2 �$��  �  ���� �   � 2 ��� �� � � 
 ��� � � �  0 � � 2 � (�� 2 � ��� 2 �  � � � �� � �����  � � 0� �  ����� �   � � ��� � ���� �&0 � 2 � ��� 2 5 � � � �� � � �� �
��� �  � � �(�  � ����  � 2 �  �  2 �  2 ����� ����  � �� 2 � � � 2!� �   � � � � 2   0 � �� ���� � �   ��� � 2 � 3 ��
 �  � �>0 � ���  � � � �  � 2 � �  �������� = C 	 �  ��� ���� 0 �$� �� � �   � � �  ���� ���� ��� �>2 �  
  ���"� �(� ������  �  0 � ��    2 ��� ���>0 ���� �  � �� 0 � 2 ��0 � 2 � � � � � �&2 �� � � � 
=�  � � ���� �  ! � 2  ��� �  � ��� � � � � 2 �&2 � � � ��� � �� 0 
 �  
 � � �&0 0 � !  �
� ���M� �  *� � ��� �  � � � � � ���� � @���     � � � � 2 ��������  � � � C�3 �� �  � � � �&0 ��� ���� � � ���� 2 � � ����  � � � ���  0 0 � 2 � � � 3 �  � 0 � � ��� = % ����� 0 (�� 0 � � � ���  � �� � � 2 � ��� �&2 (�� 2 � ��� % �-,/.10 0 � �� �  0 � � �  0 � ��  
 � 2 ��� ���� �  � � � �&0 � 2 � � �  � � �1A �$�
� � �&2>2  0 � �&2 �!� 
�����
�  �  2 �� � � �  �&0 0  0 ��� ���� � �   ��� � 2 � � � � ��� ���� � � +    2 � � � � � � 2 � � � �� 3�� C  C �� � �   � � �   = ���������  �  0 � �4� � � 0 �  �� 0 
 ��� 2 �  � 0 0  � � 
 ���� 0  2 ����� ��� ���� �  �  � �� 0 � 2 ��� ���� � �&2 � 0  3 � � �
� �� 2 �  � � ��� �>0 � � � � 0 

� �4�  0 0 ��� � � � 0 ���� �&2  � � �� � �� � � 2 � �  ��� � �  � � 2 �&0 � � � � 2 �   0 � �� � �  2 ��� ��� � ��� ��� � � � � 2 C



� � � � �����������

� ��� � SYQ
� ��V
	#WXSYQ

�  (� � � � � � 0 � ��� � " � � � � � 2 � � �� � ������ ��� �&2 � �&2 � 0  � 
������� �  ����  � � ��� 2>0 
�� 2 ���� ��� 2 �  � � � � ��'�   2 ��
 0
 ��  2�� ���� �&2 � � �����  � �(� �  � � � � !������  0 � ����� 0 ��� � �� �  ! � � � 0 
 � � � � � 2 � ��� � �� � � 2 ����!"  0 ��C � �^� � � � �  �  2 � 0 

��� � � � �� � ��� � ������ ��
  ��  2�� ���� �   �  � � � � � �� �&2 � D �  � � �����  ���� �   � � � �>0 � ���� �   � �� � �  � � ���� � � �  �  � 0� �  
 �  0 � � � � ���� � �   2 � �  0 � � ����� �����  � � C � �� � �� � ���$� 2 ��� � �H� � 2 ��  *� � ����� ��  ���� 2 �� � �(� ���� � ��� 2
� � ��� � � 2 ��� ��� �  � � � � ��'�   2 ��
  ��  2�� ���� �&2 � � �����  � � � � � � ��'�   2 � � � �>0 � ����>� � ��� � 0 � � � 2  �&2 � � 0 � � � � 0
� 0 � �  � �  �  0 
 �  
 � � �&0 0 � ! � 2 � ��� � � �� 3 �  ��� ��� 0 � ����(� � 0 � � � 2  � �����  � � �&2 � � 0 � � � 2  � �����  � 2 �  � ���� = �&2 � � � � �>0 � ����� � ��� ��
  ��  2 �� � �  �  0 
 �  
 � � �&0 0 � ! � 2 � ��� � � �� 3 ��
  ��  2�� ����(��� �����  � 2 �  � ���� 0 2 �  � ���� �&2 � � � �  � ���� 0 ��� 2 �&0 � ���� 0�  � 2 � �$5  � � ���� = CL3 �� ��� 2 �  � � � � � � � � � ��  ��� ��� � � � � � � � � 2 ��� ���� � �   2 � �  0 � � �&2 � ��� ���� � �&2 � 0  � � �  ����
2 ��� ��� �  ���� �  
��� �  
 � � �&0 0 � ! � � � � 2 C�3 ����  � � � �>0 � ���� � �" 2  �'� � � ��� 2 � � � � � � ��� ����(� � "  � � � 2 >� � ��� % �-,/.
� � �  � � ��  �(� � �  ��� 2 � � 2 =� � ��� � � �  � � ��  � � 0 � �   ��� �  � 0 ��� � �&2 � �� � ���� C;3 ��=� � � ����� � � � �&2 � 0  � 
�������  � ����� �&2 � �� � � � �&� � 2 �   � �   ���� � �  &� � � �� �   ��� � 2 ��� �&2 � �&2��  � �  � ����� � ���  � � � �"� 0 �  � � �� � � 2 �^���  �����	��� � � 0 � ���� � � �
��� � ��� �&2!�&0 � � �   ��� 0 ��� 2  � � 2 ����-�  � �  ��� ��
 �  � �� � �  0 � � 2 � ��� ���� � � �&0 0 �$� 0 � ����� � ����   � 2 �� � � 0 ���� �&2  � � ���� �� � � 2 � C�3 �� �  0 � ��  
 ��� % �-,/. 0 � �� �  0 � � � 2 ��� ���� ��� �&2 �  � � ��� � �7����� � �  � � 2 � � � ��  0 0
� �" 2  � �   � � C$G�2 � � � �  � �&2 � � �  � ��� ����4�  � � � � � 2 � � � � 2 ��� % �-,/. � � � ���� � 0 � �� � 2 � �&2 � 0 ���� 2 ����� � � C � �  ��� � �� � ������ � ��� � �
���� � 2 �   �  2 � �&0 �  0 �>�  � � � � � 2 ���  � ��� �� � � �>� �  � � � � �  � ��� � � 2 � � �&2 � 0  � ���  0 0 � 2 � �  �� � �  0 
� � �  � � �� 2   � � � � 2 � % ����� 0 (�� 0 � �&0 ����� � ��� ��� � ��� � � 2 � � 2   � � ��� �  ��� 2 "  *�  � � 
 � �  � 0 ��� �  � �� � � � � � � ����� ��� �&2 � �&2 � 0  � 
����� � ��  ���� 2 �� � �(� � 2 � 0 � � � 2 � � � �  0 � 2 � �&2 � �  � ��  0  �  2 � � ��� � �>C �  (� � � � ��� � � � � �� � � � � 2 �
� �  � ���� � �&2 � 0  � 
�����  �  2 � � � � � 2 � ��� � 2 ��  � �&0  � 0 � �  �����"  0 � � �&2 � �  � 5  � ���  � ��N� � ����� � � ��� 2 � � �   � 2 � ��� � � �&0 0���� � 
����� �   2 ��� ������ 2 �� � � � � � � �  ��� 2 � � �    � � � ��� � � � � � � 2 C

�����	��
�����������������
������� �"!��#�%$'&)(�*+��,#-.�/*'-.0�132&)4 & 5+56�'*+�718���/9:�#!���4+;/� 0�<=->2?�"<@&�A#� 0 5�� 0+,/�"9:�#�%!�&�A/��0B;C->2?��D60�EF4 0�E9:�HG�(6&)!��#�/9%&)-I$

;#0��32&J932?�#4 5�*�EF�%&)(K"*+��-.�"�+A/L#EF&J9%&)-I&�0�(?MN-.08OP(6(��#QSRT���%&��3UP0�L#E6�#-�M?VW�+,#&��#(6(��8*+�X18���/9:�#!���46��(�*8UP� 562?�+�#4Y18�#$�� 0�('Z�2?0
<��+*+�[->2?�X560�4 &J9 2?�/*\->2&)(�9:�/A#-I&�0�(?9/M]-.0@RT��� ACRT0�(6(��#� �/��E";#0��P2&J972?�#4 5^&)(�->2?�3_`�#4 *\��(�*@9%-I&)<@EF4 ��-I&)(K�*�&J9:A#E9/9%&�0�(?9/M
��(�*[-.07a"&)4 ��4FOP4FOPb#�%&JMY;/� 0�<c->2?��de<���(Tfg�/0�4 0 Kh&�A/��4�i�EF�%!��#$jMWZ�2?0�<��+*+�3560j9/9%&�,#4 �k_`�#4 *[ZX0�� l[&)(mde<���(�n6V3&)(���(�A#&���4
9%E�5+560��%-6;#0��7->2&J97ZX0�� l'ZX�j935�� 0�!�&�*+�/*�,#$@->2?�'o3�#(6-I� �8p���-I&�0�(���4W*+�C4 �"UP�/A/2?�#� A/2?�7iNA#&��#(6-I& _`L#E6�C&)(H->2?�];/� ��<��/0B;7->2?�
5�� 0 Kh� ��<�9rqts@0��/9:��4 �q���(�*^qts[$�(���<@&�L#E6�rD6�#�%� �%9%-I� �@�#-]1`4 ��([u�#-.��&)� �q:n

� �+v w � � �8��8Q
���8	

G�0 ��� � � ��  � 3 C � �� �  ������ C G C � % �&0 0 � �"�<� 	 C � C � C �� \ 0 � � � � � � � � C % C 3 # ��/ ) = CL3 ��C��� 0 � �&2�� � � �  � � � 0�  � ����
 �&2 � ����  ���� 2 �� � ���������� ��� �&2 � ��� � � 0 � �� ��� � � 0  � C � � 2 �  � � CX%�� 2   �&0 C ����  � 0 C � / # _# ��/ 0 # /��>C
G�0 0  � �&2>2 E C �&2 � �����  � 3 5 C 3 # ��� ) = C�3 �� �	��� � � 0 � ��  ��� � � 0 �  � �� �  0 � ��� ���� � �  ��� ��� �&2 � � �>2 0� ��� 2 � C \ � 0 ��� �  K  � 0 C �  0 � C � � + _ � + � 0 ������C
G �  � � C � .  2 � � � % C �&2 � �  �>0  2    K C�3 # ����� = CB3  � ��� 2�� �!� �� � � 2 � ���  ���� �� 2 �� � � �������� �&2�� �

� 0 � � � ���  �&2�� ����>_ (� � �  2 ��/�  � � � � �&0  � 0 � �   ��� � 2 � � �  � � � �   � 2 ���� ��� �&2 �	��� � � 0 � �� C \ �  ���
� 0 �&2 �� C:6 � � C�� �� � C � # ��� _ # ��� 0 # �&%(C.  2 � � � % C � ��� 0 � � % C��&2 � �  �>0  2    K C>3 # ����� = 3  � ��  0  �  2 � �&2 � � � �����	� � � � � �  � � ��  � ! � � � � 2 ���� � " � � � � �>0 � ���� � 2!� ��� ��� � 0 � �&2 � 0  � � � � �  3 ��� �&2 �	��� � � 0 � �� = C � �� � C]K  � 0 C � # �&% _ # ��� 0 ) # %(C.  2 � � � % C ���  �>0  2    K C �&2 � ��� 0 � � % C�3 # ����� = CN3 ��   �  0 � � 2 � ������
 �  ������  *� �&0 0 
 �&0 ��   �
�   � � ��� � �� � � � � � 0 ���� �&2  � � ���� � 
 � 2 �  � � � 2 � � �&2 � 0  � � � � �  � C ��� � �  �� %? ) _ + # % 0 + # />C. � � � �   E C �&2 � � � 0  � �&2 , C K C 3 # ��/ # = C �  � ��� 0 �  � � � � 2 ���  � � ��� ���� �   � � ��� � �� � 2 ���� 6 � � ��� 0�	��� � � 0 � ���� 6 � � ���� � � ��  2 ��� �&2 � � �>2 � ��� 2 � C � C]K  �	����
 � C , �� C � /�� _ )�+ �!� 0 )�+ � ) C.  �����  � ��C � % �(�� 0 � C �&2 � . � � � �   E C�3 # ��� # = CB6  � ��� � �&2 � � � � � �����	� � � ��� 2 � �  ��� 2 � � � 2 ����
�� 2 �� � �
��� � � �&0 � 0 �&0 � �&0 � 2 �� 0 � ��� 2�� � � ��� �� � 2 ��� �&2 �	��� � � 0 � ��   0 � �� � ��� � � ��� � � � � 2 �  �������� C� 2 _ 3 C � C �����  �(�]\ � � ���  � � ��� � � 0 � �� �� 2 �� � � �&2 � (��� 0 � � � � 2 ��� ���� �&2�� � 0 � ����� � ����  �� � 0 � �   
G � ���  � � � �  ����-_ + # � 0 + % ) C



� ����������� � � �

.  �$� 2�� 2 �]� � C 3 # ��/ ) = CF3 �� � ��  � 0 ���	
�� �� ��� �� � � � �  
 �&2 � � �  � � � �   ��� � 0 � ��� 2�� �  ���"� � ��� ������� �&2 �	��� � � 0 � �� C � � C 	 C]3 ���� � �(� %�� 0 ��� 2 �  
 2 �� � �  2 ��2�� ��  � � � 
 C
� �  ��  � � C � C;3 # / +  = C:K  � 0 ��� � � �&0 � � �   � � � � � 2 �
� 2 ���� � � 2  � � �  ���"� �
��� % � � � � � �&2 �!� � � 2  � ��� 0

� � �  ��� � � � �&2 � �10 � � �� ��� 2 ����  *� � � � � 2 � � ���� �  � �  � � � ��   2 �� C � C . � � � � 
 .  �&2 � � , � 
 C
G � � � � C:6 ��� C � ��� 0 C �M�M� _ #�# / 0 #D) �>C

�  �>0  2    K C 3 # ��/�� = C�6 �  � � � �   � �� �	��� � � 0 � ���� ��� ��� �&2 _1A � � � �&2 �� 0 0 ���   � � � � �>2 �� 2 �  
���  ��� �&2 � � � 2 ���� �&2������  �� � � �  � � � �� � 0 � � �  � �&0  C$3 � ���  �  0�� �>2�� ��  � � � � �  ���&2 ����4_ ����� � � C �
���&2 ���� C

�  �>0  2    K C 3 # ��� # = C \7� � �  2 ��-���  � � �&0  � 0 � �   ��� � 2 � �� 2 ��  � 2 ���� ��� �&2 �	��� � � 0 � �� _ � �&2 � 0 � �  � � � �  �� � 2 ���� % �	� � ���!�   �>C � 2 _ 3 C � C �����  �(��\ � � ���  � � ��� � � 0 � �� �� 2 �� � � �&2 � (��� 0 � � � � 2�������� �&2�� � 0 � ����� � ����  �� � 0 � �   G � ���  � � � �  ����(� # %?� 0 # � + C
�  �>0  2    � K C �� , ����� 2 �$� � �@!�� % C 3 # ��� ) = _ % �&2 � 0 �A �$� �&2 � �  0 � � � �  � � � � 2 �  2  � ��� ���� � 0
2�� �  � � �����_ % � �  0 � �   � �� � �  � � � � �   � � � � � 2 � � 2 �	��� � � 0 � ���� C � 2R% �&2 � 0 CA �$� �&2 � �  0 �� � �  � � � � 2 � � � � � 0 ���� �&2  � � ����(� G �   � � �&28K  �	����
 � � � �&0 ��2�� � 2 _ #D) � 0 #D+ %(C

�  �>0  2    K C � ��� ��� 0 � � G C �&2 � . � � � �   E C43 # ��/�/ = C�% �&2 � 0 -A �$� � � � ��  2 � � � �&2 ���� �&2�� � � �   � 0
� � 2 � �� 2 �   _ ���� ��� �&2 �   � � ��� � ����   ���  ��C�3  � ��� 2 �	����
 � � � �(� #D+ # _ # 0 ) �>C

�  �>0  2    K C � % � 2>2    � �=% C��&2 �=G �  � � C>3 # ����� = C$3 ��  *� �&0 � �  � � � �  
��� � ��� ��� � 0 � �&2 � 0  � � � � �  
� 2 ��  �  � �  � � ���� � � � �  � � � � � � 2 ��� � � " � � � � �>0 � ���� C���� � �  �� ���!� _ # %?� 0 #D+ �>C

� � 0  � �&2 � , C K C�3 # ��/ # = CX3  � ��� 2�� ��� �� � � 2 �&���  �	��� � � 0 � ���� � ��� � � � � 2 � 2 ��� �&2 C � C�K  �	����
 � C , �� C �
/�� _ ) %?��� 0 )�+  �/>C

� � ��� �&2 ��C G C � �  � � ��� 2 � C 	 C � 6 � �>2 �   � G C 	 C �&2 ��� �  � 
 % C � C?3 )  � � = C(%  0 � � ���   � � � � � 2 � � ��� � 2���� �  � � � �  2  � ��� ���� %�� � 0 G � 0 �&2 � � � , � � ��)_ (� � �  2 ��/�  � � � 0 � � � ��� 0 � �  �&2 � � 0 � 2 �	��
  ��  2 � � 5 �  �&2 � �  � ��  0  �  2 � ��� � � � � � � � � 2 � C \ �  ��� � 0 �&2 �� C]6 � � C � �� � C � # �!� _ ) % + 0 )�+ ��C	 � �"� � C � C . C � %  
�  � C 6 C � . 0 � � �   6 C � � �  � 
 6 C � 6 � � ���� 	 C �&2 � % � �   � C�3 # ��� # = C � � ����� � 0�  � � � �  � ��� � � (��� 0 � � � � 2 ��� �&2 � 2 0 � � � � �  � � � � 2 ��� ���� �&2�� � 0 � 
�  �>C � �� �&2 	� � 0 0 � 2 � �  ��� � � �
6 � �  2 � � " � , �� �>0 � �(� #�# / _ %?��� 0 + ��/>C	 � �"� � C � C . C �&2 ���� � 0 �&2 � � C � C 3 # ����� = C � � �� 0 � � � �� �  0 ��(��� 0 � � � � 2 �&2 � �  �&2 � � �  � � 2 ����
� � �&0 0 �$�� �&2 � 0  �  2  � ��� ���� \ � � � � � � � " � , � �  C � �� �&2 	� � 0 0 � 2 � �  ��� � � � 6 � �  2 � � " � , �� �>0 � �(� # % � _#  �� 0 # �&%(C\ 0 ����� 2 	 C 3 # ��/�� = C ����  � 0 ���	
 ��� � �����  � � �  ���"� �B�  � � ���� %�� � 0 � � 
 � �&2 , � � �� �   ��� � 2 � �� 2 ��  C� C:K  �	����
 � C , �� C � � ) _ � + / 0 ��/ ) C\  2 (�  � 28% C;3 # ��/�� = C � � � ��� �   � � � � � � �����  ��� �>2 �  � �  2 � �  �  ���� �� ��� � �&2������ �� ������
 � �  2>2 ^_
� ���  � 0 ��� �  �  0 � � � ���  2 �� � 0 � ��� 2������  ��� � � ��� � � �	��� � � 0 � � �����  �  6 �&0 � � � 3 ��� � �  �  6  � ��� 0 ���� �&2 = C]3 � ���  �  0�� ��2�� ��  � � � � � � ��� ��� � � �� �  � )  + � ��� 6 �  � � � � �  � C\  2 (�  � 2 � % C � �NA � � � �]� � C �� � � � �� � � �  � ��� � C�3 # ��/�/ = CF3 �� �  � ��� ��� �&2 � �  �� � � 2 ! � 2  � �(� � �  2 �� � � 
 ���� � � � � � � � �!� � � ���  
 �������� 6�� � ��� 0 �	��� � � 0 � �� 3 ��� �&2 = C13  � ��� 2 �	����
 � � � �(�#D+ # _ ) % � 0 ) �D%(C

E �  � 
 ��� 	 �*C 3 # ��� ) = C�K  �	����
 � � � �&0 � � 2 � �  ��� 2 � � � 2�% �&2 � 0 �A �$� �&2 � �  0 � �� 2   � � � � 2 �  2  � ���� � � 0 ���� �&2  � � ���� C � 2R% �&2 � 0 �A �$� �&2 � �  0 � � � �  � � � � 2 � � � � � 0 ���� �&2  � � ����(� G �   � � �&2
K  �	����
 � � � �&0 ��2�� � 2 _ # 0 � + C

K � ���  �&% C ����� � ���  0 � 2 	 C �&2 � . � � � 2��   � C 0 ��C 3 )  � � = C ,  0 � � � � 2 � � � � � � ��'�   2 �� ��� �� � � � �  
 �&2 �� �  � � � �   �  2  � ��� � � �&0  � 0 � �   ��� � 2 � �� 2 �   � � � � � 
���� ���� � �&2 � 0  �  � � � � 2 � 2 ���� ��� �&2�	��� � � 0 � �� C \ �  ��� � 0 �&2 �� C:6 � � C�� �� � C � # /� _ # ��� 0 # %?/>C
K   ���  
 , C 3 C(3 # ��/&% = C�%  0 � �   ��� 0 � � � � 2 �  2  � ��� � � �   ��� � 2 �  � � ��-_�(� � �  2 ��4�  � � ���� 6  � ��� 0

�   � � ��� � ���� ��� �&2 C � 2 _ � ��� � � 0 � ���� �&2 � G�2 � �  2 � � �� �&2�� � � � ����� � ����   C � CNK CNK � ���(� 6 C � C
� � � � �  � � �&2 � G C �*C:6 �� 0 ��� 2 \ � �(� K  � 0 C]6 ��� C � � 2 � � 286 �  � C � ���>0 C � # � _ +�+ 0 � ) C

K  �$�� 3 C ��C ��� � 2 ! 0   4, C � C �&2 � .  
 �&2��*C . C�3 # ��� ) = C E  � � � � � 2 � � � � 2 ��� %�� � 0 � �� �&2 , � � �� � � � �&0 �
3J% �-,/.�= C � 2=% �&2 � 0 1A �$� �&2 � �  0 � � � �  � � � � 2 � � � � � 0 ���� �&2  � � ����(� G �   � � �&2 K  �	����
 � � � �&0
��2�� � 2 � ) / # 0 � #  >C� 0 � @��� 2 �  . C � ��� ��� 0 � � G C �&2 � . � � � �   E C�3 # ����� = C \7� � �  2 ��N�  � � ���� ��� �&2 �	��� � � 0 � ��7���  � � ���  2� �  ���� � � �&2 ���� ���  � 2 � �  0 � � 2 5  � � � � 2 � � ���� �&2�� ��� �   ��� � 2 � �� 2 �  �� C	��� � �  �� ����� � ���!� 0 ��� + C��� � ���  0 � 2 	 C � ��� ��� 0 � � G C �&2 � . � � � �   E C�3 # ����/ = C 	 �� ��� 0  � � � � � � 2 � ��� � � �&2 � 0  � � � � �  �  0 �$�



� � � � �����������

� � �&0  � 0 � �   ��� � 2 � �� 2 ��  � 2 ���� ��� �&2 �	��� � � 0 � �� C � C]K  �	����
 � C , �� C � #  �� _ # / #D+ � 0 # / # �! >C� � �� � � � 3 C � \  2 (�  � 2 � % C � ,  ���   � � C � � � � �� � � �  � ��� � C �� 	 � � 0 � , C 3 # ��/�/ = C 	 � �&0 � � 
 ��� � � � 0� � � � � � � 2 ������ 0 � ��� 2�� � �  ���  2 �� ��� ���� 6  � ��� 0	��� � � �� ��� �&2 C 3  � ��� 2 �	����
 � � � �(� #D+ # � 3 # D % = �#  �� 0 #D) �>C�  0  �  2 � C . C � 6 � � � � ! � � C��&2 � 6 �&0 ��  � ��C � C % C 3 # ��� + = C \ � �  � � � � � 2 ��� � � � 0 ���� �&2 0  � � �� � � � �&0 ��  � � ���� � ���  0 0 � 2 � � �&2 � 0  � 
������ � �  � A �$� ��� �  0 � � 2 ���>2�� �� � � �&2>2  0 � C ��� � �  �� ��� + _
�D% � 0 � + �>C�  0  �  2 � C . C � � �  ��� K C � 6 � � � � ! � � C � 6 � �  �� 0 � �&2 % C��&2 � 	 � �"� � C � C . C	3 # ����� = C<G  (� � (� ����  0 � � � �  � � � � 2 �  �������� �� � 2 ���� ��� � ��� � � � � �&0 0 
 � ���  0 0 � 2 � � �&2 � 0  �  2  � ��� ���� �&2�� � � �   ��� � 2 � � � ���� C � � � 0 0 C]3  �&2 � C , C:6 ��� C � � 2 � � 2 G � � +�+ _ ) /�� 0 � # />C�  0  �  2 � C . C �
� ��� � � C �&2 ��6 � � � � ! �
� C?3 # ����� = C(K  ��� �� � � � �  
���� � �����  �
� � 0 0 � � 2 ���� �  � � �@D � �&2 � 0 �  �&2 � � � � � 2 ! � 2  �������� ��� �&2 �	��� � � 0 � ��C_ � � � 0 � � � � � � 2 �>���  ���� �  � � � 2 �������� ���� �&2�� � 0 �$�   
�  � � � C \ �  ��� � 0 �&2 �� C]6 � � C � �� � C � # %?� _ % � + 0 %?/�/>C� 0  � 2 \ C % C �&2 � � �&2 � � ���  � C � C	3 # ��/�� = C<K 0 � � �&0 ���  �  0 � � � � 2 � ��� ���� �&2  � � �� � � � �&0 � � �� � � � � 
� � ��� �  � ��� � � � �&0��  � ��� �&2 � �  � � � �&0 ��� � �"� 2 ���� C � C]K  � ����
 � C , �� C � � ) _ /� �/� 0 / #�#D+ C� ��� � � C 3 C � �  0  �  2 � C . C �&2 �)6 � � � � ! � � C>3 )  � # = C ����  ���� 2 �� � ���������� �  � � � � �&2 � 0  �  �&2 � � � � � 2! � 2  �&2 � �  � � � 2 ��� 0 �$�   �  � � � �&0 �  �  0 � �� � 2 ���� ��� �&2 �	��� � � 0 � �� C]K � � ) _ )  � � XK �  � � # � ) C� �   2 � � � � C �&2 � �  0  �  2 � C . C	3 # ����� = C �� � � � 2 ��� � �����  � � � 0 0 � � 2 ���� % ����� �  �&2 � � � � � 2 ! � 2 ��� ���� ��� �&2 �	��� � � 0 � �� _ � � � 0 � � � � � � 2 �1���  >� � � � � �  �&2 � � �  � � 2 ���� ���� �&2�� � 0 �$�   �  � � � C � C
K  �	����
 � C , �� C � #  ) _ ) ��� ) � 0 ) ���D%?�>C

� � � � � !  % C � � �  �&2 � � C 0 � C �&2 � � � �� � � 3 C 3 # ����� = C � �&0 � 0 �&0 � �&0 � 2  � � +    2 � � � � � � 2 �   2 � � 2 ����
� 0 � ��� 2�� ���  ���  2 �� �������� � ��� � � � 
 � � 0 � 
 � � �  � � � � 2 � � � 
 0 � 
 2 � � ��� � �'� 6  � ��� 0 �	��� � � 0 � ������� �&2 C � � ����� �(� ��/ _ )  �� 0 ) � ) C

� �&2 � � ���  � C � C � � 0  � 2 \ C % C��&2 � � 0 �&2 � 3 C�3 # ��� ) = C ����  � 0 ��� � � �&0 � 
 � �� � � � � � � ��� %�� � 0 � �� �&2, � � �� � � � �&0 � �/_ ��� 2 � �  ��� 2 � � � 2 �  0 � �� 2   � � � � 2 �  2  � ��� ���� �&2  � � ���� C � 2C% �&2 � 0 /A �$� �&2 ��  0 � � � �  � � � � 2!� � � � � 0 ���� �&2  � � ����(� G �   � � �&28K  �	����
 � � � �&0 ��2�� � 2 � # /�� 0 ) /� >C
�  �� K C % C�3 # � ) / = CB3 ��!�� � 0 ���	
 �&2 � �� � ��� 2�� � � ��� ��� �&2 �&2 � ��� � �  � � ����� � � ����  2 G  ����� �>C
K  � 0 C:6 ��� C�� � 2 � � 2 � � �  � C ��� �  C � /&% _ 2� ����� � + / + 0 ���! >C

� � � � �  � � 6 C � C � 6 �� 0 ��� 2 � G C �*C �� K � ���(� � C K C 3 # ��/�� = C:3 �� �	��� � � 0 � �� ��� � �  ����  2 ��� �&2 � %  2 C
K  � 0 C:6 ��� C�� � 2 � � 2 � #�# � # �!/>C

% � � �  � � � C � C �&2 � � � � � �&2 � �9K C 3 )  � � = C;G ��� ��� � 0 �  0 � 0  2 � � 2 ���� ��� �&2 �	��� � � 0 � �� _ � � � 0 � 0
� � � � � 2 �����  4� � � � � � � � � �   �  �������� �� � �4� � � ��� �   ��� � 2 �  � � ���� C \ �  ��� � 0 �&2 �� C]6 � � C�� �� � C �# �!� _ � + � 0 ���!�>C

%  
�  � C 6 C � 	 � �"� � C � C . C �&2 �83 ��� � � � � 2 K C 3 # ��/�� = C � � � �>0 � �� � �����  � �4�  � � ���� 6 � � ����� �� �� 2 � � �&2 , � � ���� + %  6 � �  # � � \ _ � � � 0 � � � � � � 2 �^���  �� � � � � � � ���  �������� �� � � � 0 �$� � �   ��� � 2 �  � � ���� C � � 2 �  � � C %�� 2   �&0 C ����  � 0 C � #  �� _ %�% 0 ���>C
��� � 0 �&2 � � C � �&2 � 	 � �"� � C � C . C 3 # ����� = C�%  0 � � � �  � � � � 2 ���  � � ��� � � ��� 0 0 (�� 0 � �����  � � � � � � �>0 � ������� �����\ � � ��� � � � " � , � �  � � � ���� 	   ��_ ���� �  � � � 2 ��� � � � � ��0  2 � �� �&2 � ���� �   � �  � � � �&0� �  � � � �  
���:� � � � � �   ��� � 2 �  � � ���� C � �� �&2 	� � 0 0 � 2 � �  ��� � � � 6 � �  2 � � " � , �� �>0 � �(� # % � _ ) # 0 + �>C
��� ��� 0 � � G C � 3 # ��/�� = C�%  0 �  � �  � � � � � 2 � � �  0 � � �  � � 2 � �  � � � �  �&0 � � � � � �� � 2 � �&2 � 0  �   � � ��� � ���� C� C ����  � 0 C � ) � _ ����� 0 #  )�) C
��� ��� 0 � � G C�3 # ��/�� = C�6 �  � � � �  ���� �	��� � � 0 � ���� �&2 � � 
 2 � � � � � ��� ���� �&2�� � 0 � ����� � ����   C � 0 � �   � �����

� C
��� ��� 0 � � G C � � 0 � @��� 2 �  . C � . � � � �   E C � �  2 � �  ��C��&2 � .  2 � � � ��� 0 �*C 3 )  � � = 	 � �� � � � �  � � � � � � 2

� 2 ���� ��� �&2 0 ��2�� �� � G  ��� \ � �  � ���� �	��� � � 0 � �� C]% �  C K  �	����
 � C , �� C � ) # _ ) ��� 0 ) /���C� ! � � � � C � %  
�  � C 6 C��&2 � . 0 � � �   6 C � C83 # ��� # = C<%�� 2   �&0 ���	
 �&2 � �� � � �  ������ �  � 2 0 � � � �&2�� � ��� � �  � �����  � � �&2 � � ��� ��� � � �� � � 0 � � � 2  � �����  � �4�  � � � � 0  �!� + . C � �� �&2 	� � 0 0 � 2 � �  ��� � � �
6 � �  2 � � " � , �� �>0 � �(� #�# / _ % # 0 �!�>C

� �&0 0 � � ��  � � C 6 C �� � �	� � � 2 ��� C G C 3 # ��/ # = CX6 � � ��� 0 �	��� � � 0 � �� � 0 � ��� 2�� ��� ��� ��)_�"  0 �   0 � � � � 2 �(� ��� � � � �  � � � � � 2 �(� �  
�� � � � � �  � � � � � 2 �&2 � 0 � 
�  � 2 �]� �&2 � � � � �  0 ��� � � �   ��� � 2 � , � � �� � � � � �
� � � � �   � � C]K  �	����
 � C , �� C � /�� _ )�+ ��� 0 ) �&%�%(C

� �&0 0 � � ��  � � C 6 C 3 # ��/&% = C � �   2 � � � � � � � �������� 6 � � ��� 0 �	��� � � 0 � ���� ��� �&2 C 3 � C�K C�K � ���(� 6 C � C



� ����������� � �W�

� � � � �  � � �&2 � G C �*C:6 �� 0 ��� 2  � � = � . 0 � �"���  0 0�6 � �  2 � � " � � ���>0 � � � � � � 2 �(� ��� 0 �! >C
�� �  �� � C G C � G�0 ��� � � ��  3 C � 6 �� 0 ��� 28G C �*C �&2 � 6  �  0  % C � C43 # ��/ # = C�3 �� ��� �&2 �	��� � � 0 � �� � � �

�  �� � �� � � � �  � 0 � � � � 2 ��� � � 0  �2_ (� � �  2 �� �&2 � � � � 0 � � � � � � 2 � C � � � 0 C<3  �&2 � C  C�6 ��� C � � 2 � � 2 �
�� � _ ) ��� 0 � # ��C

� � 0 �  � � � K C 3 # �� �/ = C K  � 0 ���	
���� ���� ��  � � �&2&K��>0 � �&2 � ��� 5 � � 2�� 2 � � �  � � � 2 � ��� ��  � � � �&2 �&G  ����� � �� 2 ��C:K  � 0 C:6��  � C %  � C � �&% _ # 0 ����C
�  �� 2 �&0 0 	 C � C �&2 � � � �$��  � C 	 C 3 # ��/�� = C � � �����  ���� �   ��� � �   ����� 0 � �  � � � ��� 2 � �  ��� 2 � � � 2 �����  � � � 2 ��� %�� � 0 � �� �&2 , � � �� � � � �&0 � � C � 2�% � � � � � � � �  �������� ���_�����
 � � ��� 0 � �� � � � �&0 �  � 2 � � � 0 ��
% 
 �  2 . C � C \ ��C � � + 0 /�� � K  ��� �� � � � �&0L6 ��� � �� 
�� ��2�� ��  � � � 
 � �  � C, ����� 2 �$� � �@! % C � �  �>0  2    K C��&2 � ��� ��� 0 � � G C	3 # ��/�� = C:%  0 � �  �   � � � � � 2 �&2 � � � ���� 2 � � ����  � �A �$� � 2!� � � � �  � �  0 �$� � �   ��� � 2 � �� 2 ��  ��_ (� � �  2 ����  � � ���� ��� �&2 �	��� � � 0 � �� C � C K  �	����
 � C, �� C � � ) _ �&% � + 0 �&%?/��>C,  � 2 � �  � � . C % C � 3 # ����� = C � 2 ���� �� 2 �� � � �&2 �  � � 0 � �� �  2 � ��� �	��� � � 0 � ���� � 2 ���� ��� �&2 �� � 0� 
 2 � 0 � 2  C:6 �  � ! C %�� 2   �&0 C ����  ���  C�%�� � � C � %?� _ # 0 �� >C,  ���   � C � 3 # ��/�/ = C � � � � 0  � � � 
 ��� ���� �  � � � �&0 �  ���  2 �� � 2 2 �  ����  2 ��� �&2 �	��� � � 0 � �� 3 E � ! � �&2 �� � � ����  2 G �M� ��� �>0 ���"� = _ ����  +  � �����  �  0 
 � 0 � � � 2 � �&3  � ��� 2 �	����
 � � � �(� #D+ # _ # ��� 0 # � + C, � ��� � C �&2 � \ 0 ����� 2 	 C;3 # ����� = C � � � �>0 � ����4�  � � � �  � 2 � 0 
 �  � 0 ��� � � � � 0 ���� �&2  � � �� � � � �&0 � � C
��� � �  �� ��� + _ / ) � 0 / ) �>C, � ��� � C �&2 � \ 0 ����� 2 	 C?3 # ����� = C \ � �   �  � 2 ��� � � � � � �>0  �  � �� 0  0  � �  2 � �  � 0 �� � � 2 ��� � � �	� � � �  � 2 �� � ��� �&0 � �&2 � 0 ��  � � � � � ��� ��� ���� � �&2  E  � � � �  �� � 2  C � �� �&2 	� � 0 0 � 2 � �  ��� � � � 6 � �  2 � � " �, �� �>0 � �(� #D+ � _ ) ��� 0 ) /&% � C,

����� 2 G C % C�3 # ��� + = C �  �	� � � � � � � 2 ��� � � � � � 0 " 0 0  � �  � �"� � C�G�2>2 C , (� C \ �  ��� � 0 �&2 �� C 6 � � C � ) � _) /�� 0 �����>C
6 � � � 0 (� G C ��C �&2 �Y6 � � � � ! � � C�3 # ����� = C ��0 �  ���  � 0 ��� � �  � � �  
 �  0 � � 2 � 0 � �  � � 2 �&2 � 0 � � � 2 �  � � ���� %�� � 0 G � 0 �&2 � � � , � � ���� ��� � �  �� ����� _ #D+ # 0 #D+ %(C
6 �   �"�� � �  2 � G C43 # ���!� = C 3 �  � � � � 0 � ��� 2�� �  ���"� � � � �  �	�   2 � �  C \ �  ��� 6 � � C , (� C � #D) _ # 0 ���>C
� �  � �&0 ��
 ��C � � � �   � , C��&2 � . � ���  � � C � C�3 # ����� = C � 2 ��  � � � � � 2 � � ��'�   2 �  0 � �&2 � � � �   L� �&2 � 0 

�   � � ��� � ���� � 2 ���� � �  ��� G  *� % � �>2 � ��� 2 � � ��� � �'� . � 
 ��� � � 0 �&2 � � �	��� � � 0 � ���� � (�4��� �>2 � 0 �&2 � �
� �&2 ����� _ � � � 0 � � � � � � 2 �)���  ���� �� 2 �� � � ��� � � 2�� 2�� � � � �&2 �   0 � �� � � � � � � � C � �� � C7K  � 0 C �#D) � _ � # 0 �� >C

�  0 0 �&2 � % C � C � C �� %�� � � �� 0 0�G C � C K C;3 # ����� = C \ � � 0 � �� �  2 � ��� ���� ��� �&2 �	��� � � 0 � �� C]G �  � � � 0
2�� � �   0 � �� � ��� � ��� ��� � � � � 2��&2 � ��� 0 0 � � � � 2 � . �>0 0 C:K  � 0 C]6 ��� C]G � C � /�/ _ #  �/ # 0 #  �/�/>C

� 
 0 0 �  � C � C 3 # ��/�/ = C�% � � � � �� 2 �� � �(� � 0 �&2 �� �� � ��� 2�� � � �&2 � � �� � � � �&0 � � +    2 � � � � � � 2 ��� ����
\ �  ��� C , (� C:K  �	����
 � C � ) � _ ���! 0 %? &%(C

� ��� � ����� �8	 ��Q
T�� W �YV
��8	 �^��� ��WXSYQ
	
�	�� 1]sCV�� ����@
��	�F�:�
�?������	k
������ �����:���S
��\�
���k������������?���! 

" ���k���#�#$ 6�� � � �  
 ��� � ��� 2 � � �  � � ��  � � � � � �L���   � � � 0 � ����� 0 ��� � � �&0 � 
��  � ���  *� � 2  � � 2 ������ � � � 0  � �	� � 0
0 � � � � 2 C � � 0 � � 2CIX6 
 � �]I � ���$�������� � 
 � � � 0 � � �  � � 2 �&0 0 " � �  �� � � � ����� �&0(2�� � �   ��� � � � � 0 ���� 6 � �� � � � � �� �� �  � � �� ��� ���� � �&2 � 0  �  � � � � 2 � ��  
 � � � 0 � ����� 0 ��� � � �&0 � � � � 0 
 � � � � � � 2 �&2 � � % � � � C _ � �� ��� � � �>0 � �� � G � � � C _
��� � � � �>0 � �� � % � � C _ � � � ��� � � 	 � + C _ � � + � �  �  �   � � � � � 2 � � E � _ � �  � � �1A �$� � � �&2>2  0 ��� � 2 � C _ � 2 �  � � � � 2 C

" ���k�����%$ E �  0 �!�&2 � � ��  ��� � ��� � � �&0 � � �  � � ��  � � � � � �N���   � � �!� � � � 0  C E �  � � � � 0 ���� � ��� 0 ���  0��  � � 2>2�� 2 �� � ��� I�/���I � I��� �I � I�� ) I � I�����I � I��&%XI �  I�� + I 3��&0 0 ��� � � 2 ���  � � ���� % �	� � ��� �   � = � ��� �  � � 2 � ����F�    � �&0 � �>0 � �� ��  � � 0 ��� �&0 � ! � � � � 2 � 2 �   � �&0 �����������  � ��� � �&2 � �  � ��� � � � � 2 � � �  � � �   � � � ��� K � 6 � ���� 
 �  !��� � �  � ����  
�>2 � � � �  � �� ��� � � �   � ��� 0 ��� �&0 � ! � � � � 2 ��� ������  � � � � 0 ��4� � � � � �    �  � � �   �!� �   � � 0 
^� � ��� ��K � 6 C]% � � ���   !�� � � � � �� � �  � � ��� � 2 �  � � � � 2 � � � �   � � � � � 2 � C � � � � �  � � � 2 � � ��� � � � �� � �  @� �>0 0 
 �  � � �   � � 
 � � � 2 �
��� �>2 � � 2 � �&2 � � �&0 � �>0 � �� � �  � � ����4� ��� 0   ���"� �&2 �&0 
�! �� � � �� � ���$� 2 ��� � � ����
  � �  � 2 �  � ��� �� � � 
 �� � � � � � � � 2 � ����  ��� �&2 � ���  *� � 2 � � � � 2!� � ��� � � � #  � � � � � � � C � 2 ����#�  � �  ��� ���� �  ��  2 ��� � � � 
�� � �/� � � � � � � ��� � �>0  ���
� ���  *� � 2 ��   � � �  0 
 ���� � � ���&0 ��� � � � � � � � � 2 ��� ��� � � � #  � � � � � � 0 �� C � � 2 �C_ 0 � 2 � � � � � �� 0 � �#_ 0 � � � � � � �� � � C _



� � � � �����������

� � � ����� 	  2 C _ �  2 � � � 
 � �� �  2 � C _��  �  2 � � � � � 2 � K�6 _��  ��� 2 � � ! �� ��� 0 � � 2 �   � � 2   �&0 �
� � ������� 2 � � �   �����  � � 2   �&0 � �&2 � ��� 0 � � 2 ��� �  �   � � �� ���� �  �   ��� �  
 � � �&0 0 � ! � � � � 2 C � ! � _ � �  ! � �  � � �� � �  �8_ �  � � � �&0 � �����  � ��   _X�   � 0 � �� � ���>2 C _ ���>2�� �� � � � � C _ � � �   � 2 � � � � 2 � � C E C � C _�� �  � � �NA �$� � � �&2>2  0 � � 2 � C _ � 2 �  � � � � 2 � 0 � 
�  C _
0 � 
�  � 2 � C�G�� � C _ ��� � � � �>0 � ���� % �� C _ � �� ��� � � �>0 � �� � �� � C _ �  ������� � � �>0 � �� � G  � C _ ��� � � � �>0 � �� � �  � � �&0 0 
  �  
 � � �&0 0 � !  � � � �  C _���
 �  ������  *� �&0 �� � � �  �� %  � C _ � �� ��� � � �>0 � �� � �  � � �&0 0 
   �  
 � � �&0 0 � !  � � ,  � C _ � � � ��� ��� � � �  �� 	 � 0 C _ � � 0   � � � � �� � � �   C � �  � � _�� �  � � � �� � 6�� � C _ � �>0 " � �� � 0 � _ � 0 �  2�� �� � �  � _ �� � � � � ���� , � � C _ 
� � � 0 �� 3
� � C _ � � � �&2�� �� C
" ���k���  %$ % ��� 2 � �� � � � �&0 � � �  � � ��  � � � � � � ���  � � � �&2 �&0 
�!  � � � � � 0  C 6 � � � 0 ����    �&2 �&0 
�!  � � � ��� � � � 0

�  �	�  � �  � � � 2 � � � � �&2 ���  � �  ���  � � _ �  � � � �
 �  2 � ��� )  2]G �&2 � � � �� 0   � � � � 2 ��� 0 � � ��
��� #D+ � ��CXG�2 �&0 
 � � � �&0  � �  � � ��� � � �^_ �  >C � � ���  �&2 �  ��� � �� � 2 � 0 � � � ��� 0 � �  3JG�2 � � 0 � = � �  >C +?� ���  �  ����� �  � 2 � 0 � � � ��� 0 � �  3 �� �

� 0 � = � � # C % � ���  ���  � ��  � �� � 2 � 0 � � � 2  3 E � � � 0 � = � �  >C #D)?� ���  ��� � ) � 2 � 0 � � � 2  � �  >C #!� ���  %12 � � 2 � 0 � 0� � 2 �� � ) C #!� ���  E $D 3 E  - % � = � 2 � 0 � 2 �	��
  ��  2  3 � � 2 � ��� = � �  >C  �/ ���  �  ) � � � 2 � 0 � 2 �	��
  ��  2  � �  >C #D) ���  
G�0 ) � � � 2 � 0 � 2 �	��
  ��  2  � �  >C  �/ ���  3
� � ) � 2 � 0 � 2 �	��
  ��  2  � �  >C  �� ���  ��� ) � � 2 � 0 � 2 �	��
  ��  2  � � # C +?� ���  
E $D 3 E  - % � = � 2 �  �����	��
  ��  2  3 � � 2 � ��� = � �  >C  �� ���  �  ) � � � 2 �  �����	��
  ��  2  � �  >C # ���  G�0 ) � � � 2 �  ����� 0
��
  ��  2  � �  >C  �/ ���  3
� � ) � 2 �  �����	��
  ��  2  � �  >C  �/ ���  %12 � � 2 �  �����	��
  ��  2  � � # C � � ���  E $D 3 E  - % � = � 2
� � ��� � � � 0  3 � � 2 G � = � �  >C  # ���  3
��� 2 � � ��� � � � 0 �� �  >C  �� ���  ��� � 2 � � ��� � � � 0  C � � 2 �� 2 �  � � � � 2 � �  �� � �� 2
� 2 �� � � =�  � ��� � �   �� 2 �-���  � 0 � � � ��� 0 � � �� � 0 � � � 2 �� � 0 � 2 �	��
  ��  2  �&2 � �  �����	��
  ��  2 �� � 2�2�� � �   ��� � � � � � 2 �
� 2 � �  � � � �  �&0 ���  *� �>0 � ���  � � ��� � � � 0  C

� ����� � $ 6 � �� 0 0 � �� �����������  � ��� ��� ��� �&2 � � ��� � 2 � � � � � � � 2 ��� �� ���  � ��� � � �&0 2 � � �� � �  �!� 2 ���� �� � � C
� ����� � $ 	 � � �  � � � � ���$� � 2 � � � 2   �&0 ��� � � �&0 � � � ��N���  ����/��� �  1� ��� 2 ��� � � ��/_ � 0 � � � 2  3 � 0 � = ��� 0 � � � ��� 0 � � ��

3 � 0 � = � � 0 � 2 �	��
  ��  2  3 � ��� = �&2 � �  �����	��
  ��  2  3 � ��� = C
� �����  	$ 3�� = _ E �  0 � � � (� ��� � � �  � � �>A �$� � � �&2>2  0 � 2 � �  ! � �  � � ���� C43�� = _ 3 � � 2 �  � � � � 2 3 �  � ���  � ��� ��� 0

�  � � � � = ��� � �  ��� ��� 0 � ��!� ���$� � 2 � � 0 � � � ��� 0 � �  � �  � � �&0 0 
 � 2 � 0 � �  � � 2 � 0 � � � 2 �� � � � ��� � �� � � �  �� �&2 � ��
  ��  2   � � � � � 2  � � � ��'�   2 � 0 � � � 2  �&2 � � 0 � � � ��� 0 � �  C 3 � = _ C>6 � � � 0  ��� �  ��� ��� 0 � �� ��� 2 � ��� 2�� 2 � � � 2  0 �� 2 � � � ���  
� 0 � 2 �	��
  ��  2 8�� � 2 � � ��� � � �  �  � � �  � � 0 � � � � � 2 ����?�� � 2 �&2 � � � �&0 � � � � ����� �&0 0 
 ��� �  2 �! 0 � (� ��   � 2 ����
� � � � 0  C;3�� = _ 3 � � 2 �  � � � � 2 3 �  � ���  � ��� ��� 0 �  � � � � = ��� � � � � � 0  ����� ��� 0 �  ��� ��� 0 � �� � ���$� � 2 � � � �&0 0 � ��� �� �  �&0���  � �� �  �&0 � 0 � � � ��� 0 � �  � 2 � 0 � �  �!� 2 � 0 � � � 2  �&2 � � � � �"� �  � �>2 � ��� � �  � � 0 � � � � � ��� C

� ��������$ � � � �����  � � � � ���$� � 2 � ���� � � ���&0 �  �	� �  � � � 2 � ��� � 0 � � � ��� 0 � � �� � 0 � � � 2 ���� 0 � 2 �	��
  ��  2  �&2 � �  ����� 0
��
  ��  2 ����   ���"� �1�  � � ���� �  ��� ��� 0 � ��#� � � � 0 
 C

� ������� $ 3�� = _ E �  0 � � � (� ��� � (��  �&0 � �  �&0 0  0�� 
��������� " 2  �  ��� 2  � � 0 � � � 2  � �����  � C 3�� = _ 3 � � 2 �  � � � � 2
3 �  � ���  � ��� ��� 0 �  � � � � = ��� � � � � � 0  ��� � 0 � � � 2  � �����  � � ���$� � 2 � ��� � � � �>0 � ��!�� � � �   �&2 � ���� � 2 ��  � � � � � �&0
� � �  � � ��  ��� � 0 � 2 �	��
  ��  2  C 3 � = �&2 �F3�� = _ 3 � � 2 �  � � � � 2 ��� �&2 � � ��� � � � 0  �&2 � �� � �   � � � � 0 � � � 2 !� �����  �
3 � �  �&0 0  0 ��� ��� 0 �  � � � � 3 � = ���  � ���  � ��� ��� 0 �  � � � � 3�� = = � ���$� � 2 � � �� ��� � � �>0 � �� �� � � �  ?� � ��� � 2 ��  � � � � � �&0���  2 �>0  2 �  3 � � = �&2 � �� � � � � �� 3 �  = C

� �����	� $ � � � �����  � � � � ���$� � 2 ������ � � ���&0 �  �	� �  � � � 2 � ��� � 0 � � � ��� 0 � � �� � 0 � � � 2 �� � 0 � 2 �	��
  ��  2  �&2 � �  M0
�����	��
  ��  2 &���   ���"� ���  � � ���� � 0 � � � 2  � �����  � �/� � � � 0 
 C �� �����	��
  ��  2   � � � � � � � 0 �� �   � 0 � � � 2  � �����  � �
��� 2 � ��� 2�� 2 � � 2 ��  � � � � � �&0 �  �����	��
  ��  2  C

� ������
 $ 3�� = _ ��� (� ��� � �� 2 � ���  � ��� � �"� �&2 � � ��� 0 ���  � ! � 2 � �&0 � 
������� � �����  � 2 �  � �� C 3�� = _ 3 � � 2 �  � � � � 2
3 �  � ���  � ��� ��� 0 �  � � � � = ��� � " 2 ��  ��� 2  � � �����  � 2 �  � ���� �� � � �   � � � 2 ���� �&2 ��� � � � �>0 � �� � � � �  �����	��
  ��  2 ��
� � �  �  � ��� �� �  �&0 ���  � �� �  �&0 �&2 � � � � 2 � 0 � �  � � 2 � �   � 2 ��  � � � � � �&0 � 0 � � � ��� 0 � � �� �&2 � � 0 � 2 �	��
  ��  2 �� C 3 � = _
E �  0 � � � (� ��� � �  � � � � � � � � � 
��� ��� � �����  � 2 �  � �� � ���$� � 2 � �  
 � � �&0 � 0 �  ��  ��� �&2 �� 2 �� 2 � � � ���  �(� ���� ��� �=0
� � ��� � � ��� � � � � � � � � �  C 3�� = _ 3 � � 2 �  � � � � 2 3 �  � ���  � ��� ��� 0 �  � � � � = ��� �&2 � � ��� � � � 0  0  � � � � �����  � 2 �  � ��� ���$� � 2 � � ��� 0 � � 0   � � � ���� � � �   � 2 ��������� � 2 ��  � � � � � �&0 � � �  � � ��  ��� ������ 0 � � � ��� 0 � �  � 2 � 0 � � � 2 � � � �&0 0 � ��� �� �  �&0���  � �� �  �&0 �  
 � � �&0 � ��� ��
  ��  2 �� � � ��� � � � 0  3JG � � ���  2 �>0  2 �  = � � �  �  � �  � � 0 � � � � C�3  = _ E �  0 � � � (� ��� �� 
 0 � 2�� � � � � �����  � 2 �  � �� � 
����� � @���  *� � � � � 2 � � �� � � �   2  �  ���� ��� 2 � � � �7� � ��� � �  ! � �  � � �� ��� �&2 � 2 ���� ���   ������ � � � 
��� C 3 � = _ 3 � � 2 �  � � � � 2 3 �  � ���  � ��� ��� 0 �  � � � � = ��� � � 
 0 � 2�� � � � � � ��� � � � 0  0  � � � � �����  � 2 �  � �� � ���$� � 2 �  0 � � �
��� � 0 � � � ��� 0 � �  �&2 � �  �����	��
  ��  2  � 2�� " 2  �  ��� 2  � � � �  � � C

� ������ $ � � � �����  � � � � ���$� � 2 � ���� � � ���&0 �  �	� �  � � � 2 �-���  � � � � 0 ��#�  � � ���� � �����  � 2 �  � ��=� � � � 0 
?���  
� 0 � � � ��� 0 � � �� � 0 � � � 2 �� � 0 � 2 �	��
  ��  2  �&2 � �  �����	��
  ��  2  C �   
���(��� � � � 0 �� ��� 2 � ��� 2 � 0 � � � 2  �  �   � ��� 0 �   
3B2 �  � ���� = � � � � �����  � � �
� ���$� 2 � �  @��  �  � ��� � �  �  �	� �  � � � 2 �1���  ����� � -� � � � �� C



� ����������� � � �

� ��������$ 3�� = _ E �  0 � � � (� ��� � 0 �  �� � 
��� ��� � 0 � 2 �	��
  ��  2�� ���� � 
����� � � ��� ���  ��
  ��  2�� ��  �&2 �� � � � �&0 0 
�  � � � ��(� �� 2 � � � ���  � ��� � ��(���� 2 � ������ 2 � � � ���  � C 3�� = _ 6 � � 2 � �  � � �� ��� � � � � � 0  ��� � 0 � 2 �	��
  ��  2�� ��� ���$� � 2 ������ �  � � � � � � � � � � �  � � ��  ������� � �  ���"� C�3 � = _ 3 � � 2 �  � � � � 2 3 �  � ���  �
��� ��� 0 �  � � � � = ��� � ��� �  �  �  ��� 2  �
� 0 � 2 �	��
  ��  2�� �� ��� 2 � ��� 2�� 2 � 0 ����
��� �&2 +?� ��� �  �����	��
  ��  2 -� � � � � � � �  �  � � ��� � �&0 0 � ��� �� �  �&0 ���  � �� �  �&0
�  
 � � �&0 � � 2 � 0 � �  � � 2 � 0 � 2 �	��
  ��  2  C?3�� = _ 3 � � 2 �  � � � � 2 3 �  � ���  �
��� ��� 0 �  � � � � = ��� � � � � � 0  �����  �����	��
  ��  2�� ��� ���$� � 2 �   �  
 � � �&0 0 � !  � �� � � �   �&2 � ���� � � �  �  �&2 �� ��� � � �&0 0 � 2 ��  � � � � � �&0 � 0 � 2 �	��
  ��  2  � � �  ��� 2 � � �>2 ���  � �� C
3  = �&2 � 3 � = _ ��� � 2 �  � � � � 2 � 3 �  � ���  ���� ��� 0 �  � � � � = ���:�  � � ��  � ���� � ���$� � 2 � ��� � � � �>0 � �� �� � � �   3  = �&2 � � �  � 0 
  �  
 � � �&0 0 � !  � �&2 �!� @���  *�  � �� � � �   3 � = C� ����� ����$ � � � �����  � � ��� ���$� � 2 ���� � � � � �� � � � ���&0 �  �	� �  � � � 2 ���  � � � � 0 ��F�  � � ���� ��
  ��  2�� ��1� � � � 0 
����  
� 0 � � � ��� 0 � � �� � 0 � � � 2 �� � 0 � 2 �	��
  ��  2  �&2 � �  �����	��
  ��  2  C@% � � � ��� ����
� � � � 0 �� �   � 0 � � � ��� 0 � �  �&2 � � 0 � � � 2 7�   ���  �����	��
  ��  2  �  �	� �  � � � 2 � � ���$� � ��� 2 � � 2�� � � � ��'�   2 � 0 � 2 �	��
  ��  2�� �� 3B0 �������� �&2 +?� � ��� = �&2 � �  � � ��  � ����� +  � � ��� C� ����� ����$ � � � �����  � � ��� ���$� � 2 ������ ���  � �  � � � � � 2 � 2 � 0 � � � 2 ��F���  �  ��� ��� 0 � �� �&2 � � 0 � � � 2  � �����  � �L� � � � 0 � ��
�&2 � � 2 �  �����	��
  ��  2 =���  � �����  � 2 �  � �� �&2 � ��
  ��  2�� �� � � � � 0 � �� C �   
 ��(� � �����  � 2 �  � �� �&2 � ��
  ��  2�� ��� � � � 0 �� ��� 2 � ��� 2 � 0 � � � 2  � ����� � � � � � � � � � � �  � � ���  � 0 � � � 2  � � � � � 2�� " � �&2 � � 2>0 
?���  �  ��� ��� 0 � �� �&2 � � 0 � � � 2 � �����  �&� � � � 0 � ���� � 2 ���� ������  � �&2 � �X��(� � � � � 0 �� ��� �  ��� ��� 0 � ����  � 0 � � � 2 �� �����  � ��� 2 � ��� 2 �  �����	��
  ��  2 �� ���� � � � � � � � �� ��  ��� � �  � 0 � � � 2 #���  ����� � -� � � � 0 � �� C� ����� � � $ \7��� 0 � � � � 2 ��� ��� � � � �������  � ��  � �� ��� 2 �� 2 � � 2 � 0 � � � 2 ���� 3�� = _  � � � � � � 2 �   �  ��  2 � ������ ��� � � � 0� � � � � 2 �&0 � ��  � ������   � � � � � � � 0 �� �   3 ���>0  # ���  0  �� 2 � ��� � 
 � � � 0 ��� 3�� = _ �  2 � � � 
 � 0 � � � �7���  �  ��� ��� 0 � �� �&2 �� 0 � � � 2  � �����  ��� � � � 0 � �� C 3 ��   �   ��� �C��(��� � � � 0  ��� � 0 � � � 2  �  �  � 2 ����
  ��  2�� �� �  � �����  � 2 �  � �� � � ��� � �
� 0 � � � ��� �  2 � � � 
 � �&2 �    �  ��  2 �� � ���  �  ��� ��� 0 � �� �&2 � � 0 � � � 2  � �����  �C� � � � 0 � �� � 2>0 
 C���� � �  �   � � ��-� � ���
�  �   � � � 2 �)���  � ��  � �� � � ������ � � 2 � � � � +    2 � � � � � � 2 �   2 � �  � � �  ��� ��� 0 � ���� ��� � 0 � � � 2  � �����  � � C� ����� �� $ \7��� 0 � � � � 2 ��� �  ) � � � � ��� ���  � 2 � 0 � 2 �	��
  ��  2 �� C>3�� = _  � � � � � � 2 �   �  ��  2 � ������ � ��  � ��1���   � � � � � � � 0 �� �   3 ���>0  # ���  0  �� 2 � ��� � 
 � � � 0 ��� 3�� = �&2 �13 � = _ �  2 � � � 
 � 0 � � � � � ���$� � � � ��� 2 � ��� ��� � � � � � � � � 2� ��    � � � 0 � ����� 0 ��� � � �&0 � � � � 0 
 � � �  ��  2 � C �  ) � � �  �   � �  �  � � �  ��� ��� 0 � ���� � � � 0 
 ��� � 0 � � � 2  � �����  � �&2 �� �����  � 2 �  � ��1� � � � 0 � ������ �&0 � �� �  4��  
 � � � �   �  � ���  ���� ��
  ��  2�� ���� � � � 0 
 � � � ���� � � 5 �  � � 
 ��� ������ � � � 0 ���  � � ��� � ���  � � � � � 0 ������ �  � � � �&2 ��� �&2 ���� � ��  � ������ �  ��� ��� 0 � ���� C� ����� � ��$ \7��� 0 � � � � 2 ��� G�0 ) � � � � ��� ���  � 2 � 0 � 2 �	��
  ��  2 �� 3�� = _  � � � � � � 2 �   �  ��  2 � � ���� ��� � � � � � � � � 2 �&0
� ��  � ��B���   � � � � � � � 0 �� �   3 ���>0  # ���  0  �� 2 � ��� � 
 � � � 0 ��� 3�� = �&2 � 3 � = _ �  2 � � � 
 � 0 � � � � � ���$� ��� � � � � � � � � 2 �&0
� � � ��� 2 �����   � � � 0 � ����� 0 ��� � � �&0 � � � � 0 
 CL6 � � � 0 ����  � � �  ��� ��� 0 � �� �&2 � � 0 � � � 2  � �����  �^� � � � 0 � �� �  ��  2 � ��� � � ����� � � � #� �&0 � ������  G�0 ) � � ��� � � � 0 ����  � � ��
  ��  2�� ���� � � � 0 
��  ��  2 � 0 �$�   ��� 2 �� 2 �  � � � � 2 C� ������� ��$ \7��� 0 � � � � 2 ��� 3
� � ) � � ��� ���  � 2 � 0 � 2 �	��
  ��  2 �� C�3�� = _  � � � � � � 2 �   �  ��  2 � ���������� � � � � � � � � 2 �&0
� ��  � ��B���   � � � � � � � 0 �� �   3 ���>0  # ���  0  �� 2 � ��� � 
 � � � 0 ��� 3�� = �&2 � 3 � = _ �  2 � � � 
 � 0 � � � � � ���$� ��� � � � � � � � � 2 �&0
� � � ��� 2 �#���   � � � 0 � ����� 0 ��� � � �&0 � � � � 0 
 C � � � � � � � � � � 2 �&0 � � � ��� 2 ���  � 0 � � � 2  � �����  �C� � � � 0 
 � 2 � 0 � � �� ��� � �&���  �  ��� ��� 0 � ��)� � � � 0 
 3   �  ��  2 �� ��� 
 � ��� 0 �  ��� ��� 0 � �� = �&2 �   � � ��������� � � ������ ��� �&0 � ������ 3
� � ) C;% � � � � � � � 0 ���  � � ���� ��
  ��  2�� ���� � � � 0 
 �   �  0 �$� �&2 �&0 
 � � � �&0�� ��� � � � � 2�0 � � � � C� ����� � � $ \7��� 0 � � � � 2 ��� ��� ) � � � ��� ���  � 2 � 0 � 2 �	��
  ��  2 �� C&3�� = _  � � � � � � 2 �   �  ��  2 � � ���� ��� � � � � � � � � 2 �&0
� ��  � ��B���   � � � � � � � 0 �� �   3 ���>0  # ���  0  �� 2 � ��� � 
 � � � 0 ��� 3�� = �&2 � 3 � = _ �  2 � � � 
 � 0 � � � � � ���$� ��� � � � � � � � � 2 �&0
� � � ��� 2 �����   � � � 0 � ����� 0 ��� � � �&0 � � � � 0 
 C� ����� � 
 $ \7��� 0 � � � � 2 ��� G�2 � � 2 � 0 � � � ��� 0 � � �� � ��� ���  � 2 � 0 � 2 �	��
  ��  2  3 �  �  � � �^I � �  � � �&0 I � 0 � 2 �	��
 0 ��  2 �� �&0 � �>0 � �� � �  � � ���� E � ��� � 0 � � � 2  � 2 ���� � � � 
��� �  ��� ��� 0 � ���� 3 ��� = � �&2 � �  � � ���� ���  ��� �  �����	��
  ��  2 
� 2 ���� � � �  ��� 2 �  � ���� 3 ��� = = C]3 � � � � �&0 � �>0 � � � � 2 � � � � �  � � 2 ����  � �� 0 0  2 � ���  �  0 � � � � 2 � ��'�   2 ���  3 � ��� = � E �
3 � 0 = �&2 � ���  3 �	��� = � 2 0 � ����� 0 ��� � ��N� ��   � ��� � � � ��� ��� � � �� � ��� � 0 � � � 2  �&2 � D �  �	��� 3�� = _� � � � � � � 2 �   �  ��  2 � ����� ��� � � � � � � � � 2 �&0 � ��  � ��1���   � � � � � � � 0 �� �   3 ���>0  # ���  0  �� 2 � ��� � 
 � � � 0 ��� 3�� = �&2 �13 � = _ �  2 � � � 
 � 0 � � � �� ���$� ��� � � � � � � � � 2 �&0 � � � ��� 2 �����   � � � 0 � ����� 0 ��� � � �&0 � � � � 0 
 C:6 � � � 0 ��4�  � � ��
  ��  2�� ���� � � � 0 
 � � 2 ��� ��� 2 � ��� 2
�&2 
 � 0 � � � ��� 0 � � �� � � ���� 
 �   2 ��� �  ��  2 �
� 2 ��� � � " � �   � � �����  � 2 �  � ��>� � � � 0 
 � ���$� ��0 �  ���� �  � � � � � 2 � 2 � 0 � 0
2 �	��
  ��  2  ���  � � ��� �&0 � � � � 2 �&� �  � � � � � 2 � 2 � 0 � � � ��� 0 � �  G�2 � � �� 2 �  ��� ��� 0 � �� �&2 � � 0 � � � 2  � �����  �#� � � � 0 � ��� ���$� � 0 �  ��  � �  � � � � � 2 � 2 � 0 � � � ��� 0 � �  G�2 � ��� �&2 � 2 � 0 � 2 �	��
  ��  2  � � 2 C� ������� �	$ 6 � � � 0 � "  � �� � 0 ��� � � �&0 � � � ��� ���� �	��� � � 0 � �� ��� ��� �&2 � ���$� � 2 � ���� 0 ��� �&0 � ! � � � � 2 ���  � � � � 
���� � � � 0  �!�&2 � ���� � � � �  � � � � � � 2 ��� ���� � ��� 2�0 � ����� 0 ��� � � �&0 � � � � 0 � �� � 2 ��  �  � �  � � ������  ��� � �>C� ����� ��� $ 6 ��   � 2 �� � 3 � � 0 ���� � 0 �&2 �� �  ��5  � �� � � 2 ���� 0 �$�   �� � � � ����   = � ���$� � 2 � �  �  2 � � � � � 2 ��� � 
��������   � � ��� � � � 0 
 ���  ���"� � � 2 � � 0 � � �&2 � E � ! � �   � � C�6 �� ��� � � 
��� ��� � � 0  � �  �  2 � � � � � 2 � 3 �   �  �>0  2    � # ��/�� =



� ��� � �����������

�     �  ��  2 �� � � 
 � �>0 � �"� 0 � 2  3 � � 0 � � �   � = �&2 � � 
 � �  � 
 0 � 2  3 E � ! � �   � = CN6   3 ���>0  # ���  0  �� 2 � ���
� 
 � � � 0 � C

� ����� � � $ � � � � �  � � � 2 � ��'�   2 ��� �&2 � �&2 � 0  � 
����� �&2 � ���� ���� �&2�� � �  � � �����  � � � ��� ��� �� � � � �&0
� � �  � � ��  � C K 0 � � �&0 ��� � � � � � � � � 2 �&0 � � � ��� 2 � �   � ���$� 2 ���   � � ��� � � � 0 
 ��� ��� �&2 � 
�����F� � � 0 
���� �&2�� � � �����  � �
�   � 0 ��� �� � � 
 �� ���  � ��� � � �   �>C>3�� = _ �&2 �  ��� � �� ��� 2 �� 2 � � 2 � 0 � � � ��� 0 � � ��B��  � � � ���  � 2 � 0 � 2 �	��
  ��  2 �� � 3�� = _
3
� � ) ��  � � � ���  � 2 � 0 � 2 �	��
  ��  2 �� C

� ��������� $ � �&0 � �>0 � �� �  ����� 0 � �  � � � 0 ������� � �L� � ��� � 0 � 2 �	��
  ��  2 �� �&2 � � 0 � � � ��� 0 � � �� C�3�� = _�� � � �����  � � � ���$� � 2 ����� ���  � �  � � � � � 2 �L���   � � � � ��� 2 � � � � 0 
 ��� � 
����� �&2 �=% �-,/. � 3 � �  0 � � � �  = � 3�� = _ � � � �����  � � � ���$� � 2 � G�2 �
3�� C  C � � D 3 � � - ��� = = ���   � � �&� � � � 0 
 ��� � �&2 � 0  � 
�����(� 0  �� 2 � � � ���� � � �  � �L���  3�� = � 3 � = _ (��� 0 � � � � 2 ��� 3
� � ) ��� ����� 0 � �  � � � 0 ������� ��3 � � �  >C % = � � ��� � � 2 � �   3 ���>0  # ���  0  �� 2 � ��� � 
 � � � 0 ��� ���� 
� 0 0 �$� �   � � � ���� % �-,/. �"  0 ��C

� ����� ��� $ � � � � �  � � � 2 � ��'�   2 � �&2 � 0  �&2 � �  � � � �&0 � � � �>0 � ���� ��� ��� �&2 �   �  ��  2 � � � � � 2 ���  &� �&2 � 0 
� 
����� � � ������ � �  � � � 2 E � � C )  >C 3�� = _ �&2 �  ��� � �� ��� 2 �� 2 � � 2 � 0 � � � ��� 0 � � ��B��  � � � ���  � 2 � 0 � 2 �	��
  ��  2 �� � 3�� = _
3
� � ) ��  � � � ���  � 2 � 0 � 2 �	��
  ��  2 �� C

� ��� � P���� w��
	

� ����� �

F
i
z
h

Saram
i

H
aylayn

W
u
q
b
a
h

Nakhl

B a h l a

Kahwad

Musibit

S
u
m
a
' i
l

Musqat

S am a d

W
a d i

Ta y i n

I b r a

W a d i H a t t a

W a
d i
J

i z
z
i

W
a

d
i
A
h
i n

W
a d
i

S
h
a
t a
n

W
a d
i

J
a
h
f
a
n

W
a
d
i

Su
m a ' i

l

J
a b

a l A k h d a r

W
a
d
i

A
n d
a m W

a d
i Ta y

i n

W
a
d
i
A
l

H
aw a s i

n a

H
i l t i

As Suhar

S a i h
H

a
t
t
a
t

A
ra
b
ia
n

P
é
n
in
s
u
la

Aden
Gu
lf

Oman Sea

Somalia

Eg
yp
t

So
ud
an

E
ry
thrée

Iraq

Iran

P
a
k
is
ta
n

India

R
e
d
 S

e
a

P
e
rsia
n

G
u
lf

C
a
s
p
ia
n

S
e
a

0 10 20 30 40 50 km

� �������

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Olv Cpx

Plg

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Olv Opx

Plg

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Cpx Opx

Plg

9010

90

8020

80

7030

70

6040

60

5050

50

4060

40

3070

30

2080

20

1090

10Cpx Opx

Olv



� ����������� � ���

� �����  

� ����� �

0 20 40 60 80 100

Mineral proportion

0

20

40

60

80

100

Sa
m

pl
e 

pr
op

or
ti

on

Pl and Cpx Dunites (8 samples)
Pl Dunites (7 samples)
Pl and Cpx Harzburgites (10 samples)
Pl Harzburgites (4 samples)
Troctolites  (58 samples)
Cpx Troctolites (36 samples)

Plagioclase

0 20 40 60 80 100

Mineral proportion

Pl and Cpx Dunites (8 samples)
Pl Dunites (7 samples)
Pl and Cpx Harzburgites (10 samples)
Pl Harzburgites (4 samples)
Troctolites  (58 samples)
Cpx Troctolites (36 samples)

Olivine
0

20

40

60

80

100

Sa
m

pl
e 

pr
op

or
ti

on

Pl and Cpx Dunites (8 samples)
Pl Dunites (7 samples)
Pl and Cpx Harzburgites (10 samples)
Pl Harzburgites (4 samples)
Troctolites  (58 samples)
Cpx Troctolites (36 samples)

Clinopyroxene

Pl and Cpx Dunites (8 samples)
Pl Dunites (7 samples)
Pl and Cpx Harzburgites (10 samples)
Pl Harzburgites (4 samples)
Troctolites  (58 samples)
Cpx Troctolites (36 samples)

Orthopyroxene

Troctolites family

� �������

� �������

0 20 40 60 80 100

Mineral proportion

0

20

40

60

80

100

Sa
m

pl
e 

pr
op

or
ti

on

Ol Gabbros (162 samples)
Ol and Hb Gabbros (14 samples)
Ol and Ox Gabbros (2 samples)
Ol and Opx Gabbros (45 samples)
Ol, Opx and Hb Gabbros (7 samples)

Plagioclase

0 20 40 60 80 100

Mineral proportion

Ol Gabbros (162 samples)
Ol and Hb Gabbros (14 samples)
Ol and Ox Gabbros (2 samples)
Ol and Opx Gabbros (45 samples)
Ol, Opx and Hb Gabbros (7 samples)

Olivine
0

20

40

60

80

100

Sa
m

pl
e 

pr
op

or
ti

on

Ol Gabbros (162 samples)
Ol and Hb Gabbros (14 samples)
Ol and Ox Gabbros (2 samples)
Ol and Opx Gabbros (45 samples)
Ol, Opx and Hb Gabbros (7 samples)

Clinopyroxene

Ol Gabbros (162 samples)
Ol and Hb Gabbros (14 samples)
Ol and Ox Gabbros (2 samples)
Ol and Opx Gabbros (45 samples)
Ol, Opx and Hb Gabbros (7 samples)

Orthopyroxene

Olivine gabbros family



� � � � �����������

� ������
 � �������

0 20 40 60 80 100

Mineral proportion

0

20

40

60

80

100

Sa
m

pl
e 

pr
op

or
ti

on

Ol Gabbronorites (11 samples)
Gabbronorites (111 samples)
Hb Gabbronorites (16 samples)
Ox Gabbronorites (8 samples)
Norites  (17 samples)
Hb Norites (7 samples)
Hb and Ox Norites (4 samples)

Plagioclase

0 20 40 60 80 100

Mineral proportion

Ol Gabbronorites (11 samples)
Gabbronorites (111 samples)
Hb Gabbronorites (16 samples)
Ox Gabbronorites (8 samples)
Norites  (17 samples)
Hb Norites (7 samples)
Hb and Ox Norites (4 samples)

Olivine
0

20

40

60

80

100

Sa
m

pl
e 

pr
op

or
ti

on

Ol Gabbronorites (11 samples)
Gabbronorites (111 samples)
Hb Gabbronorites (16 samples)
Ox Gabbronorites (8 samples)
Norites  (17 samples)
Hb Norites (7 samples)
Hb and Ox Norites (4 samples)

Clinopyroxene

Ol Gabbronorites (11 samples)
Gabbronorites (111 samples)
Hb Gabbronorites (16 samples)
Ox Gabbronorites (8 samples)
Norites  (17 samples)
Hb Norites (7 samples)
Hb and Ox Norites (4 samples)

Orthopyroxene

Gabbronorites family

� ����� � � ����� ���

0 20 40 60 80 100

Mineral proportion

0

20

40

60

80

100

Sa
m

pl
e 

pr
op

or
ti

on

Pl Webstérites (3 samples)
Websterites (78 samples)
Ol Websterites (4 samples)
Clinopyroxenites  (63 samples)
Ol Clinopyroxenites (10 samples)
Orthopyroxenites (17 samples)
Ol Orthopyroxenites (3 samples)
Pyroxene layerings (17 samples)
Werhlites (7 samples)
Pl Werhlites (3 samples)

Plagioclase

0 20 40 60 80 100

Mineral proportion

Pl Webstérites (3 samples)
Websterites (78 samples)
Ol Websterites (4 samples)
Clinopyroxenites  (63 samples)
Ol Clinopyroxenites (10 samples)
Orthopyroxenites (17 samples)
Ol Orthopyroxenites (3 samples)
Pyroxene layerings (17 samples)
Werhlites (7 samples)
Pl Werhlites (3 samples)

Olivine
0

20

40

60

80

100

Sa
m

pl
e 

pr
op

or
ti

on

Pl Webstérites (3 samples)
Websterites (78 samples)
Ol Websterites (4 samples)
Clinopyroxenites  (63 samples)
Ol Clinopyroxenites (10 samples)
Orthopyroxenites (17 samples)
Ol Orthopyroxenites (3 samples)
Pyroxene layerings (17 samples)
Werhlites (7 samples)
Pl Werhlites (3 samples)

Clinopyroxene

Pl Webstérites (3 samples)
Websterites (78 samples)
Ol Websterites (4 samples)
Clinopyroxenites  (63 samples)
Ol Clinopyroxenites (10 samples)
Orthopyroxenites (17 samples)
Ol Orthopyroxenites (3 samples)
Pyroxene layerings (17 samples)
Werhlites (7 samples)
Pl Werhlites (3 samples)

Orthopyroxene

Pyroxenites family



� ����������� � � �

� ����� ��� 50 60 70 80 90 100

Mgn

0

20

40

60

80

100

N
u
m

b
er

 o
f 

sa
m

p
le

s

Olivines

Pl and Cpx Dunites

Pl Dunites

Pl and Cpx Harzburgites

Pl Harzburgites

Troctolites 

Cpx Troctolites

20

40

60

80

100

N
u
m

b
er

 o
f 

sa
m

p
le

s

Olivines

Ol Gabbros

Ol and Hb Gabbros

Ol and Ox Gabbros

Ol and Opx Gabbros

Ol, Opx and Hb Gabbros

20

40

60

80

100

N
u
m

b
er

 o
f 

sa
m

p
le

s

Orthopyroxenes

Ol Gabbronorites

Gabbronorites

Hb Gabbronorites

Ox Gabbronorites

Norites 

Hb Norites

Hb and Ox Norites

20

40

60

80

100

N
u
m

b
er

 o
f 

sa
m

p
le

s

Orthopyroxenes

Pl Webst érites

Websterites

Ol Websterites

Clinopyroxenites 

Ol Clinopyroxenites

Orthopyroxenites

Ol Orthopyroxenites

Pyroxene layerings

Werhlites

Pl Werhlites

50 55 60 65 70 75 80 85 90 95 100

Mgn

0

5

10

15

20

25

30

35

40

45

50

55

60

S
a

m
p

le
 p

ro
p

o
rt
io
n

Olivines

0

5

10

15

20

25

30

35

40

45

50

55

60

S
a

m
p

le
 p

ro
p

o
rt
io
n

Orthopyroxenes

� ����� � � 0.00 % 2.62 % 5.23 % 7.85 % 10.47 %

Troctolites

0.00 % 0.96 % 1.91 % 2.87 % 3.83 %

Olivine gabbros

70 75 80 85 90 95 100

Fo %

65 70 75 80 85 90 95 100

Fo %

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

N
iO

(b)(a)



� � � � �����������

� ����� �� 
70 75 80 85 90 95 100

Mgn Cpx

70 75 80 85 90 95 100

Mgn Cpx

(b) (c)

Troctolites
0.00 % 0.89 % 1.79 % 2.68 % 3.57 %

Olivine gabbros
0.00 % 0.29 % 0.57 % 0.86 % 1.14 %

Gabbronorites

0.00 % 0.49 % 0.98 % 1.47 % 1.97 %

Pyroxenites
0.00 % 0.35 % 0.70 % 1.05 % 1.40 %

65 70 75 80 85 90 95 100

Mgn Cpx

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

C
r 2
O
3

(a)

� ����� � �
Troctolites

0.00 % 0.89 % 1.79 % 2.68 % 3.57 %

Olivine gabbros
0.00 % 0.26 % 0.51 % 0.77 % 1.02 %

Gabbronorites
0.00 % 0.46 % 0.92 % 1.39 % 1.85 %

Pyroxenites
0.00 % 0.35 % 0.70 % 1.05 % 1.40 %

70 75 80 85 90 95 100

Mgn clinopyroxene

70 75 80 85 90 95 100

Mgn clinopyroxene

(b) (c)

65 70 75 80 85 90 95 100

Mgn clinopyroxene

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

A
l 2
O
3

(a)

� ����� � �
Troctolites

0.00 % 0.95 % 1.90 % 2.86 % 3.81 %

Olivine gabbros

0.00 % 0.29 % 0.57 % 0.86 % 1.14 %

Gabbronorites

0.00 % 0.43 % 0.87 % 1.30 % 1.73 %

Pyroxenites

0.00 % 0.54 % 1.09 % 1.63 % 2.17 %

70 75 80 85 90 95 100

Mgn clinopyroxene

70 75 80 85 90 95 100

Mgn clinopyroxene

(c)(b)

65 70 75 80 85 90 95 100

Mgn clinopyroxene

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

1.20

T
iO

2

(a)

� ����� � �
Troctolites

0.00 % 0.83 % 1.67 % 2.50 % 3.33 %

Olivine gabbros

0.00 % 0.33 % 0.66 % 0.99 % 1.33 %

Gabbronorites

0.00 % 0.40 % 0.81 % 1.21 % 1.62 %

Pyroxenites

0.00 % 0.39 % 0.78 % 1.16 % 1.55 %

70 75 80 85 90 95 100

Xmg (%)

70 75 80 85 90 95 100

Xmg (%)

(b) (c)

65 70 75 80 85 90 95 100

Xmg (%)

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

N
a
2
O

(a)



� ����������� � � �

� ����� � 

Troctolites

0.00 % 4.33 % 8.66 % 12.99 % 17.32 %

Olivine gabbros

0.00 % 2.47 % 4.94 % 7.40 % 9.87 %

Gabbronorites

0.00 % 2.42 % 4.84 % 7.26 % 9.68 %

Pyroxenites

0.00 % 18.33 % 36.67 % 55.00 % 73.33 %

(b)(a) (c)

65 70 75 80 85 90 95 100

Mgn Cpx

65 70 75 80 85 90 95 100

Mgn Cpx

60 65 70 75 80 85 90 95 100

Mgn Cpx

40

45

50

55

60

65

70

75

80

85

90

95

100

A
n
%

 P
l

� ����� � �

Mantle harzburgites

Crust

Troctolites

Olivine gabbro(norite)s

Gabbronorites

Pyroxenites and Wehrlites

no melt relic

Hydrothermal lithologies

56°00 E

56°00 E

2
3
°0
0
 N

2
3
°0
0
 N

56°30 E

56°30 E

57°00 E

57°00 E

57°30 E

57°30 E

58°00 E

58°00 E

58°30 E

58°30 E

59°00 E

59°00 E

2
3
°3
0
 N

2
3
°3
0
 N

2
4
°0
0
 N

2
4
°0
0
 N

2
4
°3
0
 N

2
4
°3
0
 N

0 10 20 30 40 50 km

Pyroxenites (± Gabbronorites) zones

Gabbronorites zones

Olivine gabbro(norite)s zones

Troctolites zones

� ����� ���

Fizh, Hilti



� � � � �����������

� ������� � Gabbronorites domain

Olivine gabbros domain

Troctolites domain

Pyroxenites domain

Mantle Dykes of Oman

50 55 60 65 70 75 80 85 90 95 100

Mgn Clinopyroxene

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

A
n
%

 p
la
g
io
cl

a
se

s

Oceanic gabbros

EPR-Hess Deep site 894; Natland and Dick,1996

EPR-Hess Deep site 895; Dick and Natland, 1996

SWIR 54°S-7°E; Meyer et al.,1989

SWIR-ODP site 735B; Ozawa et al., 1991

MAR 15°N; Ceuleneer, 1999 (unpub.)

MAR-DSDP site 334; Ceuleneer, 2000 (unpub.)

MARK 23°N-ODP Site 923; Ross and Elthon, 1997

MAR-DSDP Site 334; Ross and Elthon, 1993

Mid-Cayman Rise; Elthon, 1987

50 55 60 65 70 75 80 85 90 95 100

Mgn Clinopyroxene

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

1.20

T
iO

2
C
li

n
o
p
yr

o
xe

n
e

(a) (b)

� ���������

35 40 45 50 55 60 65 70 75 80

Mgn liquid

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

T
iO

2
li

q
u
id

20 30 40 50 60 70 80 90 100

An% liquid

0

10

20

30

40

50

60

S
a
m
p

le
 p
ro
p
o
rt

io
n

10

20

30

40

50

60

S
a
m
p

le
 p
ro
p
o
rt

io
n

18 22 26 30 34 38 42 46 50 54 58 62 66 70 74 78

Mgn liquid

0

5

10

15

20

25

30

35

40

S
a
m
p
le

 p
ro
p
o
rt

io
n

5

10

15

20

25

30

35

40

S
a
m
p
le

 p
ro
p
o
rt

io
n

Felsic lithologies (119 samples)

MORB (from Ridge Data-Base, 20285 samples)

Troctolites (89 samples)

Olivine gabbros family and Cpx-troctolites (323 samples)

Gabbronorites family (294 samples)

Pyroxenites family (293 samples)

(a) (b) (c)

� ��������� 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99

Mgn Clinopyroxene

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

1.20

T
iO

2
C

li
n
o
p
yr

o
xe

n
e

(a) (b)

Sills in dunites (Suma’il) ;
Korenaga and Kelemen, 1997

Layered gabbros (Hilti) ;
Ernewein, 1987

Layered gabbros (Sarami) ;
Ernewein, 1987

Layered gabbros (Rustaq) ;
Ernewein, 1987

Intrusive ultramafic rocks (Hilti) ;
Ernewein, 1987

Intrusive ultramafic rocks (Sarami) ;
Ernewein, 1987

Intrusive ultramafic rocks (Rustaq) ;
Ernewein, 1987

Intrusive gabbros (Hilti) ;
Ernewein, 1987

Isotropic gabbros (Hilti) ;
Ernewein, 1987

Diorites and plagiogranites (Hilti) ;
Ernewein, 1987

Layered gabbros (Wadi Shafan) ;
Browning, 1982

Layered gabbros (Wadi Bani-Karus) ;
Browning, 1982

Laminated gabbronorites (Wadi Haymiliyah) ;
Lachize et al., 1996

Gabbronorites domain

Olivine gabbro domain

Troctolites domain

Pyroxenites domain

Mantle Dykes of Oman

Crustal Gabbros

60 65 70 75 80 85 90 95 100

Mgn Clinopyroxene

40

45

50

55

60

65

70

75

80

85

90

95

100

P
la

g
io
cl
a
se

 A
n
%



� ��� �	���� �����	� � �

�5T/T;�����8��('S C � Ck|t~���� � ��C^3+0"<�A'iu#;���8���8�802�/B <�����1/0"�����5021$�8A �`}d���80"����A$��#%A/0"��!20"���I��[��^B:��1eC��������
	������	2(
~�~ �bn �/~ � p � ���GC

�5T/T;�����8��(*S C � CS|t~�� � ~W��CN}d���80"����A=| �^B:��1a�	��#%A/0"��!20"���N�8A ��������.9. & �����^��1/.w#%02!2!"� O !2���>���Nn;<����'X�A ��B:02X���!
���'02. ��1/XZ�I��[o�8A �I�8A �_[l����B@���F�'XZ����1$��02. <��^��1?�'0"�8��1/B@��1?��C������������ (h~��dn � � � p ��� � C

�5T/����B:��(a}RC�� C"( %F���8A ���8&�(acNC;�UC"(a��1/.��k��1?�8�/��!L(a�UCo|t~�� ��� ��C^}d�>#/#%021 <:021b�8A � �^B:��1$��#%A/0"��!20"���_�/�8021 <
��1/A/��1/XZ��. � ��1/./�8�>�FrFA ��B:�>�802X_}d�>#/#;���502B:�><�����C �!��"��#��$!�&%'��(��)�*"+� (o~ �'~@n � � � p ��� ~>C

�+! im3+�>�8�8A?&�(o}RCojaC"( � ��!"��B:��1e( %_C 
NC"(k3+� <�A ���ti � !2�>� ����(k}RC-, C"(h��1/.R3+��1/1/�'(ojaCojaC|t~����'~W��Cbrh���8�802�>�8&
T%���8��!"�802X@021?�����/�80"��1/�I021v�8A ��XZ��1?������! �^B:��1RB@���/1?�8��021/��C St1 �k����������(krIC"(h)+02XZ��!2����(h�UC"(h��1/. � ��!"�Zi
B:��1e(�%_C 
NC"('��./0"��������(�./%'���*��� ���0�1�2�+$��)�)�3�4�$!56�+7���� 89���*��$:�<;=���9�>��")���$?�*"@� ���������#%'�9�+A��Z(/����!2�/B@� �U��[
B �C��AD���
����(E�$!5GF'��A)8?"���8�AD����������
����(>(a#%�><����1H�� � p H � �GC�I_!2�BO*���5�+X���. ��B:02X �� T%!202�8A ������C

�+!2�>T%����������(arICk|t~�� � ����C6�-�9�@��$'�0�+A)A��+�
����*��$9�&��� %KJ&�C��LM�&�+$N7����
"&�$?�*"O�$!5G��(P5�AD�����9�+A)QO��!%!AD��")�)�&���)� ��$N���9�
.�QO�$��&%'���*��� ���0�ZC �A/c �8A ���802��(/rFA � �+#;��1bD+1/0"�����80"�m&�C���� � #YC

�+!2�>T%����������(hrIC"( �k���>��XZ��(�� Ch�UC"(k}d��!2!202X �a(hcNCJS CR� C"(h��1/.R,!"T;���/�8A/0L(*S Ch}RCV|t~�� � �?��CbrFA �@����!2X���1/02X:�������7i
�80"<����>#%A?&$��1/.w!"�'X��>�80"��1d��[B:���8�80"���Zim�8�/!  . �U. ��#;���80"�8�5021$�8A ���^B:��1eC;St1 �o��1/��&'0"�������e(e�UC"(a��./0"������(
./%'���*��� ���0�)�&S B AD��")�&��5���$2����T&$'�0�+A)$!����*��$!��U./%'���*��� ���0�VF?(�QW%9���)��8�Q`(G#%�><���� � �'~ p � ���?C 
+����!"��<�02X���!ej'� ��i����&b. ��#%�>�8�8B@��1?�F��[ � &G#/���/��C � &G#/���/��(e~����>�GC

�+!2�>T%����������(?rIC"( �k���>��XZ��(9� C?�UC"('}d��!2!202X �a(?cNC<S C2� C"(?��1/.�,!"T;���/�8A/0L( S CG}RC;|t~�� � �>�?��ChrFA �5021?�����8�8��!2�>�80"��1/�8A/0"#
T;���FO*����1OB:�><�B:�>�802X:��1/.v���8�Ziu[l����B:021 <$A?&'. �8���8A ����B:��!o#/�8�'XZ�������_021v�8A � �^B:��19��#%A/0"��!20"����COX�"&��$!	
�������
	2( � �bn2~�H � p ~ � �GC

�+!2�>T%����������(�rIC"(��k���>��XZ��(�� C��UC"(���1/.:}d��!"#%����(�� C/|t~�� � �7T;��C;rFA �V����!2X���1/02XV�������>�80"<����>#%A?&`��1/. �k�����8��<���1 ���802�
��[o�8A � �^B:��1 �+#%A/0"��!20"���^XZ��B@#%!"�Z];C@YU��$'��A)�#J�	/�:��$��+AD��
	 B �C��AD���
	2( � ~@n2~�H � p ~ � �GC

�+!2./02�8��('cNC/rICh|t~�� � ~W��C �!2�><�0"��<�����1/0"�����V[l�8��B��8A �I�'XZ����1$XZ���/���F��1/.Q��#%A/0"��!20"������CUZ@���8�A��Z( � � �Qn ����� p ��� � C
�+!2!"��B:��1/1e( y C���1/. �k����������(�rIC'|t~���� ����C%rFA ���#%A/0"��!20"���S����./0"��!2�>��0"���T;��!"�Y��[/�8A �V)5���8�8A��^B:��1NB@���/1?�8��021/��C

X�"C�
������6�������
	R[>�+� 7�	2('H��Qn H���� p H����?C
�+B@��0L(RS C^|t~���������C H,S�8�/. �d#VH�����8��!"��<�02EG� �d���-�����/XZ�8� ����!"�d.eK �/1 �d. �����8��!"�$�'X%H����1/02EG� �w[l���8�802!"��(B:���8�80"[I. �

j'�/B:��02!e|l��#%A/0"��!20"���	.eK �^B:��1a��C6StB@#%!202X��>�80"��1N#;��� �S!"���JBPH��X���1/02�8B@���.eK ��X�XZ�8���80"��1:�'X%H����1/02EG� ����C;rFA ������
.eK �/1/0"�������80"�GH��CSD+1/0"�������80"�GH� �o���/!hj'�>T%�>�80"����(%rh���/!"���/����C

�+B@��0L( S C"(  *��1 ��0"��(	}RC"(	��1/. � ���/!"��1 ������( 
NCI|t~�����H���C rh��XZ����1/02Xv�������8021 <P[l���Q�8A �w<���1 ���802����[_�'XZ����1/02X
#%!2�><�0"��<�����1/0"�����:nh���'02. ��1/XZ��[l�8��B �$#%��!"���>im��#/�8����./021 <d�������/XZ�8� �8��021R�8A � �^B:��1O��#%A/0"��!20"����C\X��A+���
B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~ ���bn2~���� p ~�� � C

�+1/. ������(�,FC���1/.�
+�8�������8����(G)UCa|t~�� � ����CY�5T%�/1/./��1/XZ�V��[;�8A �	��!"��B@��1?�8� ��B@����������0"�802XF��1/.:����!2�>��C�������"+����QO	
YU���)QO��"+����QO	�]W"��#>( ���Qn2~���� p �'~�� C



� � � �����������
	�����������

�5����0L(GjaC/|t~���� � ��C � ��B:B@��1?�J��[a�8A �F#%�>#;�������S��02B:0"�80"���VT%���8��!"�802X	B@��!"�8�J021/X�!2�/. ��.N021`#;�'./0"[l����B X�A �8��B:0"�����
[l�8��B �8A ���^B:��1Q��#%A/0"��!20"��� �NTG& �kC;j'X�A/02��1 �`���+��!LCMX��A+��� B �
�$��C�#	�F!"C�*	/�/�C�*�#	2(h~ ��HQn2~�~�� p ~�~��GC

�+� <kH��( rIC;|t~�� � ����C � A �8��B:0"���5. ��#;���80"�8�021:�8A �+����� �8A ����1 �^B:��1:��#%A/0"��!20"���	iJ}d021 ������!"��<�02X���!%XZ��1/��������021?�8��C
�:��$��+AC	�� �0%9���)���#>( ���Qn2~ p ~��'C

 V�>T%021 ����( � C i y Cd��1/.  *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � CP|t~�� � ����C �+�8���'X�02�>�80"��1/� .eK ����������XZ�'. ��� . �
!LK �+!"T%0"��1'iM}d����������02X�A?�80"��1b./�bc^A ��[\�>�`| �^B:��1a��C/�'*�1/0"�GH���F#%��! H����T%0"��<kH����<����>#%A/02EG� ���F���502B@#%!202X��>�80"��1/�
<kH���'. &'1/��B:02EG� ����C���8����
	RF!��" 	��������
	���AD�$!")�Z( � | ���^n � � � p ��� � C

 :H��X�A ��1 ��X>( y C"(�rh��<�&���&�(G}RC"( � �ZiM} H������� ��(2� C"( � ��B:0 ����8��(  +C"( � ���8X�� &�����(P� C i � C"( %5�>T%�e(>cNC"(���1/.@}d02!"���80L(�� C i �kC
|t~����'~W��C SM<�1 �����/�Y�8�'X �'�k021I�8A �*3+� OV���8021/�51/�>#/#;���Y��1/._�8A �*3+�W68�>�Sj'� #;���8<��8��� #Y( �^B:��1UB@���/1?�8��021/�Jn
�8A ��0"�*�80"<�1/0  X���1/XZ�F021@�8A �5T%0"�8�8A@��1/.:������!2� �80"��1:��[e�8A �5XZ��B@#;���80"���5�Z]'����1/�80"��1/��!/B:�>�8<�021:��[e,����������1
rh���8A?&'��C=St1 �k����������(	rIC"(*)+02XZ��!2����(*�UC"(*��1/. � ��!"��B:��1e(�%_C 
NC"(��./0"��������(>./%'���*��� ���0�E�2�+$��)�)�3� �$!5
�+7���� 89���*��$ �<;G���9�E��")���$?�*"E� ���������#%'�9�+A��Z(o����!2�/B@� �b��[ B �C��AD���
����(��$!5:F'��A)8?"���8�AD��=�������
����(>(o#%�><��������� p H'~�~>C I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C

 :H��X�A ��1/1 ��X>( y C"( � �ZiM} H������� ��(�� C"( %5�>T%�e(�cNC"(  *��� �8��0"����(W}RC"(  *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � C"(�c+�Zi#,9��������(
�kC"(Vrh��<�&���&�(5}RC"(V��1/.��^02!2!"��&�(V}RC^|t~�� � �>�?��C 
$H����!"��<�0"�R.eK �/1 �dX�A/�Ws �21 �w02�8�8� �d. �w!2�Or-H���8A?&'�vn*!"���
B@��1?�8�><�1 ���+.eK �^B:��1eC���8����
	�F!��" 	��������
	���AD�$!")�Z( � | ���^n2~�H�� p ~ ��� C

 :H��X�A ��1/1 ��X>( y C"( � �ZiM} H������� ��(-� C"( %5�>T%�e(%cNC"(! *��� �8��0"����(a}RC"(a��1/.��^02!2!"��&�(%}RCJ|t~�� � �7T;��C � ���+1/�>#/#;���53+�7i
OV���8021/�`noH������!2� �80"��1:#%��! H����<kH����<����>#%A/02EG� �5����������/XZ�8� ����!"�F.eK �/1`[l���><�B@��1?�. �5!2�IB:�>�8<��5XZ��1?�8021 ��1?�8��!"�
#%���8�80"���_�8�/.b. �U!2�@r-H���8A?&'�F����0"��1?�8��!"��C���8����
	RF!��" 	��������
	���AD�$!")�Z( � | ���^n ���'~ p � ���'C

 :H��X�A ��1/1 ��X>( y C"( � �ZiM} H������� ��(U� C"( %5�>T%�e(hcNC"(� *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � C"(hc+�Zi#,9��������( �kC"(  *��� ��i
��0"����(a}RC"(a��1/.��^02!2!"��&�(a}RCo|t~����>�?��C+rFA �N3+� OV���8021/��1/�>#/#;���Ina�������>�80"<����>#%A?&�(%#%��!"����<�����<����>#%A?&�(e��1/.
�������/XZ�8� ����!	������!2� �80"��1z��[I�R[l���><�B@��1?�:��[I�8A �d����� �8A'imrh���8A?&���1 #%���8�80"���dXZ��1?�8021 ��1?�8��!+B:�>�8<�021eC St1
%F��T;���8�8����1e(/�UC/3UC y C"(;jG���>��!"��(%}RC �kC"(/��1/.�%50"����( �UC � C"( ��./0"��������(M�-�9�G�������
����(E�$!5N�!��"��#��$?�*"+�>�<;
���9�G.�QO�$� ��#���*��$/(/����!2�/B@� �?�`��[@�-�9�G�������
�����*"&��RF!��"C�#�C��(GF�%?��"C�*���%!8'J+� �*"&����*��$/(%#%�><���� �'~ � p �����GC
 V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

 *���>���80"��( �kC*|t~���������C �^!20"�'021 �ZimB@��!"�^��1/. �+�8�8A ��#G&G�8��]'��1 �ZimB@��!"�_��EG�/02!20"T/��02�'CNYU��$'��A)�#J�	 �:��$��+A)�
	 B �C��AD���
	2(
~�~ �bn2~���� p ~�~�~>C

 *��X�A ��1/1 ��X>( y C"( � �ZiM} H������� ��(�� C"(�%5�>T%�e(JcNC"(��^02!2!"��&�(JcNC"(S��1/.  *��� �8��0"����(S}RC5|t~�� ��� ��CzrFA �b3+� OV���8021/�
 V���8021Qn��I[l���><�B@��1?�J��[;���8�>�8����.e(�#%���8�80"����(�XZ��1?�8021 ��1?�8��!/B:�>�8<�021`�8A ���/���o�W������8A �F�5���>T%02��1 �!2�>��[l����B
./� ��021 <N��Te./�/XZ�80"��1Q��[o�8A �Nj'��B:��02!e)+�>#/#;��C>�!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n ����� p � � �GC

 *��1/. ����(?� C y C"(/35�'. <�����( y C/)UC"(/��1/.  *��1/XZ��(%�UC ,FCh|t~���� � ��C �k�����8��<���1 ���802�F��[hT%���8��!"�8�V[l�8��B��8A �I#/�8�76���XZ�
y �^}w}$�^DIj_�>�8���Un7,J]'#;����02B@��1?�8��!����8�/. &^[l�8��B{�F���`~ �WIIT%�>����C2X��A+��� B �
�$��C�#	?F!"C�*	2�/�C�*�#	2( �/~Fn ����� p�>� �GC

 *��1/. ����(?� C y C"( � ��1 <�BN�/0"��( � C 3UC"(/��1/.b3+��1/����1e( 
NC/)UCh|t~�� � �G��C �k�����8��<���1 ���802�	��[� V���8��!"� 
^!2���8�����V[l�8��B
�8A �Urk��B:��&�� %F��<�0"��1e(%,����� �o��X�0  X�%502����C"!9	 B �C��AD���
	2( ��� |t~W�^n �'~ � p ��� � C

 *��1/1e( I@CS��1/.z�+!2!2�>��.e(� +C5|t~�� � ����C �S�8��[l���8�8��.=B:021 ������!*����0"��1?�8�>�80"��1/�@�8��!2�>����.z���OB:�><�B:�>�802X �/� O 021
��#%A/0"��!20"���I!2��&����8��.$<��>T/T/�8����C"!9	 B �C��AD���
	2( �>�bn ����� p � ��HGC

 *��1/1e(�I@C"(�)+02XZ��!2����(��UC"(���1/.�%F��� T;����( S C/|t~�� ��� ��CY}d��1?�8!"�ZimXZ���/���J������1/�80"�80"��1 (���1 �F��1/.`����0"<�021N��['O*��A ��!20"�802X
B:�><�B:���_n%,S�'02. ��1/XZ�^[l�8��B �8A ���^B:��1b��#%A/0"��!20"����C@�!��"��#��$!�&%'��(��)�*"+� (k~ �'~:n � � p � �GC

 *��1 ��0"��(V}RC^|t~���������C � �>����XZ�GH����02�8�>�80"��1�<kH���'X�A/02B:02EG� �4|l������XZ����(V02��������#;��� �@.eK �/1z��&'��� ���B@�v. �w. ����021/�><��
B:�><�B:�>�802EG� �I[l���8�802!"�I./��1/�	!LK ��#%A/0"��!20"���+.eK �^B:��1eCJrFA ������U.eK �/1/0"�������80"�GH��CJD+1/0"�������80"�GH� �o���/!kj'�>T%�>�80"����(
rh���/!"���/����( ��� � #YC



�����������
	����������� � � �

 *��1 ��0"��(F}RC"( � ���/!"��1 ������( 
NC"(	��1/. �k��!"�SH��(5}RC_|t~���������C�rFA �w�8��B@��!"�8021 <P��[NA?&'. �8���8A ����B:��!2!"&z��!"�����8��.
#;����02. ���80"���I�>�5B:02.'iu�'XZ����1b��02. <����VTG&b021?�����/./021 <NB:��1?�8!"�U./02�>#%0"����C Z@���8�A��Z(
��� �bn �'~�� p �'~ � C

 *��1 ��0"��( }RC"( �k��!"�SH��(/}RC"( ��1/. � ���/!"��1 ������( 
NCe|t~�����H���CJrh����XZ�+��!"��B@��1?�	��1/.-02��������#%02X5X�A/�>����XZ������02�8�>�80"��1-��[
B:�  X_X��/BN�/!2�>�����F021b�@[l���8�802!;B:��1?�8!"�U./02�>#%0"�_| �^B:��1b��#%A/0"��!20"���7��C4Y/�9�+QO	��������
	2(k~ � �dn2~���� p �>�#� C

 *���8<�����(e,FCarICo|t~���� � ��C �+��0"<�021 �_X��/BN�/!2�>�80"���N. ���5��1/X�!2�������I. �U#VH����02. ���80"����� ��-�������/XZ�8� �8�U#'U_X�02!20"�802EG� �^���
�8�>T%�/!2��0"�8� ��:<��8���5<�����021/��(aXZ��B@#%�>����02����1d������X`!"���F����XZ����1/0"������C � ��1/�GH��EG� ��1/XZ���^�8� �+!LK 021?�����8#/�'H���8�>�80"��1
. �N!2���������/XZ�8� �8�N./�dB:��1?�������v��#VH����0"��� ��(a�����5�8��!2�>�80"��1/�5������X@!2�:XZ�8�Ys� ���`021 [�H����0"��� �8�_���^!LK ����0"<�021 �U. ���
T%���8��!"�����5��!2X���!2021/��C���8����
	-�:��$���+AD��
	2(h~�� ~:n �>�PH p �'~�� C

 *���8<�����(�,FC�rIC/|t~�� � ����C � �	XZ��1/XZ��#/�S. �	./�/1/0"�����k�'H���802./� ��!2!"���h���S!2�^�80"<�1/0  X��>�80"��1U#VH�����8��!"��<�02EG� �F. �	XZ���8�8��021/�
B:�><�B:���h#%02XZ��0"�802EG� ����C�%QH��#;��1/������UXZ��B:B@��1?�8��0"�8�*. ��UCW)+02XZ��!2����(WXZ��1/XZ����1/��1?�k!2�	1 ����� � � ���h./�/1/0"�����
��1d��1/X�!2�������I./��1/�5!"���5T%���8��!"�����+��!2X���!2021/�5. ���	s �2!"���F�'X%H����1/02EG� ���Nna�5#/#/�8�'X�A �U#VH�����8��!"��<�02EG� � �'(;#%�>�+,FC
rIC
 *���8<����5���^}RC �S��1/1/0"����C ��8����
	/�:��$���+AD��
	2(h~�� � n � ��� p � �'~>C

 *���8<�����(a,FC%rIC%��1/. �S��1/1/0"����(%}RCo|t~�� � ����C �k�����8��!"��<�&b��[JB@��<���XZ�8&'���8��(;B:�  X_��1/.$�/!"������B:�  X+]'��1 ��!20"�8A/�
[l�8��B �8A �-#%0"#;�@��[5,S<�!2�#(�021 ����( � ���/�8�����81 y ����1/XZ��C St1 II����1 #/�8��T%����(R� C"(k��./0"������(��@��Q�J&�+A)� ���0�)�6�$!5
A��+�
��0��5>AD��"�� ����YU��$'��A)�#J+89���*��$E�#�> J&�C�*�0�+A��@$!��L � ��5��2�1�<;����9�V�+7���� 89���*��$E�<;����9��QO�$'��� ��	 B AD��")�&��5���$2�
�<;1���9�
	+�-����AD5@T&$'�0�+A)$!����*��$!����@��Q�J&�+A)� ���0� YU��$�;��+A��+$!")�� (G#%�><����+~ ��� p ~�H � C/,!2�����'0"����K �S. ������!"��#%B@��1?�
021Q#;�����8��!"��<�&Q������0"����C

 *���8<�����(/,FC rIC'��1/. �S��1/1/0"����( }RCY|t~�� � �G��C � ���	./�/1/0"�������1Q��1/X�!2�������F./��1/�V!"���*T%���8��!"�����	��!2X���!2021/�*. ���s �2!"���
�'X%H����1/02EG� ���_n%�5#/#/�8�'X�A �I#VH�����8��!"��<�02EG� ��C���8����
	-�:��$���+AD��
	2(h~�� �Qn H �?� p H�H��GC

 *����1 ���/02!2!20L(�cNCG��1/.O,9��02�8�����8��('3UC;|t~�� � ����CkrFA �5� #/#;���S3+� OV���8021/�N1/�>#/#;���S021@�8A �+XZ��1?������! �^B:��1-}$���/1'i
�8��021/�vnF�������>�80"<����>#%A?&�(F#%��!2021/��#%�����802X��-��1/. ����EG� ��1/XZ�9��[`1/�>#/#;�v��B@#%!2��XZ��B@��1?��C ������5�(�$!	@]W"��#>(
~@n � � p � � C

 *����1 ���/02!2!20L(GcNC"(9,9��02�8�����8��(/3UC"(/��1/.  V!"��B@��( � C/cNCh|t~����>�?��C,S����!2� �80"��1Q��[h�8A �_rh��02���802X^3+� OV���8021/�`T%���8021e(
� ��1?������! �^B:��1d}$���/1?�8��021/��CRSt1�%F��T;���8�8����1e(/�UC%3UC y C"(;jG���>��!"��(a}RC �kC"(%��1/.�%50"����(/�UC � C"(/��./0"��������(
�-�9�@�������
����(>�$!5G�!��"��#��$?�*"+���<;����9�4.�QO�$  ��#���*��$/(7����!2�/B@� �?�F��[��-�9�4�������
�����*"&��?F!��"C�#�C��(=F�%?��"C�*��
%!8'J+� �*"&����*��$/(%#%�><����U~ � � p �>� �GC  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

 *��� �8��0"����(a}RCS|t~�� � ����C 
$H����!"��<�0"�:. �N!2��1/�>#/#;�_��#%A/0"��!20"�802EG� �_. �@j'��B:��02!k./��1/�5!"���5#%�>�8�80"���5����0"��1?�8��!"���+���
XZ��1?������!"�:. ���^B@��1?�8�><�1 ���_.eK �^B:��1eC_rFA ������@.eKMH���8�>�_���I�8X�0"��1/XZ���I1/�>�8� �8��!2!"����CID+1/0"�������80"�GH� �0"���8�8�N���
}d�>��0"� � � �8��0"�+i �o�>��02�WHGC

 *��� �8��0"����(Y}RC"(  *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � C"(Yc+�Zi#,9��������( �kC"(h��1/. � ���8X�� &�����(R� C i � C|t~�� � ����C  V0"���ti
�����>�80"<����>#%A/0"��. ���_����./0"��!2�>��0"�����_���8���'X�0 H�����@���']9����!2X���1/0"�����U��#%A/0"��!20"�802EG� ���I. ��!2�d1/�>#/#;�:. �bjG��B:��02!
|uj'�/!"�8��1/�>�F.eK �^B:��1a�5n%XZ��1/�GH��EG� ��1/XZ���5����XZ����1 ��<kH��1*H���802EG� ����COYU	� =	-]W"&P5P	UF!"C�*	2( �>�#�%| S S8�^n �>� � p �'~��'C

 *��� �8��0"����(S}RC"( �^A/1 ��1/��������������(*}RC"( � �>T%��1/02��(� +C"( � ���8X�� &�����(M� C i � C"(rh��<�&���&�(V}RC"(��1/. � �ZiM} H������� ��( � C
|t~�� � ����C 
$H���'X�A/02B:0"�O. ���  !"��1/�Q. ��! H����0"�802EG� ���Q���$. ���b�8�'X�A ���b����!2X���1/02EG� ���Q��#%A/0"��!20"�802EG� ���-. �R!2�
1/�>#/#;��. �bjSH��B:��02!FnkXZ��1?������021?�����`�8� �N!"��� �U����0"<�021 �@<kH��������XZ����1/02EG� �$��� � �'H���8��X%H�$�8� #VH����0"��� ��C���8����
	
F!��" 	���������
	���AD�$!")�Z( � | ���^n �>��� p �'~��GC

 V0"<�<��>��( 
NC;}RC;��1/.d3+�/B@#%A ��0"����(/cNC � Co|t~�� � ~W��C^rFA �_#%!2�><�0"�'X�!2������(%[l������������0"����(a./0"��#%�802. ��(/!202EG�/02.Q��EG�/02!20 i
T/��02�/B�021Q�8A �U��&'������B������������ � ����� ��������� � �! ���"$#%� � CM�:��$!	-�����	2(+� �$n �>��� p �'~�� C

 V!"��1/./021 <�����( , CV|t~����'~W��Cd�+!�5��02./Av[l����B:�>�80"��1e(��^B:��1=nk�������>�80"<����>#%A/0"&v��1/.R#%��!"����<�����<����>#%A/02X��80"<�1/0 i
 X���1/XZ��C=St1 �k����������(VrIC"(*)+02XZ��!2����(*�UC"(*��1/. � ��!"��B:��1e( %_C 
NC"(*��./0"��������(@./%'���*��� ���0�\�2�+$��)�)�3� �$!5
�+7���� 89���*��$ �<;G���9�E��")���$?�*"E� ���������#%'�9�+A��Z(o����!2�/B@� �b��[ B �C��AD���
����(��$!5:F'��A)8?"���8�AD��=�������
����(>(o#%�><������� � p �����GC I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C



����� �����������
	�����������

 V!"�G��B@����(VjaCS3UC"()+�>�8!2��1/.e( � C3UC"(��1/. y 02�8A ����(�%_C � C5|t~�� � ����C }d021 ������!V�8��!2�>�80"��1/�8A/0"#%�`0214<��>T/T/�8��02X
�8�'X �'�`[l�8��B [l����XZ�8� �8� (���1 ���`��[LSt1/./02��1 �^XZ����1 %502. <����Qno���'02. ��1/XZ�-[l���@�Z]'����1/�80"���Q[l����XZ�80"��1/�>�80"��1e(
#%�>�8��1?�8��!^./0"�������80"�m&z��1/. T;���/1/./�>�8&?im!2��&������8��XZ�8&'���8��!2!20 (��>�80"��1eC=St1 j'���/1/. ������(*�UCVcNCV��1/.�)5���8�8&�(
}RC/� C"(e��./0"��������(/�����QO����3�)Q ��$ ���9� .�")���$ �1��)��$9� (Y1G�/BUT;���&� �Q021 
+����!"��<�02X���!*jG�'X�0"���m&9jG#;��X�02��!
�� T%!202X��>�80"��1e(G#%�><����U~�� � p ~ � � C  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

 *�����8021 <��'(��`Ce��1/.w�+!2! ���<��8��(-� C � CJ|t~���� � ��C �o�>�8�802��!kB@��!"�8021 <-�/1/. ���^��#/�8����./021 <:��02. <�����C B �����
���C	=�9AD�$9�C	
 =	�F!��" 	/�-��$!5P��$/(�� ��� |ujG����C%�I�+n �>� ~ p �����GC

 *���/./0"����( y C"(� *���/X�A � (�( � C i � C"(J)+02XZ��!2����(o�UC"( � ��1/1/�>��(J}RC"( � ���/!"��1 ������( 
NC"(J}d02�8������0L(o}RC"(J��1/.=}$��1?�80 i
<�1?&�(}RC5|t~�� � ����C I_021 ��B:�>�802X��N��[5�'XZ����1/02XQ�8A ���/���8021 <w021P�8A � �^B:��14��#%A/0"��!20"����CJ}$�'. ��!*��[+#%!2�>���
XZ��1?�����8<���1/XZ��C�X��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2( � �Qn �'~ � p �����GC

 *���/./0"����( y C"( � ���/!"��1 ������( 
NC"(G��1/.�)+02XZ��!2����(?�UC;|t~�� ��� ��Coj'A ���>� (���1 ����(?�8A ���/���8���1/.@�8��!2�>����.�B:�><�B:�>�802�8B
021I�8A � �^B:��1_��#%A/0"��!20"���	nW021/0"�802�>�80"��1^��[ �8A ���/���8021 <	��1U��1U�'XZ����1/02XJ��02. <���C��!��"��#��$!�&%'��(��)�*"+� ( ~ �'~Fn ��� � p
����HGC

 *���/./0"����( y CV��1/. � ��!"��B:��1e(�%_C 
NCI|t~�� � ~W��C XZ�8���8�tim����XZ�80"��1��8A �8��� <�Az�8A �d#;����02. ���80"���d021z�8A �9j'��B:��02!
��#%A/0"��!20"����(%jG��� �8A ������������1 �^B:��1d}$���/1?�8��021/��C"!9	 �����&%'��(��C	  ��)�C	2( � HQn ����� � p �������GC

 *���/./0"����( y C"( 
+�'./�>��.e(h}RC"(h��1/.9�5��BUT/���/��������( � C| �>�����?��Cbj'0"<�1/0  X���1/XZ�N��[V<��>T/T/�8��1 ����0"���`�'X�X�� �8�8��1/XZ�
021Q�8A �UXZ���/���8��!e����XZ�80"��1$��[o�8A �NjG��B:��02!;��#%A/0"��!20"����C ���AC	������&%'��(��C	� ��)�C	2( �'~�| ��� �G�_n �>� � p ����HGC

 *���/./0"����( y Ch��1/. ��� �������e(YrIC*| �>�����?��CbrFA �@��#%A/0"��!20"���@��['�^B:��1R��1/.RD+1/0"����.R�5���>TO,B:0"���>������C6���AC	
�����&%'��(��C	  ��)�C	2( �'~�| ��� �G�In2~�� � p ~���HGC

 *���/./0"����( y CJ��1/.z}d02X�A/�>��.e(o�UCF|t~�� � ~W��C �^B:��1P��#%A/0"��!20"������(h�8A �bEG�/0"���N��Te./�/XZ�80"��1O��[5�'XZ����1/02XbXZ���/����C
�!�+A)ADNYU����$?���#>(k~@n2~���� p ~�~ � C

 *���/./0"����( y C/��1/.b)+02XZ��!2����(/�UCh|t~���������C*)+�>�8� �8�I��[k�8A �U}$��A �:������1/�80"�80"��1 (���1 �_021Q�8A � �^B:��1Q��#%A/0"��!20"����C
!9	 B �C��AD���
	2( ��HQn ����� p �>��HGC

 *���/./0"����( y C"(e)+02XZ��!2����(e�UC"(e��1/.$ *���/X�A � (�(R� C i � CJ|t~�� � ����C I_021 ��B:�>�802X��+��[S�'XZ����1/02XN�8A ���/���8021 <-��1/.v�8� T i
./�/XZ�80"��1Q[l�8��B T%���8��!Y����XZ�80"��1/�F��[k��#%A/0"��!20"������C Z@���8�A��Z( ����Hbn � ��� p � � � C

 *���/./0"����( y C"(Y)+02XZ��!2����(e�UC"(Y��1/.� *���/X�A � (�(R� C i � CS|t~�� � ����C � ����BUT;���8�UjaC"(ec^��A/!�%_Ce��1/.���� �������9rIC � ���
��#%A/0"��!20"�����I. ���U1/�>#/#;���I. �QjG��B:��02!F| �^B:��1a�Nnh�������/XZ�8� �8���_021?������1 ���_. ���UB:���8�80"[\�I. ��)+�	�'A/!J���N. �
%5�/���8��E%C�F!"C�*	 ��������
	���8����
	
S F'��AD���J���8�A*��( ��Hbn2~�� p ���GC

 *���/./0"����( y C"(e)+02XZ��!2����(e�UC"(;��1/. � ���/!"��1 ������( 
NCS|t~�� � ����CUc+�@!LK ��X�XZ�'H���80"��19�'X%H����1/02EG� � ��-!2�-XZ��1?�����8<���1/XZ��C
� �UX����5. �_!LK ��#%A/0"��!20"���^.eK �^B:��1eC ��8����
	RF!��" 	���������
	���AD�$!")�Z( � | ���^n ���'~ p ���>�'C

 *���/./0"����( y C"(')+02XZ��!2����(G�UC"('��1/. St!2. ��[l��1/����(� +C;|t~�����H���CJ}d�><�B:�`X�A/��BUT;�����*021:�8A � �^B:��1���#%A/0"��!20"���InG[l��.
[l�8��B �8A �_����#d��1/.bT;��������BbC�X��A+��� B �
�$��C�#	RF!"C�*	/�/�C�*�#	2(h~�� �$n ����� p ���>�'C

 *���/./0"����( y C"(/)+02XZ��!2����( �UC"($St!2. ��[l��1/����(� +C"(%��1/.E�����/�8����!2021e('cNCh|t~���������C, � % B:02XZ�8��#%!2�>�����+n/�@B@�'. ��!a[l���
�8A ���^B:��1Q��#%A/0"��!20"����C@�!�+A)ADOZ@��7�>(a�Qn �>� p � �GC

 *� O*��1e(a)UC � Ch|t~���� � ��CO�-�9� �+7���� 89���*��$��<;@���9�@�
��$�����82�4AD��"�� � C �S��021/XZ������1$D+1/0"�����80"�m& �S�8���8��C
 *�����	�'B:��1e(�� C>3UC"( � ������!2!L(# +C�I@C"(�}d�>�8�8021e(�� C73UC"(��k����������(�rIC � C"(>��1/.��S��1'i �^!20"���	|t~�� � ����C � �>��� �o��!"��� (���02X
+��1/.$OV��1/�@<�!2��X�02�>�80"��1$021 �^B:��1eCMZ@���8�A��Z( �����bn � � p �>�'C
 *��02EG� ���e( � C"(�} H������!L( � C"(���1/.� *���/./0"����( y C/|t~����'~W��CejG��(>)+.e(���1/. �ST@02��������#%02X*XZ��1/��������021?�8�J021U�8A �V<���1 ���802�

��[o�@X���!2X im��! �>��!2021 �^#%!2� ����1/02X5�8�/0"���I021 �^B:��1Q��#%A/0"��!20"���+�8��!2�>����.Q���:��Te./�/XZ�80"��1-#/�8�'XZ���8��CNSt1 �k����������(
rIC"(G)+02XZ��!2����(G�UC"('��1/. � ��!"��B:��1e(�%_C 
NC"(G��./0"��������(/./%'���*��� ���0�W�2�+$��)�)�3�V�$!5G�+7���� 89���*��$ �<;V���9�4��")���$?�*"
� ���������#%'�9�+A��Z(?����!2�/B@� �+��[ B �C��AD���
����( �$!5@F'��A)8?"���8�AD��R�������
����(>(?#%�><���� �'~�� p � � �GC�I_!2�BO*���J�+X���. ��B:02X
�� T%!202�8A ������C



�����������
	����������� �����
 *�8� O51e(�}RC>�UC |t~�� � �?��C/rh�Z]'�8� ����!G��1/.U<����'X�A ��B:02X���!G���'02. ��1/XZ�[l���k�8A �*����0"<�021_��[/����B@�VX�A �8��B:0"���V. ��#;���80"�8�

021=�8A � �^B:��1z��#%A/0"��!20"����C St1 �o��1/��&'0"�������e(*�UC"(S��./0"������(@./%'���*��� ���0�)�&S B AD��")�&��5���$2���ET&$'�0�+A)$!����*��$!��
./%'���*��� ���0�6F?(�QW%9���)��8�Q`(o#%�><���� �G~�� p � �'~>C 
+����!"��<�02X���!Fj'� �8����&R. ��#%�>�8�8B@��1?�U��[ � &G#/���/��C � &G#/���/��(
~����>�GC

 *�8� O51e(a}RC%�UCo|t~�� � ����COY/��AD��Q ���0�O5��0%9���)����� �$!56���9�+��A@8�� ��AD�QO��M" �����+�M��$N���9�G.�QO�$ �&%'���*��� ���0�ZC �A/c
�8A ���802��(/rFA � �+#;��1bD+1/0"�����80"�m&�C

 *�8� O51/021 < ( �kC	|t~�� � ����C �-�9�4%?�+A+��AD���
����(�SV�2����"+�9�+Q �3�+��A)(�S@�$!5 �+��A)8?"���8�A��\�<;G���9�@%!� 89�#��$?�*"EAD��"�� �\�<;G���9�
.�QO�$��&%'���*��� ���0�ZC �A/c �8A ���802��(/rFA � �+#;��1bD+1/0"�����80"�m&�C����#��#YC

 *�8� O51/021 < (��kC|t~�� � �G��C � �8&G#/�802XU�>�>��02�>�80"��1 O50"�8A/021d�8A �:X��/BN�/!2�>���:����EG� ��1/XZ�@��[�8A � �^B:��1v��#%A/0"��!20"���-n
B:�><�B:�vX�A/��BUT;���@. ��#/�8AP��1/.P#;�����8��!"��<�02X���!*02B@#%!202X��>�80"��1eCPSt1 
^���8��((S C 
NC"( � 0"#/#%�>��.e(ojaCU� C"(o��1/.
j'A ��!"����1e(k�UC�, C"(o��./0"��������(V./%'���*��� ���0�)�\�$!5 ]1$!"C�#�+$'�>.�")���$?�*"G�����������#%'�9�+A��Z(1G�/BUT;���Q~ �w021PrFA �
+����!"��<�02X���!ojG�'X�0"���m&djG#;��X�02��!a#%� T%!202X��>�80"��1e(G#%�><�����G~ p � �GC! V!2��X �EO*��!2!h�8X�0"��1?�80  X+#%� T%!202X��>�80"��1/��C

 *�8� O51/021 < ( �kC	��1/. j'B@� O5021 < (�� CVcNC_|t~�� � ~W��C �S�8�'XZ���8�����Q021�B:�><�B:�=X�A/��BUT;���QT;��1 ���>�8A ��#/�8����./021 <
�7]'���-nh���'02. ��1/XZ��[l���`B:�><�B:�>�802X-���8���'X�02�>�80"��1/�N021R�8A ���^B:��1R��#%A/0"��!20"����C !9	4�������
	�F!��" 	M�-��$!5P��$/(
~ � � n ���>� p � � �'C

 *�8&���1e(R, C� +C	|t~�� � ����CPjG&'������B:�>�802X��N��[+}$�'./��! �A ��1 �'XZ�8&'���N�+�8����BUT%!2�><����`021=j'� T%B:�>��021 �� V���8��!"�8�-n
�k�����8��!"��<�02X_02B@#%!202X��>�80"��1/��C=YU��$'��A)�#J�	R�:��$��+A)�
	 B �C��AD���
	2( � �bn H�� p � � C

 V�/X�A ����('}RCe|t~����'~W��CJ}d021 ������! ��EG�/02!20"T/��02�^021:B@���8�><��>T/T/�8���+n?���'02. ��1/XZ�5[l���*#;��!"&'B@���8��B@���8#%A/02XV������!2� �80"��1
��[N�8A �R�+�802B:��A�O5021/. � O_(	1 ���8�8A ����1 �^B:��1 B@���/1?�8��021/��(	D+1/0"����. �5���>T ,B:0"���>������CCSt1 �k����������(
rIC"(G)+02XZ��!2����(G�UC"('��1/. � ��!"��B:��1e(�%_C 
NC"(G��./0"��������(/./%'���*��� ���0�W�2�+$��)�)�3�V�$!5G�+7���� 89���*��$ �<;V���9�4��")���$?�*"
� ���������#%'�9�+A��Z(?����!2�/B@� �+��[ B �C��AD���
����( �$!5@F'��A)8?"���8�AD��R�������
����(>(?#%�><���� � � � p ���G~>C�I_!2�BO*���J�+X���. ��B:02X
�� T%!202�8A ������C

� �	�'0"��(RDUC"( ��� �������e(OrIC"(O��1/. , A/0"����X�AG� ��X�Ae(O3UC |t~���� � ��C )5��� ����!2!"��� #/�8��� ����� . � !LKMH��X���02!2!2�><��
021?�����7iu�'X%H����1/02EG� �=#/�'H��XZ�'XZ� . ���v��#%A/0"��!20"�����w�GH���8A?&'�80"��1/1 ���=nI!"���v�8�'X�A ���RBPH���8��B@���8#%A/02EG� ���9021 [l���7i
#VH����02. ���80"�802EG� ���./��B:���8�80"[;. � �k���8��1?�80 i0I_�>���8��1?�80J|\rk� ��EG�/0"�7��C���8����
	 F!��" 	M��������
	 ��AD�$!")�Z( �>��n H'~ p �7�'C

� ��!"��� (�(�� C i �`CG��1/. � ���8X�� &�����(�� C i � Ca|t~����'~W��C � ����.�02��������#;�F<����'X�A ��B:02�����8&@��[;�>�>��0"���/�S�8�/!"#%A/02. �V. ��#;���80"�8�
[l�8��B �8A ���^B:��1-B@���/1?�8��021/��C St1 �k����������( rIC"(')+02XZ��!2����('�UC"('��1/. � ��!"��B:��1e(�%_C 
NC"('��./0"��������(R./%'���*� �
� ���0�@�2�+$��)�)�3� �$!5:�+7���� 89���*��$ �<; ���9����")���$?�*"�� ���������#%'�9�+A��Z(h����!2�/B@� ����[ B �C��AD���
����( �$!5\F'��A)8?"���8�AD��
�������
����(>(a#%�><���� � � � p �����?C�I_!2�BO*���5�+X���. ��B:02X �� T%!202�8A ������C

� ��1/1/�>��(5}RC"( � ���/!"��1 ������( 
NC"(F��1/. y !"���8X�A ����(1� CU|t~���������C � �'X���!20 (��>�80"��1 ��[`./�/XZ�802!"�v��������021 ��1/. �8A �
B:�><�B:�>�802X^������!2� �80"��1Q��[k<��>T/T/�8��02X+�8�'X �'�	. ��02!2!"��.��>�	�8A �U}d02.'im�V�8!2��1?�802X+��02. <��:| ��� ��)I��C(St1EI_�>������1e(
� C%�UC"( � ��1/1/�>��(;}RC"(;}d02!2!"����('� C%cNC"(a��1/.d,!"�8A ��1e(/cNC"(a��./0"��������( B AD��")�&��5���$2� �<;>���9�6.�")���$ �4A)����� ��$2�
B AD����AD�Q>S F!"C�#�+$'��� �M"� ��)�)8�� ��� ( ����!2�/B@�`~ ���G( #%�><���� ��� p � � C � ��!2!"��<��_jG�8�>�80"��1e( r�� | �^XZ����1$c+��02!2!2021 <
�S�8��<�����B-��C

� ��1/1/�>��(e}RC"( I_�>������1e( � C;�UC"(e}d02!2!"����(acNC � C"(e�5<��>��(hjaC;}RC"(  V�>��!2021 < (�� C"( � ������&�(-� C y C"( � ���/!"��1 ������( 
NC"(c^02!"� �a( �`C"( y !"���8X�A ����('� C"( y �7680"T%��&����8A/0L(')UC"( 
^�><�<����8� ( � C"( 
+����(!� C%jaC"(/3+� ������(/jaC cNC"('II��!2!"��&�( cNCajaC"(
II��B@#/����1e( �kC;cNC"( � � OF�8��1/XZ��(!%_C;}RC"(e}d�>��X�A/0"< ( �NC"(;}d� ��������( � C"(;)+0202./�'(?I@C"(!%F�'.$OV��&�(�I@C"( %F���8��(
cNC�I@C"(YjG����#%A ��1/��( � C"(',9����1 ����( � C imcNC"(!, A/0"����X�AG� ��X�Ae(;3UC"(e��1/. y ��];( � C �NCJ|t~�� � ����C B AD��")�&��5���$2���
�<;6���9�N.�")���$ �4A)����� ��$2� B AD����AD�Q>S4��$?�����*��MA��0%9��A+��� (J����!2�/B@�v~ ���GC � ��!2!"��<��$jG�8�>�80"��1e(or�� | �^XZ����1
c+��02!2!2021 < �S�8��<�����B-��C

� �>�8��0 ����8��(!� C i � Ch|t~���� � ��C��/� ")�+AD"C� � 5��)�4Q��+$'�0�+8�A&� C �S�8���8� �k�'X ������C
� �>�8������(Y3UC/� C|t~ � �>�?��C 
+����!"��<�02X���! �+T%�����8�>�>�80"��1/�+��19�8A ��SM<�1 �����/��%F�'X �'�I��[	}d��� �>�>�U��1/.90"�8�I)5��0"<�A'i

T;��� ��A �G�'.e(/��1/.$��1d�8A � � 02B@��������1 � y ����B:�>�80"��1w�>�+�8A ��0"�+X�0"��X��/B@[l���8��1/XZ��C !9	 �<;��1��Q�J��(�SWJ+AD�$!"+�
�<;@���9�  ��(P�� ]V�)�*����*">F!��"C�#�C��(>( �Qn2~�~ � p ~ ���GC



��� � �����������
	�����������

� � O*�G�'.e( �kCS�UC5|t~����'~W��C �S�8�'XZ���8�����@��[+��#%A/0"��!20"���-��B@#%!2��XZ��B@��1?�:021 �^B:��1=��1/.=)5� OF[l���/1/./!2��1/.eC St1
�k����������( rIC"( )+02XZ��!2����('�UC"( ��1/. � ��!"��B:��1e(�%_C 
NC"('��./0"��������(�./%'���*��� ���0�W�2�+$��)�)�3�4�$!5G�+7���� 89���*��$:�<;=���9�
��")���$?�*"�� ���������#%'�9�+A��Z(Y����!2�/B@� ����[ B �C��AD���
����( �$!5EF'��A)8?"���8�AD��1�������
����(>(e#%�><���� �>� ~ p �'~�HGCRI_!2�BO*����+X���. ��B:02X �� T%!202�8A ������C

� ���/!"��1 ������( 
NCJ|t~�� � H���CNjG�����/XZ�8� �8�N. ���5��#%A/0"��!20"�����5.eK �^B:��1On y !2�']dB:��1?����!2!2��0"�8�U�����/�^�/1dXZ��1?���8�@.eK �Z]Gi
#%��1/�80"��1Q�'X%H����1/02EG� �_���5X�A/�>�8��02�><�� ��:!2�@. �����8��!"��CSrFA ������U.eK �/1/0"�������80"�GH��CS)+��1?������( ��� � #YC

� ���/!"��1 ������( 
NC5|t~����'~W��C=,S�'02. ��1/XZ�Q[l���:�v#%��!"���>im��#/�8����./021 <vXZ��1?�����-021P�8A � �^B:��14��#%A/0"��!20"���wnJB:��1?�8!"�
�������/XZ�8� �8���`021R�8A �b}d��EG�8��.=�>�8���'C St1 �k����������(JrIC"(o)+02XZ��!2����(o�UC"(J��1/. � ��!"��B:��1e(�%_C 
NC"(o��./0"��������(
./%'���*��� ���0���2�+$��)�)�3�V�$!5��+7���� 89���*��$ �<;1���9�4��")���$?�*"=� ���������#%'�9�+A��Z( ����!2�/B@� �I��[ B �C��AD���
����(��$!5 F'��A)8?" �
��8�AD����������
����(>(a#%�><����U~��?� p ~�� �GC�I_!2�BO*���5�+X���. ��B:02X �� T%!202�8A ������C

� ���/!"��1 ������( 
NC"(%}$��1/1 ���8�����e(%}RC"( ��1/.b�+B@��0L(ES CY|t~�����H���CrFA ����B:��!a�������/XZ�8� �8�^��[k�N[l���8�802!;B:��1?�8!"�I./02�>#%0"�
021 [l���8�8��.-[l�8��B �8A �U./02������0"T%� �80"��1���[oB:�  X_X��/BN�/!2�>������CMZ@���8�A��Z( ���>�bn2~��?� p ~ ���GC

� ���/!"��1 ������( 
NC"( }$��1/1 ���8�����e('}RC"(�%5�>T%021 � O502X�(�(G}RC"('��1/.�%F������BUT;���8< ( � C;|t~���������CkrFA ����B:��!/��1/.:#;�����8�>i
!"��<�02X���!kXZ��1/����EG� ��1/XZ���5��[SB@��!"�+B:0"<����>�80"��1PO50"�8A/021$B:��1?�8!"�U#%!2�/B@����C B �����
	1�9AD�$9�C	  =	UF!��" 	��-��$!5P	2(� � � |\�I�In ��� p H � C

� ���/!"��1 ������( 
NCG��1/.:)+02XZ��!2����(?�UCa|t~�� � ����CojG�����/XZ�8� �8���S021@#;�'./0"[l����B X�A �8��B:0"���F[l�8��B �8A �^}d��EG�8��.�./02������02XZ�
|uj'�/B:��02!a��#%A/0"��!20"����( �^B:��1a��C��:��$��+AD�� ��8�Q � �0%9���)���#>( �>�bn2~���� p ~ � �GC

� ���/!"��1 ������( 
NC"(?)+02XZ��!2����(��UC"(?��1/.  *���/./0"����( y Ca|t~�� ��� ��CY}d��1?�8!"� �/� Oz#%�>��������1/�S�>���1@�'XZ����1/02X	��#/�8����./021 <
XZ��1?���8��n/rFA � �^B:��1b#;����02. ���80"�����*�8��XZ����.eC �!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n2~ p ��HGC

� ���/!"��1 ������( 
NC��1/. %5�>T%021 � O502X�(�(S}RC+|t~���������C�}d��1?�8!"� �/� O ��1/.=B@��!"�:B:0"<����>�80"��14T;��1 ���>�8A4�'XZ����1/02X
��02. <����FnG}$�'. ��!2�. ����0"����.@[l�8��B ��T%�����8�>�>�80"��1/�021@��#%A/0"��!20"������C*St1�}$���8<���1e(9� C �kC"(� V!2��X �'B:��1e(GcNC2I@C"(
��1/.Rj'02B@��1e(�� Ce}RC"(;��./0"��������( ���$'��� � � �
��L �$!56� �+� �4���+$��+AD����*��$ �� �:�*5 �+.�")���$  ��*5��2�)� (e1G�/B`i
T;��� �G~U021 
+����#%A?&'�802X���!YB@��1 ��<����>#%Ae( #%�><����U~ ��� p ~ � � Ce�+B@����02X���1 
+����#%A?&'�802X���!YD+1/0"��1eC

� A ��B@��1/./�'(;�UC S C"(Y}d�>���8��� ����(k}RC"(e��1/.� *� �'�/1e(e�UCe)UC|t~�����H���C � ��1?�8021 ��1?�8��!J�8� Te./�/XZ�80"��1d��1/.9�QB@�Zi
X�A/��1/02�8B [l���S�Z] AG�/B:�>�80"��1@��[eA/0"<�A'iu#/�8���8�8� �8�VB@���8��B@���8#%A/02XV�8�'X �'�Fn?1 � O B@�'. ��!2!2021 <^��1/.  ��!2.@./�>�8�
[l�8��B �^B:��1eCMX��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~�� �Qn2~�� � p ~ � �GC

� A ��1e('� C/3UC%��1/.��o��!2!202��������(?� C;jaCh|t~�� � ~W��C � ����.d02��������#%02XI���8�/./0"���V��[o�8A �Nj'��B:��02!;��#%A/0"��!20"����( �^B:��1eC"!9	
�����&%'��(��C	  ��)�C	2( � H | �G�^n ��H���� p ��H����?C

� A ��1 ����� (�(R� C"(h}d��X�A ������!L( �kC"(h��1/.9)+02XZ��!2����(h�UC|t~���� � ��C-)+�/B@����02X���!JB@�'. ��!2�^��[VB:�><�B:�$X�A/��BUT;�����_021
�8A ���^B:��1Q��#%A/0"��!20"����C�!9	������&%'��(��C	� ��)�C	2(h~����bn2~ � � � � p ~ � � ���GC

� A ���G�8��!L(�jaC"( � A ���G�8��B@��1?��(��kC"(�,�&'1/��( %_C"( � �ZiM} H������� ��(2� C"(��+! imrh��T%�'(��UC"(���1/.  *��� �8��0"����(�}RC/|t~����'~W��Ca�8A �
�/���_��[J./0"<�0"�8��!2!"&?iu#/�8�'XZ���8����.$jG#;���F./�>�8��021Q�8A �_<�����!"��<�02X���!kB:�>#/#%021 <`��[o�8A �_��#%A/0"��!20"���I��[J1 ���8�8A ����1
�^B:��1eC St1 �k����������(FrIC"(	)+02XZ��!2����(V�UC"(F��1/. � ��!"��B:��1e( %_C 
NC"(V��./0"��������( ./%'���*��� ���0� �2�+$��)�)�3�:�$!5
�+7���� 89���*��$ �<;G���9�E��")���$?�*"E� ���������#%'�9�+A��Z(o����!2�/B@� �b��[ B �C��AD���
����(��$!5:F'��A)8?"���8�AD��=�������
����(>(o#%�><����
� ��� p � � �GC I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C

� A ��02������1/����1e(e)UCJS CY��1/.Pj'B@� O5021 < (/� CYcNC*|t~�� � ~W��C 
+����!"��<�&R��1/.R����02�8B:02X`�������/XZ�8� �8�@��[V�8A ��1 ���8�8A ����1
����XZ�80"��1$��[k�8A ���^B:��1Q��#%A/0"��!20"����C�!9	������&%'��(��C	� ��)�C	2( � H | �G�In ��� � � p �������GC

� ��!"��B:��1e( %_C 
NCo|t~�� � ~W��C_rh��XZ����1/02X@jG�����8021 <�[l�����+#%A/0"��!20"��� �+Te./�/XZ�80"��1$021$�^B:��1eC�!9	W�����&%'��(��C	  ��)�C	2(
� H | �G�^n � �?��� p ���>� � C

� ��!"��B:��1e( %_C 
NCV|t~�� � �G��CwrFA ��./0"�������80"�m&v��[	��#%A/0"��!20"������C St1��*OV�>�8��(k3UC�� C"(k3+�>�8�8B:��1e( �kC"(k��1/.Orh��T%0L(
�UC � C"(%��./0"��������( ./%'���*��� ���0�)� �$!5��R� ��AD�QO��M"OAD��"�� ��� 6��A)�#J+89�0� �#�OX�Q ��� � 5��+$K�!����(%����!2�/B@�>H�� | ���
��[4�������
�����#�O�+$\�:� �)$�J���8�LJ(/#%�><����U~��/~ p ~ ���GCec+�  V�/�8��&Q,!2!"����B:��1Q3+�>��Bb(%�+B:��������./��BbC



�����������
	����������� ���W�
� ��!"��B:��1e( %_C 
NCh��1/.R35��#%����1e( � CY�UC*|t~�� � ~W��C St1?���8�'./�/XZ�80"��1v���$�8A � �^B:��19��#%A/0"��!20"����C !9	V�����&%'��(��C	

 ��)�C	2( � H | �G�In � �?��� p � �?��HGC
� �G��<���1e( � Ce�UC"( II��B@#/����1e( �kCecNC"(hj'���/1/. ������(a�UCecNC"(e��1/.v)5���8�8&�(Y}RC-� CJ| �>�������?��C@}$��!"�I�><�<��8��<��>�80"��1

O50"�8A/021$�8A �`XZ���/���5T;��1 ���>�8Aw�8A �@}d02.'im�V�8!2��1?�802X %502. <���n;���'02. ��1/XZ�U[l�8��B #%!2�><�0"�'X�!2�����N��1/.wX�!2021 ��#G&?i
�8��]'��1 �UB:�W6����+��1/.Q������XZ�U��!"��B@��1?�5XZ��B@#;���80"�80"��1/��C X��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~���HQn � � � p �����?C

� �G��<���1e( � C`�UC"(�j'���/1/. ������(N�UC`cNC"( II��B@#/����1e( �kC@cNC"(@��1/. )5���8�8&�(:}RCO� Cb| �>�����>T;��C ,S�'02. ��1/XZ�
[l�8��B �'XZ����1/02X�<��>T/T/�8���4[l���=#;���8���/�4B@��!"�=B:0"<����>�80"��1?O50"�8A/021 � XZ�8&'���8��!bBN�/�8A�T;��1 ���>�8A �8A �
}d02.'im�V�8!2��1?�802X %502. <���C ������"+�9�+QO	:�����&%'��(��C	N�������)(��+�#	2(�~�|\�5�8�802X�!"��� � �'~ � O*����./��( �  <�� �8����( �
�8�>T%!"�����\�+n �>����� 
 � ������� � �GC �� T%!202�8A ��.bjG��#/����BUT;��� ���G( �>�����'C

� �G��#;����(%cNC�� C?, Co|t~�� � ����C53+��B@���>�+c^� ��� 
+�8��� #On/�8���'02����.d�������>�80"<����>#%A?&Q��[J��B@����� (���02XU. ����# i OV�>�����
#%���8�80"���_B:�>�8<�021$021Q�8A � �^B:��1d}$���/1?�8��021/��C@�������
	R�����	2(Y~ � �dn2~ ��� p ~�H � C

� ��� OF[l����.e(/�UC'� C"(/��./0"�����N|t~�� � ����C��1��$?��$?���0�)� CD+1BO5021b35&'B:��1O| � ��1/. ��1a��C
c^��A/!L(�%_CF|t~�� � �G��C4,S�8�/. �-<kH����BPH������02EG� ��(S#VH�����8��!"��<�02EG� �Q���@<kH���'X�A/02B:02EG� �b. �Q!2�w�GH��EG� ��1/XZ�$XZ���/���8��!"�b. �

!LK ��#%A/0"��!20"���b.eK �^B:��1e(B:���8�80"[^. � %5�/���8��E |lT%!"�'X$. �d3+��&'!2��&'1a��C*D+1 B@�'. ���!"�d����02./02B@��1?�80"��1/1 ��!V. �
(���1 �U.eK ��X�XZ�8���80"��1eCrFA ������U.eK �/1/0"�������80"�GH��CSD+1/0"�������80"�GH�  V!2��02��� �o���8X���!L( � !"����B@��1?�ti y ���8����1/.e( ��H ��#YC

c^��A/!L( %_C"(���� �������e(7rIC"(# *���/./0"����( y C"(>)+02XZ��!2����(>�UC"(# *���/X�A � (�(P� C i � C"(7��1/. � ����BUT;���8��(�jaC'|t~�� � ����C �+#%A/0"��!20"���. ���@1/�>#/#;���`. �djG��B:��02!I| �^B:��1a�:nJ1 ��� ����!2!"���@. ��1/1*H�����@. �Q�����8����021=�8� �@!"���N#%�>�8�80"���`#%!2� ����1/02EG� ���
�8� #VH����0"��� �8���	. ���FB:���8�80"[\�F. ��%5�/���8��E����5. �_)+�	�'A/!LC F!"C�*	��������
	���8����
	
S F'��AD���J���8�A*��( ��Hbn ��� p ���GCc^��1?&'�/�8A ��� �G&�( � C �NC"( � �>�8�8��!2!L(Y}RC %_C"(k��1/. y ��!2!"�G��1e(hrIC/� C*|t~���������C �+��0"<�021v��[	A/0"<�A'im�+1v#%!2�><�0"�'X�!2�����
021drh��1 <���1w3+0"<�A'i � �� *��1/021/0"�����_n'StB@#%!202X��>�80"��1b[l���5#%!2�><�0"�'X�!2�����ZiM}$��!"�5��EG�/02!20"T/��02�N�>�^!"� O �+|�� � �U��C
YU�$!	/�:��$!	2( ���Qn �'~ � p ����HGCc+�Zi#,9��������( �kC"(  *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � C"(e��1/.� *��X�A ��1/1 ��X>( y C|t~�� ��� �?��C:c$H��XZ��� �����8�����N. �`���7i
./0"��!2�>��0"�����#;����B:0"��1/1 ���8���:T;����.-�8�/.-. �^!2�`r-H���8A?&'�_|\1/�>#/#;���V.eK 3+� OV���8021/�'(%j'�/!"�8��1/�>�V.eK �^B:��1a��CVYU	
 =	/]W"&P5P	�F!"C�*	2( �>� �'| S S8�^n2~ � � � p ~ � ��� Cc+�Zi#,9��������( �kC"(  *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � C"(k��1/.  *��X�A ��1/1 ��X>( y CV|t~�� ��� T;��C��k����B:02��1O�><��-[l�8��B
����./0"��!2�>��0"�����V��[k�8A �UA/� OV���8021/�@1/�>#/#;����( �^B:��1$}$���/1?�8��021/��C>�������
����(>(k~�HQn �'~ � p �'~�� Cc+�Zi#,9��������( �kC"(  *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � C"(���1/.  *��X�A ��1/1 ��X>( y C/|t~����>�?��C �k����B:02��1U��� � �8���8��XZ�����/�
����./0"��!2�>��02��1IT%0"���������>�80"<����>#%A/02XS./�>�8�+[l�8��B{�8A � �^B:��1`}$���/1?�8��021/��CESt1 %F��T;���8�8����1e(7�UC>3UC y C"(?jG���>��!"��(}RC �kC"(7��1/.�%50"����(W�UC � C"(���./0"��������(��-�9�4�������
����(@�$!5��!��"��#��$?�*"+� �<;M���9�=.�QO�$� ��#���*��$/(W����!2�/B@���?�	��[
�-�9���������
�����*"&��-F!��"C�#�C��( F�%?��"C�*��2%!8'J+� �*"&����*��$/('#%�><���� ����� p ��� � C  V!2��X �EO*��!2!Yj'X�0"��1?�80  X �� T%!202X��>�80"��1eCc+�Zi#,9��������( �kC"(  *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � C"(;��1/.$ *��� �8��0"����(;}RCS|t~�� ��� XW��C %5��./0"��!2��0"�8���IjSH��1 ��1/0"��1
. �_!2�@1/�>#/#;�_. �Nj'��B:��02!S| �^B:��1a��C  ��+7 8'� 5��=�:�*"CAD�&%9�� �����$'�#���
�����#�Z( �'~@n2~�H�H p ~��>�GCc+������( , C7�UC"(W35� O50"��( %_CW�UC"(W��1/. �;�/�8�8��B:1e(�� CG|t~���������C?]1$ ��$'��AD��5�8?"����*��$G�#�=���9�MAD��"�� � ;C��A)Q ��$2�4Q ��$��+AD�� � C
3+�>�8�>�>��.$D+1/0"�������80"�m& �S�8���8��( �>1/.b��./0"�80"��1eC

c+���8�8��021?��(�, C?��1/.:)5<6O`s��B:�'(G�UC;|t~���� �G��CR]18O�)8?5 5��)�W$?8?��2�)� ��Q (����9�)�4�C��"&��$'�0�)�1A���"C8'�+����� �3�1��AD�� �+Q��+$'�
"+�9���@� �)�4QO��$'�#���$!�AD5��4���3�&�C��8	�0���#J���C�#� ��J+��A)QO�$9��
7C � K ��� T;�_. ���	#;��� #%!"����C 
^��!2!202B:�>��.eC

c^02X �a(3UCM� C  +C"(*}$��&�����( �kCVjaC"(  V!"�G��B@����(*jaC"( I_0"�8TG&�(jaC"(VjG�8�	������(*cNC"(��1/. }d� O*����( � C+|t~����'~W��C � 0 i
�8A ���������>����<����>#%A/02X�������!2� �80"��1P��[5��14021'im�80"�8�O����XZ�80"��1P��[F�'XZ����1/02X-!2��&���� �GC St1 �J��1'im35���8��1e(�%_C �kC"(
%F��T%021/����1e( �kC;rIC"(;�+./��B:����1e(;�UC � C"(  *��X ������(-I@C"(! V!"�G��B@����(YjaCa3UC"(;B:�>�8A/02!2. � � ��1/1/�>��(;c^02X �a(;3UC
� C! +C"(e35����B:B@����B:��1/1e( %_C y C I@C"( 
^�>��.e( 
NC"( 
+��!2. T/�8��< (;cNC"(e35���8T;���8��(!%_C"(e35���8����<���1e(-� C 
NCe3UC"(35��� �'021/��(;3UC"( SM�8� ��021 � ( 
NC"( I_���8����1/���>��(-� CecNC � C"(;��1/.:II��B@#/����1e(��kCecNC"(;��./0"��������( B AD��")�&��5���$2�:�<;
���9�@.�")���$ �4A)����� ��$2� B AD����AD�Q>SRF!"C�#�+$'��� �M"" ��)�)8�� ��� (�����!2�/B@�I~�~ � (�#%�><������ ��� p ��� � C � ��!2!"��<��5jG�8�>�80"��1e(r�� | �^XZ����1dc+��02!2!2021 < �S�8��<�����B-��C



���%� �����������
	�����������

c^02X �a(?3UC�� C  +C?��1/.@)+�>�8!2��1/.e(�� C�3UC%|t~�����H���C � �>���ZitjG�8�><��^B@��!"�J������!2� �80"��1@��1/.@������1/��#;���8�J021N�8A �5�8A/��!2!"� O
B:��1?�8!"�IT;��1 ���>�8A-�8A �_,����� �o��X�0  X&%502����C(St1b}$������!L( � C"( 
^02!2!202��(2I@C/}RC"(/�+!2!2��1e(9� C y C"(/��1/.$}$��&�����(
�kC*jaC"(k��./0"��������( B AD��")�&��5���$2� �<;E���9��.�")���$ �4A)����� ��$2� B AD����AD�Q>S@F!"C�#�+$'��� �M"  ��)�)8�� ��� (J����!2�/B@�9~�� �?(
#%�><����U~���� p ~ � � C � ��!2!"��<��NjG�8�>�80"��1e(/r�� | �^XZ����1dc+��02!2!2021 < �S�8��<�����B-��C

c^02X �a(?3UC�� C  +C"(?)+�>�8!2��1/.e(�� C�3UC"(?�+!"��(�� C � C"(  V��X�Ae(P, C"(  V02. �����e(�cNC"( 
+����(�� CGjaC"(�3+�><�<�����( jaC"(�35���8����<���1e(
� C 
NC;3UC"(;3+0"�8�8Ae( 
NC"(;35��!2Bb( �kCe}RC"(*St!2. ��[l��1/����(  +C"(*SM�8� �8��021 � ( 
NC � C"(�����A/1e(  +Ca,FC"(�II��!2!"��&�(acNCYjaC"(
I_0 �>� OV�'(h,FC"(-I_021 <�. ��1e(;�UC"( � � %F���'];(��kC/� C"(h}d�>��./�'(R� C"(h}$��&�����( �kCojaC"(Y}d02!2!"����(ecNC/� C"(Y)+���8!2�/1/.e(
3UC+%_C"( )+02�e( �`C i � C"(+%F��T%021/����1e( �kC rIC"(%j'1 � O_(9� C"(%jG����#%A ��1e(�%_C �UC"( rh��02BUTG&�( �kC�, C"(9,9����Bb( 3UC imDUC"(
��1/. �S���8A/021 ��T%�e(e�UC*| �>�����?��C-��!"��1 <$�80"�8�9����XZ�80"��19��[V�8A �:!"� O*���U�'XZ����1OXZ���/���@ne�8���8�/!"�8�^��['�^c �
� ��<d~���H:. ��02!2!2021 <U�>�F�8A �`jG��� �8ABO*�����;St1/./02��1 %502. <���CMX��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~��>�bn �'~ p �'~>C

c^02X �a(?3UC2� C  +C"(?)+�>�8!2��1/.e(2� C?3UC"(G}d02!2!"����(�cNC2� C"(?�+!"��(�� C � C"(  V��X�Ae(�, C"(  V02. �����e(?cNC"( 
+����(�� C'jaC"(�3+�><�<�����(
jaC"(;35���8����<���1e(-� C 
NC;3UC"(;3+0"�8�8Ae( 
NC"(;35��!2Bb( �kCe}RC"(*St!2. ��[l��1/����(  +C"( SM�8� �8��021 � ( 
NC � C"( ����A/1e(  +C;,FC"(
II��!2!"��&�(YcNCojaC"(-I_02!2� OV�'(Y,FC"(/I_021 <�. ��1e(e�UC"( � � %F���'];(��kCR� C"(h}d�>��./�'(�� C"(h}$��&�����( �kCojaC"(Y)+���8!2�/1/.e(
3UC+%_C"( )+02�e(��`C"(+%F��T%021/����1e( �kC rIC"(/j'1 � O_(?� C',FC"(/jG����#%A ��1e(�%_C �UC"( rh��02BUTG&�( �kC�, C"(�,9����Bb( 3UC imDUC"(
�S���8A/021 ��T%�e(/�UC"(a}d�>��021e('� C/�UC"(%��1/.wj'XZ�8��<�<���(�� C%}RCo|t~���������C B AD��")�&��5���$2��� �<;@���9�G.�")���$ �4A)����� ��$2�
B AD����AD�Q>S���$?�����*��-A��0%9��A+��� (a����!2�/B@�:~���HGC � ��!2!"��<��NjG�8�>�80"��1e(%r�� | �^XZ����1dc+��02!2!2021 < �S�8��<�����B-��C

c+���	����(;}RC!� Ch|t~���� ����C �!2�><�0"�'X�!2�����ZimB@��!"�	��EG�/02!20"T/��02�'CV������"+����QO	WYU���)QO��"+����QO	�]W"��#>(
���bn � ��� p ��H��GC
c^�/./�'(o�UCJ��1/.zj'X�A/B:021/X ����(o3UCJDUCF|t~�� � ����C �k��!"&GT%�>��02X�./0,�;���8��1?�802�>�80"��1O��[+��! �>��!20ST%���8��!"�802X-B:��A/B:���-n

���'02. ��1/XZ���^[l�8��B�<��8����1'imXZ���8��X�!2021 ��#G&G�8��]'��1 ���:|\,0"[l��! y % 
_��C�YU��$'��A)�#J�	 �:��$��+A)�
	 B �C��AD���
	2(k�'~Qn � ��� p�����GC
,021/���/./0L( y C"( �k� (��>��.e( �kCk�UC"( � �'X�A ��BPH��( � C i � C"( � ���/!"��1e( � C"( � ��������1 ��( � C"(k��1/. 
+�'./�>��.e(o}RC	| �>�����?��C

�k�����8��<����>#%A?&�(Y<����'X�A ��B:02�����8&w��1/.w#%A?&'�802X���!k#/�8��#;���8�80"���5��[*�bXZ��1?�8021G� ���/�+�Z]'�����/�80"���@����XZ�80"��1v[l�8��B
�8A �`j'�>����B:0eB:���8�80"[M(ajG��B:��02!a��#%A/0"��!20"����C ���AC	������&%'��(��C	  ��)�C	2( �'~�| ��� �G�In � � � p ��� �?C

,! itj'A/�#(�!"&�(;�UC-I@CS|t~���� �G��C �k�����8��!"��<�&w��[*!2� O5����1/0"���Ziu#%�/B@#;��&'!20"���ZiV��1/.9���'./02XN��B@#%A/0"T;��!"�_T;���>��021 <QB@�Zi
�8�>T%���80"�����F[l�8��B )+, �^B:��1eC"!9	-� �C�#�QO��A#%'���*" �������
	2(h~ �Qn ��� p � � C

,! itj'A/�#(�!"&�('�UC9I@Ce|t~���������C �k�����8��!"��<�&-��[ y �ZiM}$<>imX��>�8#%A ��!20"���ZiuT;���>��021 <@B@���8������./02B@��1?�8�V[l�8��B�)+, �^B:��1eC
!9	-� �C�#�QO��A#%'���*" �������
	2(h~ �Qn ���>� p ����HGC

,! itj'A/�#(�!"&�(e�UC/I@C"( � ��!"��B:��1e( %_C 
NC"(h��1/. � 0"���e(-� C 
NC*|t~����>�?��C-,X�!"��<�0"�����U��1/.vT%!2� ���8X�A/02���8�^[l�8��B )+,
�^B:��19n #;�����8��!"��<�&b��1/. �Jimr ������!2� �80"��1eC"!9	 B �C��AD���
	2( �'~:n H���� p H�H�HGC

,! itj'A/�#(�!"&�(G�UC�I@CG��1/. � ��1 #%A ���8��('}RC'�UCe|t~���������Cor,O*�`A/0"<�A:#/�8���8�8� �8�F������1?�8�	021-)+,.�^B:��1dnG���'02. ��1/XZ�
[l�8��B �����5� � ���>�5�^./�>�8021 <:��1/.b#;�����8��!"��<�02X���!e./�>�8�'C !9	 �������
	2(k~����bn � �'~ p � �'~>C

,!"�8A ��1e(GcNCY|t~�� � �G��C �!2�><�0"�'X�!2�����5T%� �W&���1/XZ&-021��'XZ����1/02X5T%���8��!"�8�+n'X�A ��B:02X���!%���;��XZ�8��C4������"+����QO	 YU���)QO� �
�C"+����QO	/]W"��#>(
� � n � ��� p ��H � C

,!"�8A ��1e(ScNC^|t~�� � ����C �k�����8��!"��<�&=��[^<��>T/T/�8��02Xb�8�'X �'�:[l�8��B �8A �w}d02.'i � ��&'B:��1 jG#/�8����./021 <9XZ��1?������C !9	
�����&%'��(��C	  ��)�C	2(a��� |  ^~W�In H�� � p H � �GC

,!"�8A ��1e(;cNCS|t~����'~W��C@,J]'#;����02B@��1?�8��!h#%A/�����`#;�����8��!"��<�&$��[*B:02.'iu�'XZ����1v��02. <��NT%���8��!"�8��C St1 y !"�W&'.e(��kCe�UC"(��./0"������( .�")���$?�*"��1��C�� ��� (%#%�><����+��� p ~�~��GC  V!2��X �'0"�U��1/.djG��1eC
,!"�8A ��1e(>cNC%|t~���������CarFA �	XZ��02���8��!2!20 (��>�80"��1U��[aB:02.'iu�'XZ����1N��02. <��*T%���8��!"�J�>�SB@�'. �����>���	��1/.`A/0"<�A?�o#/�8���8�8� �8����C

X�8�AC	�!9	-�:��$��+AD��
	2( �-n2~�� ��� p ~������?C
,!"�8A ��1e(ocNCS��1/. � ������&�( � C y CF|t~�� � ����C=rFA �-�����8&P. ��#%!"������.41/�>�8� �8�Q��[+XZ���8�8��0214#/��02B:�>�8&RB:02.'iu�'XZ����1

��02. <��IT%���8��!"�8��C@������"+����QO	WYU���)QO��"+����QO	�]W"��#>(
�?�Qn � � � p ��� � C



�����������
	����������� ��� �
,!"�8A ��1e(?cNC"( � ������&�(9� C y C"('��1/.�II��B:�>��( jaC;|t~�� � ����Co}d021 ������!%X�A ��B:02�����8&`��[Y�/!"������B:�  XFX��/BN�/!2�>�����[l�8��B

�8A �@)5���8�8A9�+B }d���8�80"[��[�8A �  V��&v��[ St�8!2��1/./�5��#%A/0"��!20"�����Une���'02. ��1/XZ�N[l���_A/0"<�Aw#/�8���8�8� �8�`XZ�8&'���8��!
[l����XZ�80"��1/�>�80"��1b��[o�'XZ����1/02X^T%���8��!"�8��C�!9	 �����&%'��(��C	  ��)�C	2( � �-n � �G~�� p � � � � C,S��1 � O*��021e(*}RCI|t~�� � ����C 3+02������0"�8�dB:�><�B:�>�802EG� �v.eK �/1 ����<�B@��1?�b. �wXZ�8�Ys� ���v�'X%H����1/02EG� �w�GH���8A?&'�80"��1/1 �Pn
�`H�����8��!"��<�0"�b. �Q!2�d�GH��EG� ��1/XZ�b#%!2� ����1/02EG� �:./�PB:���8�80"[V��#%A/0"��!20"�802EG� �:. �$j'��!2��A/0+|\1/�>#/#;�-. �$jG��B:��02!L(
�^B:��1a��CSrFA ������N.eK �/1/0"�������80"�GH��CJD+1/0"�������80"�GH� � ���/02� �o��������� ��(;jG��������T;��� �8< ( �>���`#YC

,S��1 � O*��021e(>}RC"( ���%�/B:0"� ( � C"(>��1/.@, A/0"����X�AG� ��X�Ae(>3UC |t~�� ��� ��C%rFA �*. ���>�8AN��[/��1`��XZ�8���80"��1 (���1 �V���k���'02. ��1'i
XZ��.`TG&U�8A �VB:�><�B:�>�802X	A/02�������8&_��[/�8A �5j'�/B:��02!?��#%A/0"��!20"���^| �^B:��1a��CM�!��"��#��$!�&%'��(��)�*"+� (%~ �'~^n � � � p ��� � C,S��1 � O*��021e(W}RC7��1/.=, A/0"����X�AG� ��X�Ae(73UCG|t~�� � H���C � ���h021?�����/�80"��1/�e�/!"�����>T%���802EG� ���e. �!2�	�GH��EG� ��1/XZ�VXZ���/���8��!"�. �
!LK ��#%A/0"��!20"���S.eK �^B:��1:n7�/19H��� ���1 ��B@��1?�o�GH��B@��021`. �*!LK �Z]'�8021/XZ�80"��1_.eK �/1 ��(���1 �V.eK ��X�XZ�'H���80"��1`�'X%H����1/02EG� �ox
YU	� =	-]W"&P5P	UF!" 	 B �A)�3� (%rIC �>���G(ejSH����0"��S S�| ���5n ���>� p � � �GC

y �>��A ���/./0L( 
NCY��1/.�I_�>��0"< (YcNCh,FC|t~���������Cb}d�	�G����1R��[�SM����1R��1/. �o�	�'02���8��1R���U��1R��XZ�80"�����>��X:��&'������BbC
�������
����(>( �-n H�H � p H�H � C

y 02!"T/����1/. ��( � C� +C"(*)5��!2��1e(VjaC � C"(��1/. %50"����(�UC � C+|t~����>�?��C � �>��� � �8���8��XZ�����/�Q��1/.z���>��!"&=rh����X�02�>�8&
������!2� �80"��1v��[e6���T;��!U���'K ��!2��19��1/.9��.768��XZ��1?�_�>�8������(Y)+, �^B:��1eC�St1�%F��T;���8�8����1e(e�UCe3UC y C"(kjG���>��!"��(}RC �kC"(7��1/.�%50"����(W�UC � C"(���./0"��������(��-�9�4�������
����(@�$!5��!��"��#��$?�*"+� �<;M���9�=.�QO�$� ��#���*��$/(W����!2�/B@���?�	��[
�-�9���������
�����*"&��-F!��"C�#�C��( F�%?��"C�*��2%!8'J+� �*"&����*��$/('#%�><�����H���� p �G~�� C  V!2��X �EO*��!2!Yj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

y !"������(e�UC � Ca��1/. %F��T;���8�8����1e(;�UC;3UC y CJ|t~�� � �?��C �^XZ����1w��02. <��NB@���8��!2!20"[l���8���/�5��1/.d#;��!2!2�><�02X_����./02B@��1?�8�
��[o�8A �Nj'�/B:��02!;1/�>#/#;��( �^B:��1eC"!9	 �������
	�F!��" 	R�-��$!5P��$/(k~ ���Qn ����� p � ���GC

y !"� O*����(e}RC y C � Ck|t~�� � ~W��C^rFA ����B:��!h��1/. �'021 ��B:�>�802X_XZ��1?���8��!h��1d�'XZ����1w��02. <��UB:�><�B:��[l����XZ�80"��1/�>�80"��1Rn
XZ��1?���������8�*T;���FO*����1Q�V�8!2��1?�802X5��1/. �o��X�0  X5��#/�8����./021 <_�7]'����C !9	 �������
	-F!��" 	��-��$!5P��$/(e~ � � n H���� p �G~ �GC

y ����1/X�02��(ScNC+|t~�� � ����C�}d��1?�8!"�ZiM}$��!"�-021?��������XZ�80"��1=�8��XZ����. ��.=021=��#%021 ��!V!2A ��� (���!20"�����U]'��1 ��!20"�8A/�`[l�8��B �8A �
��!20"<��>�����+!2�	���_����!2X���1/02XIXZ��B@#%!"�Z];( �� ����1e( � ��1/��./�'C�!9	 B �C��AD���
	2( � � | ���^n ��H�� p �����?C

y �768020L(7rIC'|t~�� � ����C 
+��1 ���802�k��[%B:02.'iu�'XZ����1N��02. <��T%���8��!"�8��CESt1@j'���/1/. ������(7�UC>cNC>��1/.`)5���8�8&�(�}RCP� C"(7��./0"��������(
�����QO����3�)Q ��$ ���9� .�")���$ �1��)��$9� (	1G�/BUT;����� �O021 
+����!"��<�02X���!_jG�'X�0"���m& jG#;��X�02��! �� T%!202X��>�80"��1e(
#%�><����U~ ��� p ~���HGC  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC
^�>�8��02. � ( � C/� C"(-II��!"��B@��1e(��kC  +C"(h��1/.93+0"�8�8Ae( 
NC| �>��� ~W��C
�S�>��02�>�80"��19��[VXZ�G��!2021 <Q���>����O50"�8A9. ��#/�8A9021
!"� O*���UXZ���/���^[l����B@��.9�>�_��1v�'XZ����1/02X@��#/�8����./021 <-��02. <��Qn��!2�><�0"�'X�!2�����@XZ�8&'���8��!S�80 (��@./02������0"T%� �80"��1d021
<��>T/T/�8���^[l�8��B��8A �`��B:��1v��#%A/0"��!20"����C ������"+�9�+QO	4�����&%'��(��C	4�������)(��+�#	2( � |\�5�8�802X�!"�7�_n �>����� 
 � ��� ~ ��H
� �  <�� �8����( �`�8�>T%!"�����uC �� T%!202�8A ��. �^XZ����T;���N~�HG( �>��� ~>C


^���8��(�S C 
NC^|t~�� � ����C }d�><�B:�>�802Xw#/�8�'XZ���8�����-�>�-��1/.�1 ���>�QXZ��1/�������/XZ�80"���d#%!2�>���wB:�>�8<�021/�����-. ��./�/XZ��.
[l�8��B �8A ��rh�8�G�'. ����| � &G#/���/� �+��1/.PjG��B:��02!J)+�>#/#;�w|\) �^B:��1a�+��#%A/0"��!20"������C�St1Pj'���/1/. ������(Y�UChcNC
��1/.9)5���8�8&�(h}RCR� C"(e��./0"��������(/�����QO����3�)Q ��$ ���9� .�")���$ J���)��$9� (h1G�/BUT;��� � �Q0219rFA � 
+����!"��<�02X���!
jG�'X�0"���m&djG#;��X�02��!a#%� T%!202X��>�80"��1e(G#%�><����U~ p ~ �GC! V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC
^������( �kC�, Ce|t~���H � ��CSrh����XZ�^��!"��B@��1?�*[l����XZ�80"��1/�>�80"��1Q��1/.��8A �^����0"<�021:��[Y�8A ��!"��020"�802X5��1/.-��! �>��!2021 �+B:�><�B:�
�m&G#;����C>������"+����QO	WYU���)QO��"+����QO	�]W"��#>( ���Qn2~������ p ~�� � HGC
+����!"��&�(�, C!I@Co|t~���������C �+#%A/0"��!20"���^��Te./�/XZ�80"��1d��1/.$�8A �N<�����!"��<�02XU������!2� �80"��1$��[S�8A � �^B:��1dB@���/1?�8��021/�
��1/.$��.768��XZ��1?�+�>�8������C>�������
	�F!��" 	R]1Q��+AC	���8����
	2( ��� n2~�~ � � p ~�~��'~>C
+����!"��&�(-, C-I@CS|t~�� � �?��C �+#%A/0"��!20"���U��Te./�/XZ�80"��1wB@��X�A/��1/02�8BbC St1 �o��1/��&'0"�������e(Y�UC"(e��./0"������( ./%'���*��� ���0�)�&S
B AD��")�&��5���$2���4T&$'�0�+A)$!����*��$!���./%'���*��� ���0�>F?(�QW%9���)��8�Q`(a#%�><���� ��� � p � � �GC 
+����!"��<�02X���!oj'� �8����&Q. ��#%�>�8�ti
B@��1?�F��[ � &G#/���/��C � &G#/���/��(e~����>�GC


^A ��1?��(S,FCScNCS��1/. jG���8��� ��(}RC �kCF|t~�� � ~W��C�}$���8��B@���8#%A/02�8B �>�:�8A �QT%�����b��[+�8A �wj'��B:��02!*��#%A/0"��!20"����(
jG��� �8A ������������1 �^B:��1$B@���/1?�8��021/��C"!9	 �����&%'��(��C	� ��)�C	2( � H | �G�^n ������� p �����G~>C



����� �����������
	�����������


^A/0"������� (h}RCojaCY��1/.Pj'��X �a( %_C �NC|t~���������C � A ��B:02X���!JB:���8�I������1/��[l���U0219B:�><�B:�>�802X@#/�8�'XZ���8������S �NCY�
�8���'02����.���1/.�021?������1/��!2!"&`XZ��1/�802������1?��8A ����B@�'. &'1/��B:02X��SB@�'. ��!/[l���*�8A �+021?�����8#;��!2�>�80"��1:��1/.:�Z]'�����>#;�>i
!2�>�80"��1U��[/!202EG�/02.'im����!202.+��EG�/02!20"T/��02�V021UB:�><�B:�>�802X*��&'������B:�o�>�k��!"���>�>����.N����B@#;�����>�8� �8���k��1/.U#/�8���8�8� �8����C
YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2(h~�~��bn2~���� p �'~ �GC
^02!2!202��(�I@C/}RC"(%}$������!L( � C"( �+!2!2��1e(�� C y C"(/�5����0L(/jaC"(+ *���/./0"����( y C"( � ��!"����0"����(� +C"( c^02X �a(/3UC?� C+ +C"( y ��!2!"�G��1e(rIC/� C"( y ��� ��A'i 
+�8����1e( 
NC"(JSM�8� �8��021 � ( 
NCR� C"(-II��!2!"��&�(YcNCojaC"(-II��!2��� (��kC"(-II��1/1 ��. &�( � CY�UC"(/I_0 �>� OV�'(,FC"( � ��X�� &�����( � C }RC"(/}d��X � ���'.e( � C9� C"(/}d��!"#%����(9� C"(/}d��1/1/021 < ( � C',FC"(/}dX�c+��1/��!2.e( }RC �UC"(/}d02!2!"����(
cNC9� C"(G)+�>�8!2��1/.e(�� C"( �o�>��02��� (9� CG,FC"( �k��. ��������1e(�%_C i  +C"( �S��02X�A/�>��.e(?3UC'}RC"( ��/X�A ��!"��(G3UC"(�%502X�A?������( � C"(
}d�>��021/��(!� Ca�UC"(a��1/.w}dX � �/02���80"��1e(%)UC!I@Co|t~���������C B AD��")�&��5���$2���O�<;>���9�6.�")���$ �4A)����� ��$2� B AD����AD�Q>S
��$?�����*��-A��0%9��A+��� (a����!2�/B@�:~�� �?C � ��!2!"��<��`jG�8�>�80"��1e(/r�� | �^XZ����1dc+��02!2!2021 < �S�8��<�����B-��C


^0"���>��. �����e(U� CJ��1/. y ����1/X�A ���������e(M� CF|t~���������C �!2�><�0"�'X�!2�����Zi O*��A ��!20"�����`��1/.P#;����02. ���80"�����U��14�8A �$,�����ti
�o��X�0  X %502���^|\35���8�Jc+����#;�h��1/.N�8A �	}d02.'im�V�8!2��1?�802X�%502. <��I|\c_j'c �Pj'0"��� ��� �G�n>���'02. ��1/XZ�*[l���JB:�><�B:�
#;����XZ��!2�>�80"��1$021Q�8A �I�'XZ����1/02X_� #/#;���	B:��1?�8!"��C�X��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~�~ �Qn2~ ��� p ~��?�GC
^!"��1/1/0"��(�I@C , C'|t~���� ����C � �>��� � �8���8��XZ�����/�k1/�>#/#;���Y021 �^B:��1UB@���/1?�8��021/�Y��1/._�8A ��0"�h<�����!"��<�02XS������!2� �80"��1:n
�8��#%!"&aC ]1Q��+AC	/]V�&�C��" 	 B �C��AD���
	��������
	���8����
	2( ���Qn2~�H ��� C


^!"��1/1/0"��(�I@C�, C"(� *�G��� [M(S}RC 
NCS�UC"(S3+� <�� ���ti � !2�>� �a(J}RCU, C"(}$�G�'. &?itjG�8�/�>�8��(S}RC"( �02!2���>��(J}RC"(S��1/.
%F��021/A/�>��. ��(  +C }RC;|t~���� �G��C=�������
����(G�<;V���9� .�QO�$\QO��8�$'�#���$9� ('����!2�/B@��'~>C��J����AeC2I@CG)5��.eC 
+����!LC
}d0 681?T;��� �'.eC 
+��1 �G����C � ���@#/#YC


^!"��1/1/0"��( I@C�, C"(# *�G��� [M(�}RC�
NC>�UC"(>3+� <�� ���ti � !2�>� �a(>}RC�, C"(�}$�G�'. &?itjG�8�/�>�8��(�}RC"( �02!2���>��( , C y C>3UC"(>��1/.
%F��021/A/�>��. ��(  +Ck}RC*|t~���� ����C � �>���-XZ�8���8��XZ�����/�N1/�>#/#;���I021 �^B:��1RB@���/1?�8��021/�I��1/.9�8A ��0"�I<�����!"��<�02X
������!2� �80"��1eCM]1Q��+AC	-]V�&�C��" 	 B �C��AD���
	W�������
	���8����
	2( ���-n � p ���?C
^1 ����(h,FCh��1/. �k���8��021e(Y}RCV|t~�����H���C �o��!"����B:�><�1 ���802X����8�/./0"���I��1R!2���>���_[l�8��B }d���80"����A St�8!2��1/.e( �^B:��1eC
�!��"��#��$!�&%'��(��)�*"+� (������bn ��� p H � C
^1 ����(k,FCk��1/. �k����������(krICV|t~���������C I^im�5�`�><����N��[V�8A �-B@���8��B@���8#%A/02X:����!"����[V�8A �bjG��B:��02!J��#%A/0"��!20"���bn
02B@#%!202X��>�80"��1/�*[l���F��#%A/0"��!20"���IXZ�G��!2021 <@A/02�������8&aC@YU��$'��A)�#J�	/�:��$��+AD��
	 B �C��AD���
	2(k~�~ �Qn ����� p �����GC
^1 ����(�,FC"(�,�&'. ����( %_C"(���1/. %F���8A ���8&�(�cNC��UC%|t~����'~W��C � ��B@#%�>��02����1NT;���FO*����1:B:�>#/#%021 <^�>�F~+n ���>�����U�8X���!"�
��1/.N. ��XZ���8�8��!2�>�80"��1`�����8���8X�A ��. � ��1/./�8��.NrFA ��B:�>�802XV}d�>#/#;���o02B:�><����k021U�8A �M,R�/E?T%��AUT%!"�'X �-| �^B:��1
B@���/1?�8��021/� ��C(St1 �k����������(%rIC"(/)+02XZ��!2����( �UC"(%��1/. � ��!"��B:��1e(+%_C 
NC"( ��./0"��������( ./%'���*��� ���0�V�2�+$��)�)�3�4�$!5
�+7���� 89���*��$ �<;G���9�E��")���$?�*"E� ���������#%'�9�+A��Z(o����!2�/B@� �b��[ B �C��AD���
����(��$!5:F'��A)8?"���8�AD��=�������
����(>(o#%�><����
� � � p ��� �GC I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C


+�'./�>��.e( }RC"('�����/�8����!2021e(GcNC"(/��1/.  *�'./021/0"����(�� C i � CY| �>�����?��C %F��!2�>�80"��1/�8A/0"#%�ST;���FO*����1b<����'X�A ��B:02�����8&-��1/.
�������/XZ�8� �8�dT;��1 ���>�8A �O#%��!"���>im��#/�8����./021 <OXZ��1?���8�9�P���8�/. &=��[I�8A �vB:��1?�8!"�v����XZ�80"��1 021z�8A � �^B:��1
��#%A/0"��!20"����C X��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~ � �$n2~ ��� p ~�� � C
+�#�5H��(+ +C"('}d02X�A/�>��.e(?�UC"(2I_0"��1/������(2� C %_C"(G��1/. � �ZiM}$����(
�NCa|t~�� ��� ��Ch� X������5��[e��Te./�/XZ�80"��1'iu�8��!2�>����.:A/0"<�A'i
#/�8���8�8� �8��(	!"� O	iu����B@#;�����>�8� �8�9B@���8��B@���8#%A/02�8B�021 � #/#;���bXZ���/���8��!^1/�>#/#;����(	�5���>T%02��1 XZ��1?�8021 ��1?�8��!
B:�>�8<�021e( �^B:��1vn �Jimr #%�>�8A$��1/. �'021 ��B:�>�802XI021?�����8#/�8���8�>�80"��1eC>�!��"��#��$!�&%'��(��)�*"+� (o~ �'~@n ��H�� p � � HGC
+����A/��Bb( 
NCJ}RCV|t~�� � �?��Cw,S����!2� �80"��1R��[F�d#%���8�80"����B:�>�8<�021O��1/.O1/�>#/#;�:��B@#%!2��XZ��B@��1?�N021R�8A � �^B:��1
B@���/1?�8��021/��C*St1 �o��1/��&'0"�������e(G�UC"(?��./0"������(/./%'���*��� ���0�)�&S B AD��")�&��5���$2���WT&$'�0�+A)$!����*��$!�� ./%'���*��� ���0�1F?(�Q �
%9���)��8�Q`(%#%�><����)�/~�� p � ���GC 
+����!"��<�02X���!oj'� �8����&Q. ��#%�>�8�8B@��1?�	��[ � &G#/���/��C � &G#/���/��(e~����>�GC


+����&�(�cNC %_C7��1/. 
+�8��<����8&�( %_C>rIC'| �>�����?��C@StB@#%!202X��>�80"��1/�e��[/�8A �V�������/XZ�8� �8���[/�8A �M,R��./0'rk��&'021NB@���8��B@����i
#%A/02X+����!"��('�8A � SMT/���7imc^���80"�VT%!"�'X ����[h�8A �Nj'��B:��02!a��#%A/0"��!20"����(G��1/.Q�8A �Nj'��02A-3+�>�8�>�;O5021/. � O [l���F!2�>���
���8�><��U�Z]'����1/�80"��1/��!e��#%A/0"��!20"���+��B@#%!2��XZ��B@��1?��( �^B:��1eCM���AC	 �����&%'��(��C	  ��)�C	2( �'~�| ��� �G�In �'~�~ p �����?C



�����������
	����������� �����

+�8����1e(hcNCh3UC"(Y3+0"T/T;��������1e(�, C��NC"(Y��1/. ����EG� ����(Y�UC � C|t~����>����C �k�����8��<���1 ���802�U��[	}d02.'i �^XZ����1 %502. <��

 V���8��!"�8��C St1=}dX�,!2A/021/1?&�(o}RCU, C"(o��./0"������(@�-�9��X��A+��� ��T)���\��A)�
����$��)S1�+��A)8?"���8�A�� �$!5 �+7���� 89���*��$/(
#%�><���� ��H�� p �����GCe�+X���. ��B:02X �S�8���8��( � ��1/. ��1e( 021/X>C


+�8��<����8&�( %_C;rICJ|t~�� � �G��C`}$��!"�+#;����XZ��!2�>�80"��1wT;��1 ���>�8Aw�Q��#/�8����./021 <���02. <���n;���'02. ��1/XZ�N[l�8��B �8A ��jG��B:��02!
#;����02. ���80"����( �^B:��1eC St1 
^���8��(JS C 
NC"( � 0"#/#%�>��.e(YjaC/� C"(h��1/.Pj'A ��!"����1e(Y�UC-, C"(Y��./0"��������(�./%'���*��� ���0�)�
�$!5�.�")���$?�*">�����������#%'�9�+A��Z(Y1G�/BUT;���N~ ��021wrFA � 
+����!"��<�02X���!SjG�'X�0"���m&vjG#;��X�02��!Y#%� T%!202X��>�80"��1e( #%�><������� p H��GC! V!2��X �EO*��!2!Y�8X�0"��1?�80  X^#%� T%!202X��>�80"��1/��C
+�8��<����8&�( %_CYrICY��1/.9rk��&'!"����(h3UC��kC*|t~�� � ~W��C-�+1v��]'&G<���1P02��������#;�`#/�8�  !"�@0219�b����XZ�80"��19��[	XZ�8���8��XZ�����/�
�'XZ����1/02X`XZ���/����(hj'��B:��02!h��#%A/0"��!20"����( �^B:��1Pn;���'02. ��1/XZ�N[l�����

J�� �-T%���;����021 <���[S�8A �`�'XZ����1/�^TG&w. ����#
|�� � ���w������� OV�>������imA?&'. �8���8A ����B:��!_X�0"��X��/!2�>�80"��1 �>�$B:02.'iu�'XZ����1���02. <����wC !9	G�����&%'��(��C	� ��)�C	2(
� H | �G�^n ��� ��� p ��� ���GC
+��021/./!2��&�(*)UC %_C"(	}d��./����1e(�� C*�UC"( %F��B:B@���>���']Gi �������8021e( � C"(V��1/. j'X�!2�>������( � CI|t~�����H���C � ./0,�;���8��1?�
#%�>��������1Q��[Y��02. <��^����<�B@��1?�8�>�80"��1b��1/.QB:��1?�8!"�+T;��� <����	��1 ��B:��!20"���V��!"��1 <N�8A �I�/!"�����7im�8!"� O ��#/�8����./021 <
jG��� �8ABO*�����;St1/./02��1 %502. <���|t~ � � �>�'K , ��� ��� ��,V��CMX��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~�H'~:n � � � p �����GC
+�8�W����(5rIC � C	��1/.  V�	������(5}RC) +CU|t~�� � �G��C �A/�����v��EG�/02!20"T/��02�/B XZ��1?���8��!2�b��1 �8A �v�8A ��!"��020"�802Xd�������8�/�
X���!2X im��! �>��!2021 �_./0,�;���8��1?�802�>�80"��1Q���8��1/./��C"!9	 �����&%'��(��C	� ��)�C	2( � � |  ���In ������� p ����� � C
+�8�W����(?rIC � C���1/.� *�8&���1e(�, C  +C/|t~�� � ����C y ����XZ�80"��1/�>�80"��1`��[%#G&G�8��]'��1 �Ziu#%A?&G��02XV}$�&%' P�>�S!"� O4#/�8���8�8� �8�5n
�+1b�Z]'#;����02B@��1?�8��!e���8�/. &aC@YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2( � �$n ����� p �>���GC
+�8�W����(orIC � C"( 
+����!2��X�Ae(hcNC � C"(kj'��1/. � (hrIC , C"(k��1/.  V�	������(o}RC  +CV|t~�� � ����C��+��0"<�021v��[	X���!2X im��!2X���!2021 �
������0"���^!2���>���I�>�_}$��./02X�021 � � �	���@����!2X���1 �QTG&d[l����XZ�80"��1/�>�80"��1e(;���8�802B:02!2�>�80"��1d��1/.vB:0 ] 021 < C\YU��$'��A)�#J�	
�:��$��+A)�
	 B �C��AD���
	2( � �bn2~�H>� p ~ � �GC
+�8�W����(orIC � C"( 
+����!2��X�Ae(hcNC � C"(kj'��1/. � (hrIC , C"(k��1/.  V�	������(o}RC  +CV|t~�� � ����C��+��0"<�021v��[	X���!2X im��!2X���!2021 �
������0"���o!2���>���J�>�}$��./02X�021 � � �	���	����!2X���1 �ITG&_[l����XZ�80"��1/�>�80"��1e(����8�802B:02!2�>�80"��1U��1/.`B:0 ] 021 <Un�XZ���8�8��XZ�80"��1/�
��1/.$X�!2�>��0  X��>�80"��1/��C4YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2( � �Qn ��� � p ��� � C
+�8�W����(/rIC � C'��1/.6���/��������(GrIC � Ce|t~�� � ����CJ,J]'#;����02B@��1?�8��!%021?�������80"<��>�80"��1/�*��[h!"� O	i � �U#G&G�8��]'��1 �I���8�>T%02!20"�m&
��1/.Q��!20"�'021 �FiJ#G&G�8��]'��1 �^iS!202EG�/02.:��EG�/02!20"T/��02�I�>�_~ im�>�8B 021Q1/�>�8� ����!aT%���8��!"�802X+��1/.b��1/. ���80"�802X+!202EG�/02./��C
YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2(h~����bn � � � p �>���GC
+�8�W����('rIC � C"(�I_021+(�!"����( %_C2� C"(G��1/.� *�8&���1e(�, C  +C;|t~���������C y ����XZ�80"��1/�>�80"��1:��[h}d02.'i �^XZ����1�%502. <��' V���8��!"�
|L}$�&%' F��CSt1b}$���8<���1e(!� C �kC"(
 V!2��X �'B:��1e(/cNC?I@C"( ��1/.dj'02B@��1e(9� C/}RC"( ��./0"��������('���$'��� ��� �
��L �$!5
� �+� �W���+$��+AD����*��$���R�:�*5 �+.�")���$  ��*5��2�)� ('����!2�/B@� 
+����#%A?&'�802X���!eB@��1 ��<����>#%A��G~>( #%�><���� � � ~ p �'~��'C�+B@����02X���1 
+����#%A?&'�802X���!YD+1/0"��1eC

3+��X ������(+ +C�%_Ca|t~���� �G��C %5�>#%02.@��B@#%!2��XZ��B@��1?���[e�_&����/1 <U�'XZ����1/02X5!20"�8A ����#%A ���8�^nG�5�8<���1:<����'X�A �8��1 ��!"��<�&
��[o�8A � �^B:��1b��#%A/0"��!20"����C�F!"C�#�+$!")�Z( ��H��bn2~ ��H�� p ~ ��H��GC

3+��X ������(� +C�%_Co��1/. 
^1 ����(o,FC	|t~���������CRrFA �-XZ��1G�/1/. ���/B ��[F�8��B:��02!5nk�Z]'#%!2��021/021 <b�8A �QB@���8��B@���8#%A/02X
A/02�������8&aC>�!��"��#��$!�&%'��(��)�*"+� (����>�Qn �'~ � p ����HGC

3+��1/1/�'(JjaCJjaCV|t~����>�?��CvrFA ����!"#%021 �:. ��[l����B:�>�80"��1O��[	�8A �-XZ��1?������!)�^B:��1OB@���/1?�8��021/��C St1 %F��T;���8�8����1e(
�UC;3UC y C"(YjG���>��!"��(;}RC �kC"(;��1/. %50"����(a�UC � C"(a��./0"��������( �-�9�E�������
����( �$!5 �!��"��#��$?�*"+� �<;>���9�E.�QO�$
 ��#���*��$/(a����!2�/B@� �?�:��[>�-�9�\�������
�����*"&���F!��"C�#�C��(6F�%?��"C�*��'%!8'J+� �*"&����*��$/(a#%�><���� � �/~ p ��H>�'C  V!2��X �EO*��!2!j'X�0"��1?�80  X �� T%!202X��>�80"��1eC

3+��&'B@��1e( %_C�}RC"(PII��� �'0L( %_C��UC"(���1/.@�5T/����B:��(�}RC�� C/|t~�� � ����C;35&'. �8���8A ����B:��!'./02�8X�A/�>�8<�� (���1 ���JT;��1 ���>�8A
B:���8�80"���_�8�/!  . �I. ��#;���80"�8�	B:�>#/#;��.b021Q�8A � �^B:��1b��#%A/0"��!20"����C4�������
����(>(o~��-n ���'~ p �����GC



����� �����������
	�����������

3+��&'B@��1e(�%_CV}RC"(MII��� �'0L(�%_C*�UC"(*��1/.�j'021/X�!2��0"��( � C+|t~�� � �G��C y ���8�802!2�:��[IA?&'. �8���8A ����B:��!	����1?� O*����B:�
./02�8XZ�W�����8��.4021OXZ�8���8��XZ�����/�@�8�/!  . �@���8���N��[	�8A �$j'��B:��02!S��#%A/0"��!20"����( �^B:��1eC�F!"C�#�+$!")�Z( �����On2~���� � p~������GC

35� �'021/02��1e( %_C"(F35��T;���8��()%_C"(5}d��� �8&�()%_C � C"(	��1/.  *���8<�����(5,FC	rICU|t~�� � ����C �+�8�8A ��#G&G�8��]'��1 �ZiuT;���>��021 <
<��>T/T/�8��02XV]'��1 ��!20"�8A/�S021@T%���8��!"�8�S[l�8��B �8A �5,����� �o��X�0  X)%502���5�7] 02�1 ���>�+~ � � �>�'KG)UC���8����
	!�:��$��+AD��
	2(
~�� � n H��'~ p H�� � C

35��!2!"��T/����1/.e(;,FC"(kj'1 � O_(-� Ce,FC"(Yc^02X �a(Y3UC/� C  +C"(Y��1/.935��[\B:��1/1e(e�UC , C| �>��� ~W��C � ��� #%!"��.vB:�W6����_��1/.
������XZ�F��!"��B@��1?�8����S021/./02X��>�������k��[a�8A �F�Z]'����1?�S��[;B@��!"�8021 <I021@B:02.'iu�'XZ����1'iu��02. <��V#;����02. ���80"������C!Z@���8�A��Z(
�/~��$n H���� p H � ~>C

35���8��( �kC � Ch|t~�� � ����C .�A)�
����$9�@�<;4�
��$�����82�4AD��"�� � C*�7i H�� �>i H � � � ~ i HGCh3+�>�8�>�>��.$D+1/0"�������80"�m& �S�8���8��C
35���8��( �kC � C5|t~���������C �A/�����$,EG�/02!20"T/��02� � ��1/��������021?�8�`��14�8A � �+��0"<�021 �+[ �^XZ����1 y !"�G���� V���8��!"�8��C St1}$���8<���1e(-� C �kC"(  V!2��X �'B:��1e(ecNC�I@C"(;��1/.Rj'02B@��1e(!� Ce}RC"(;��./0"��������(-���$'��� ��� �
��L �$!5G� �+� �4���+$����

AD����*��$ ��M�:�*5 �+.�")���$  ��*5��2�)� (;����!2�/B@� 
+����#%A?&'�802X���!oB@��1 ��<����>#%A �G~>(;#%�><����4H�� p ~�� �GCk�+B@����02X���1
+����#%A?&'�802X���!YD+1/0"��1eC
35��#%����1e( � CV�UC"( � ��!"��B:��1e( %_C 
NC"( 
+�8��<����8&�( %_C	rIC"( �o��!2!202��������(�� CFjaC"(V��1/.  V��02!2!"��&�(V,FCV3UC_|t~�� � ~W��C
+����!"��<�02XI����XZ�80"��1Q�8A �8��� <�A-�8A �Nj'��B:��02! �+#%A/0"��!20"���+��1/.Q���8���'X�02�>����.b�8�'X �'�	��!"��1 <`�8A �_}d�/�8X��>�ti SMT/���

������1/����XZ��(a����� �8A ������������1 �^B:��1d}$���/1?�8��021eC"!9	 �����&%'��(��C	  ��)�C	2( � H | �G�^n ��� ����� p ��� � � C
35��#%����1e( � Ce�UCe��1/. �o��!2!202��������( � CYjaCS|t~�� � �?��C:j'��B:��02!h��#%A/0"��!20"���NB:�><�B:�bX�A/��BUT;����( S Ce,S�'02. ��1/XZ�N[l�8��B

<��>T/T/�8��#%A/�����_�>�>��02�>�80"��1e(%021?������1/��!h�������/XZ�8� �8�U��1/.d!2��&�����021 < C,St1��o��1/��&'0"�������e(;�UC"(a��./0"������( ./%'���*� �
� ���0�)�&S B AD��")�&��5���$2��� T&$'�0�+A)$!����*��$!��O./%'���*��� ���0�NF?(�QW%9���)��8�Q`(	#%�><���� ��� � p ���#� C 
+����!"��<�02X���!Uj'� �8����&. ��#%�>�8�8B@��1?�F��[ � &G#/���/��C � &G#/���/��(e~����>�GC

35���/�8Ae(krIC� +Co��1/. � �/A ��(R� C y C	|t~����'~W��C �!2�><�0"�'X�!2�����ZimB@��!"�U��EG�/02!20"T/��02�Q021OA?&'. �8���/�N��&'������B:��CN]1Q��+AC	
�:��$!	2( ��HQn � ��� p �?���GC

3+�/./����1e( %_C 
NCYjaCo|t~���H>�?��C^rFA �_#;����B:02��1$��1/.drh��02���5��[J�8A � �^B:��1��k��1/021/�8�/!2�'(%�5���>T%02�'CO�������
	U�����	2(
� � � S S�| �G�+n ����� p �>� � C

3+�/./����1e(
%_C 
NCejaC"(  *�8� O51 ��( %_C �NC"(a��1/. � A/�>������1e(;}RCk|t~���� ���?��CFrFA �U�������/XZ�8� �8�_��1/.d�������>�80"<����>#%A?&-��[
�8A �>����T;��! � ��B:�>�5�>�8���'( �^B:��1eC B AD��" 	��������
	UF!��" 	/�-��$!5P��$/(k~ �'~ �bn � � S � p � S �NC

3+�/./����1e(�%_C 
NC*jaCJ��1/. � A/�>������1e(*}RC5|t~���������C rFA �Q#;����B:02��1P��1/.zrh��02���N��[+�8A � �^B:��1 �k��1/021/�8�/!2�'(
�5���>T%02�'C B �A)�3�&S-�:82�C	?Z@��#	/5�� [=�3�+�#����A���Z@���8�A��+��� �)S/$!���0�)�=�C�/Q���+QO����A��)������(��+$ �+.�A)�#�+$'�\(�� �`n H�� p ���GC

3+�/./����1e(�%_C 
NC%jaC"(/}dX � � <���1e('�UC"(/��1/.Q}$���8����1e(/cNC/}RCY|t~���� ��T;��CJrFA �^�������/XZ�8� �8�+��[h�8A �=����T;��!a3+�><��>T
�>�8���'(arh���/X�02��! �^B:��1eC@�������
	UF!��" 	/�-��$!5P��$���8?�A+�#	 !9	2( � �%| �G�^n ��H � p H��7�'CSt!2. ��[l��1/����(  +C"(G)+02XZ��!2����(G�UC"(?��1/.� *���/./0"����( y Ca|t~���������Ck,S�'02. ��1/XZ�	[l�8��B �8A �&�^B:��1:��#%A/0"��!20"���V[l���*�8�/./. ��1
�����8���8�FX�A/��1 <����+./� ��021 <`B@��!"�F02176���XZ�80"��1b�>�F�'XZ����1/02X_��#/�8����./021 <@XZ��1?���8����C�Z@���8�A��Z(/#%�><����1H�� � p H�� �GCSt!2. ��[l��1/����(� +C ��1/.Q)+02XZ��!2����(/jaC� +C �UCY|t~���������CS�{. ���8��02!"��.-���8�/. &:��[hB:��1?�8!"� �/� O � OV��&-[l�8��B�./02�>#%0"���021
�8A ���^B:��1$��#%A/0"��!20"����CRSt1 �^02�8��������( %_C � Ca}RCa��1/.$)+02XZ��!2����(%�UC"(%��./0"��������(����$'��� � �$!5G�
��LM�+A "CA)82�+�
���)%9������56��$N��")���$?�*" A)�*5��2�)�>�$!5E�&%'���*��� ���0�)� (%#%�><����U~�H�� p ~����?CStB:B@��1/A/���/������(a�UCJ|t~�����H���C � �8���8��XZ�����/�I����./02B@��1?�8�5��1w�8A �@}d���80"����Ad��#%A/0"��!20"���-|uj'�/!"�8��1/�>���N��[ �^B:��1a�
i*,S�'02. ��1/XZ�^[l���5��1d�/1G�/�8�/��!aT%�>�8A?&'B@������02XIA/02�������8&aC"!9	 �������
	UF!��" 	/�-��$!5P��$/(k~ ���bn ����� p ���'~>CSM�8�'021 ��( rIC/)UCk|t~�� � ����CVrh����B:021 ��!"��<�&-[l��� � ��&����8��.PSt1?�����/�80"��1/��C�!9	 B �C��AD���
	2( ��� | ���^n2~ ��� p ~�H��GCSm]'����(�%_C*�UC"(V�+!2�>T%����������(*rIC"(*��1/. �k���>��XZ��(�� C*�UC^|t~�� � �G��C �+�8�d#;�����8��<����>#%A?&z��1/.z<����'X�A ��B:02�����8&=��[
B:���8�80"���Zim�8�/!  . �d. ��#;���80"�8� O50"�8A/021z�8A �9j'��B:��02!5��#%A/0"��!20"����( �^B:��1eC �9AD�$9�C	VT&$9�+�#	1�:��$!	W� �C�#����
	2(
��� |ujG��XZ��C! F�+n2~�~�� p ~ � � C



�����������
	����������� �����
����XZ��TY(�I@C>3UC7��1/. � �/0"���8B@��&�����(#%_C � C |t~����>����C/rFA �V}d�	�G����1N�8��<�0"��1N�>� �o�	�'02���8��1N��1/. SM����1�n>rh�8��1/X�A'im�>��X

��&'������B O50"�8A_��XZ�80"���*#%!2�>���*�8� Te./�/XZ�80"��1eC St1 y �>����Ae(>�UC7��1/.Uc+�Zi ����1 < (�I@C7�UC"(W��./0"��������(�������5�(�$!�Q �*"+�
�<; B  ���3�+�#�$/( 
+����!"��<�02X���!oj'� �8����&-��[ �o�	�'02���8��1e( #%�><���� �>��� p �'~��?C � � �_3+�'C

�����/�8����!2021e(7cNC���1/.@)+02XZ��!2����(>�UC%| �>�������?��C �^XZ����1/02X*��02. <��*�#�aim�7] 02�J. ����#:�������/XZ�8� �8�V021N�8A �F}d��1/�8��A`�8��<�0"��1
|uj'�/B:��02!;B:���8�80"[M( �^B:��1b��#%A/0"��!20"���7��C ���AC	������&%'��(��C	� ��)�C	2( �'~�| ��� �G�_n � � � p �����?C

�����/�8����!2021e(�cNC'��1/.-)+02XZ��!2����(G�UC;| �>�����>T;��CorFA �+}$��A �N������1/�80"�80"��1�(���1 �^021:�8A � �^B:��1���#%A/0"��!20"���Ziu�8��!2�>�80"��1
O50"�8A O*��A ��!20"�����h021I�8A �*XZ���/���h��1/.N./�/1/0"�����Y021I�8A �*B:��1?�8!"��C����AC	R�����&%'��(��C	  ��)�C	2( �'~�| ��� �G�n ����� p � �/~>C

�����/�8����!2021e(?cNC"(/)+02XZ��!2����('�UC"( ��1/.  *���/./0"����( y CY|t~���� � ��CSc+���8��02!"��.QB:�>#/#%021 <U��[h�`B:��1?�8!"�I./02�>#%0"�T;��!"� O �
#%��!"���>im��#/�8����./021 <@XZ��1?�����^021Q�8A � �^B:��1b��#%A/0"��!20"����C�!9	 �����&%'��(��C	  ��)�C	2(h~����bn2~ � ~ ��� p ~ � ~��7�'C

��� �������e(;rIC"(  *��� �8��0"����(;}RC"(ec^��A/!L(!%_C"(e��1/.w)5��A/!20"< ( �kCS|t~�� ��� �?��C@jG��<�B@��1?�8�>�80"��19�>�I��[l���8�802!k��#/�8����./021 <
�7] 02�:nh�8A �:#%!2� ����1/02X@����EG� ��1/XZ�:��[	�8A � OV��./0S3+��&'B:02!20"&���AO�>�8���P|\3+��&'!2��&'1OT%!"�'X �a(oj'�/B:��02!J1/�>#/#;��(
�^B:��1a��C>�!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n2~�H�� p ~����?C

��� �������e(/rIC"(/,S��1 � O*��021e(/}RC"(?, A/0"����X�AG� ��X�Ae(@S C
%_C/3UC"(%��1/.bc^��A/!L(
%_Ch|t~�� ��� T;��C*c^�/��!20"�m&-��[oB:�><�B:�>�802�8B
021Q�8A �_#%!2� ����1/02X+����EG� ��1/XZ�_��[o�8A �NjG��B:��02!e)+�>#/#;��( �^B:��1eC>�!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n2~�� � p ~ ��HGC

��� �������e(WrIC"(>}d��1/��X>K Ae(�
NC"(>}$���8�����e( �NC"( � H��X�� &�����( � C"(7��1/.�%5��BUT;� (�( � C'| �>�����?��C'rFA �A/0"<�AI����B@#;�����>�8� �8�
�8����XZ�80"��1 (���1 �+��[e�8A � �^B:��1���#%A/0"��!20"���In'1 � O  ��!2.�./�>�8�'('B:02XZ�8���8A ����B@��B@�����8&@��[ �%�/02.@021/X�!2�/�80"��1/��(
�RS �^, ��1/��!"&'�����F��1/.b��]'&G<���1w02��������#%02X+���>�80"����C����AC	������&%'��(��C	� ��)�C	2( �'~�| ��� �G�_n ���'~ p � � �GC

��� �������e(*rIC"(V)5��A/!20"< ( �kC"( � ��X�A/0 (���(F}RC"(V��1/. � ������1/.e(�� C i �kCI|t~�� � ����C c$H��XZ��� �����8���R. �wXZ��1/XZ��1?�����>�80"��1
. �:�8�/!"[\� �8���+.eK ����0"<�021 �`B:�><�B:�>�802EG� �:./��1/�I�/19XZ��B@#%!"�Z]'�`��#%A/0"��!20"�802EG� ��C � �bX�A/��BUT/�8�@<��>T/T/�8� Q �2EG� �
[l���8�802!"�_.eK 3+��&'B:02!20"&���A$./��1/�5!2�:1/�>#/#;�_. �@jG��B:��02!|uj'�/!"�8��1/�>�5.eK �^B:��1a��C YU	� =	R]W"&P5P	 F!"C�*	 B �A)�3� (�>���bn2~���� � p ~�� � �'C

��� �������e(krICh��1/.�, A/0"����X�AG� ��X�Ae(k3UCV|t~�� � ����C � �d�GH��EG� ��1/XZ�-#%!2� ����1/02EG� �@. ��!2�$1/�>#/#;�:��#%A/0"��!"���802EG� �:. �
jG��B:��02!;��1 �^B:��19n%./�/��!20"�GH�_./�bB:�><�B:�>�802�8B@�_���5����<�B@��1?�8�>�80"��1w�7] 02��!"��C ��8����
	�F!��" 	-� ������
	���AD�$!")�Z(
� | ���^n2~ � � p �>�#� C

I_�>�8#;�#�o(*�UC iM}RC	��1/. ,R��!"������(	�UC �NCI|t~�� ��� ��C }$���8��!2!20"[l���8���/�-����./02B@��1?�8� O50"�8A/021z!2���>�P����EG� ��1/XZ���-��[
�8A �bj'�/B:��02!J��#%A/0"��!20"���w| �^B:��1a�`noB:021 ������!"��<�02X���!S��1/.O<����'X�A ��B:02X���!VX��>����XZ������0 (��>�80"��1e(k����0"<�021O��1/.
������!2� �80"��1eC>�!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n ����� p � � �GC

I_� OV��A/�>�8�'(?3UC"(�)5��A/�>���'(�}RC"( St�8A/0 (�� �>�'(73UC"(�3+������T;��(?jaC"(���1/. � A/0"T%�'(73UC | �>��� ~W��CejG�J02��������#;�*<����'X�A ��B:02�ti
���8&_��1/.NA?&'. �8���8A ����B:��!?��!"�������>�80"��1U��[ �8A �)�^B:��1_��#%A/0"��!20"����C !9	R�����&%'��(��C	  ��)�C	2('~��PH_n2~�~�� � � p ~�~������GC

II��!"��B@��1e(��kC  +CY��1/.9�+A/�>�8��1 �W�a(Y,FCS|t~���� � ��C �k����0"�'./02XN[l����B:�>�80"��1v��[*B:�><�B:�Q[l����XZ�8� �8���_��1/.w<���1 �����7i
�80"��1R��[F!2��&����8��.P<��>T/T/�8���U021R�8A �-!"� O*���`XZ���/���_T;��1 ���>�8AR�'XZ����1/02X���#/�8����./021 <$��02. <�����C St1P}$���8<���1e(
� C �kC"(  V!2��X �'B:��1e(ocNCRI@C"(h��1/.4j'02B@��1e(/� Ck}RC"(h��./0"��������(����$'��� �
� �
��L �$!5\� �+� � ���+$��+AD����*��$K��
�:�*5 �+.�")���$  ��*5��2�)� ( 1G�/BUT;���+~��PH`021 
+����#%A?&'�802X���!;B@��1 ��<����>#%Ae(G#%�><���� ��H�� p � � �GCa�+B@����02X���1 
+���>i
#%A?&'�802X���!eD+1/0"��1eC

II��!"��B@��1e( �kC  +C"() *�����/1e(	}RC"(F��1/. 3+0"�8�8Ae( 
NC_| �>�����?��C jG#%�>�802��!+./02������0"T%� �80"��1=��[NB@��!"�QXZ��1/./�/0"�8�Q021
�8A �wB:��1?�8!"�$T;��1 ���>�8Az�'XZ����1/02Xd��#/�8����./021 <v��02. <����$nS��T%�����8�>�>�80"��1/�:[l�8��B �8A � St1 <���!2!2�@��1/. �^B:��1
��#%A/0"��!20"������C4������"+�9�+QO	W�����&%'��(��C	1�������)(��+�#	2(k~@n2~�������
 � ������� ~ �GC

II��!"��B@��1e( �kC� +C"(G3+0"�8�8Ae( 
NC"( j'A/02B:0 (��e(�)UC"( jG#%0"��<���!2B:��1e(?}RC"(G��1/.�c^02X �a('3UC2� C� +C;|t~������7�?��Ck� �8���'0"� Oz��[
B@��!"�+B:0"<����>�80"��1$#/�8�'XZ���8�����+021$�8A �`��./02�>T%�>�802X���!2!"&Q� #EO*��!2!2021 <:B:��1?�8!"�NT;��1 ���>�8A$�'XZ����1/02XN��#/�8����./021 <
��02. <�����C B �������
	��9AD�$9�C	� =	�F!��" 	/�-��$!5P��$:]I( �����Qn � � � p �'~ � C

II��!"��B@��1e( �kC  +C"(VII��<��'(=I@C"(^��1/. j'A/02B:0 (��e(F)UC@|t~������WT;��C	
+���'X�A ��B:02�����8& ��[:<��>T/T/�8� �802!2!2�$021 �8A �
XZ���/��� �7B:��1?�8!"�w������1/�80"�80"��1 (���1 �w��[_�8A � �^B:��1���#%A/0"��!20"���RnV02B@#%!202X��>�80"��1/�@[l���Q�8A �w����0"<�021z��[_�8A �
�'XZ����1/02X_!"� O*���5XZ���/����C�X��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(k~���HQn � � � p � ��� C



��� � �����������
	�����������

II��!"��B@��1e( �kC� +C"(%j'A/02B:0 (��e(�)UC"('��1/.bj'��!"��������( �NC9� C }RCe|t~���������Co,J]'������XZ�80"��1-��[hB:02.'iu�'XZ����1'iu��02. <��5T%���8��!"�
[l�8��B �8A �	� #EO*��!2!2021 <+B:��1?�8!"�VTG&U[l�'X��/����. �/� Oz��[aB@��!"�J021N./�/1/0"���VX�A/��1/1 ��!2��C!Z@���8�A��Z(���� �`n � � � p � ���GC

II��!"��B@��1e( �kC?� CY|t~����>�?��C�%F����XZ�80"��1QT;���FO*����1bD+!"������B:�  X&%F�'X �-��1/.-[l����XZ�80"��1/�>�8021 <� V���8��!"�802XI}d�><�B:�b~>C
�A/�����'%F��!2�>�80"��1/��(��8A �F����0"<�021@��[eX���!2X im��! �>��!2021 �5}d�><�B:�`jG����0"����(���1/.@�8A � y ����B:�>�80"��1:��[ec^02�8XZ����./��1?�
c^�/1/0"����C"!9	 B �C��AD���
	2( �'~�|t~W�^n � p ��HGC

II��1 ��� (�DUC/|t~�� � ����C-�/�)�M[>�+8�A��)�W���3�)��7��)� C/)+�/BUT;���	~ �^021 � ��1/1/��02�8�8��1/XZ�V. �	!LK �+��0"��1?�k#;�'X�A � � ��!2!LC>D+1 ���8XZ�
.eK �G��� �G�8���	�8��#/�'H������1?�8�>�80"������CejSH����0"�V68�>#;��1/��02����C 
^��!2!202B:�>��.eC

II��1/1 ��. &�(h�UCRI@C"( 
+�8�W����(JrIC � C"(h��1/. ����A/1/����1e( %_C-, CV|t~����>�?��Cd,J]'#;����02B@��1?�8��!S��1/.OB:�W6����U��!"��B@��1?�
XZ��1/��������021?�8�^��1w�8A �N������!2� �80"��1w��[*!2���>���^[l�8��B � 02A/0"�;St�8!2��1/.e( �o�>#%�/�Q)5� O 
^�/021 ���'C\YU��$'��A)�#J�	U�:� �
$��+AD��
	 B �C��AD���
	2(h~��#�dn � ��� p � � � C

II���8��02X�Ae(�%_C"( ,�&'B:��1e(cNC"( y ��1e(�� C"(��1/.. V!"��� ������( , C^|t~���� � ��C  *��1/021/0"���$������0"���bn!"� O rF0 iu�8A ��!"��020"���
���8���'X�02�>�80"��1/�I[l�8��B �8A � �GC � 
^�$�5T%0"�80"T%0k<��8����1/������1 �:T;��!"��CGX��A+��� B �
�$��C�#	MF!"C�*	 �/�C�*�#	2(*~�H �Rn �>��� p�'~�HGC

II��<��'(PI@C�rIC"(�II��!"��B@��1e( �kC  +C"(���1/.:j'A/02B:0 (��e(7)UC/| �>��� ~W��C �k�����8��<���1 ���802�J��[%�8A �	XZ���/���timB:��1?�8!"�V������1/�80"�80"��1
(���1 �-��1/.9�8A ������0"<�021v��[F!"� O*���NXZ���/���8��!O*����A/!20"���:0219�8A � �^B:��1R��#%A/0"��!20"����C ������"+�9�+QO	@�����&%'��(��C	
�������)(��+�#	2( � |\�5�8�802X�!"�7�on �>����� 
 � ����� ~ ��� � ~��?( � �>� O*����./��( �  <�� �8����( � �8�>T%!"�����uC �� T%!202�8A ��._jG��#/����BUT;���
� ( �>��� ~>C

II���8��1/�><��'( � CJ��1/. II��!"��B@��1e( �kC� +C5|t~���������C.�+��0"<�021R��[5<��>T/T/�8�9�802!2!2�U021O�8A �$}$��A �v������1/�80"�80"��1 (���1 �
��[V�8A � �^B:��19��#%A/0"��!20"���bnh02B@#%!202X��>�80"��1/�+[l���NB:�><�B:�$������1/��#;���8�U021v�8A ���'XZ����1/02X:!"� O*���NXZ���/����C !9	
�����&%'��(��C	  ��)�C	2(h~�� �Qn ����� ��� p ����� �?�GC

II���8��1/�><��'(U� Ch��1/. II��!"��B@��1e( �kC  +CV|t~���� � ��Cw}$��!"�UB:0"<����>�80"��1R�8A �8��� <�A9�8A ���'XZ����1/02X�!"� O*���NXZ���/���:nk�
XZ��1/��������021?�N[l�8��B B@��!"�U#;����XZ��!2�>�80"��14B@�'. ��!2021 <PO50"�8A  1/0"���-����!202.P./0,�e�/�80"��1eC X��A+��� B �
�$��C�#	�F!"C�*	
�/�C�*�#	2(h~ ��Hbn2~ p ~�~>C

� ��X�A/0 (���(/}RCY|t~���������C � �`X�A/��BUT/�8�^B:�><�B:�>�802EG� �^[l���8�802!"�+.eK 3+��&'B:02!20"&���Av|\B:���8�80"[Y. �^3+��&'!2��&'1e('��#%A/0"��!20"���
. �b����B:��02!L(J�8�/!"�8��1/�>�@.eK �^B:��1a�:nSD+1=X����:. �Q#/�'H��X�0"#%0"�8�>�80"��1=. �b�8�/!"[\� �8���NB:�><�B:�>�802EG� ���:./��1/�@!2�
XZ���/X�A ��� �_. �+!2�_!20"�8A ����#%A ����8�F�'X%H����1/02EG� ��CYrFA ������^.eK �/1/0"�������80"�GH��CeD+1/0"�������80"�GH�+. �  *�8���8�><�1 ���^X�X�02. ��1'i
�8��!"��( �'~���#YC

� ��X�A/0 (���(�}RC"(�� C i �kC"(P� C i �kC � C"(>��1/. �o�>�������e( � C'|t~���������C 
$H���'X�A/02B:0"�	. ���kBPH���8���']@1 ��T%!"���*|\�+�N���J,! H��B@��1?�8�
./�9<��8��� #;��./�9#%!2�>�8021 �7��(hX��/0"�G�8�:���N����� [l�8��./��1/�_!"���_<��>T/T/�8���U!20"�GH���_���`!"���I�8�'X�A ���N�/!"������B:�  EG� ���
021?�����/�80"�����	. �_!LK ��#%A/0"��!20"���^.eK �^B:��1eC@YU	� =	-]W"&P5P	UF!"C�*	
S B �A)�3� ( ���>�/| S S8�+n ��� p �>�'C

� ��X�A/0 (���(a}RC"( � ������1/.e(?� C i �kC"(%��1/. ��� �������e(/rICh|t~����'~W��C � �'im)+0 i � 
^, B:�><�B:�>�802X_�8�/!  . �+���8���F��1/.Q�8A ��0"�
A �����$!2��&����8��. <��>T/T/�8���$021 �8A �R3+��&'B:02!20"&���A [l���8�802!IB:�><�B:�zX�A/��BUT;���P|\3+��&'!2��&'1 T%!"�'X �a(+jG��B:��02!
��#%A/0"��!20"���@1/�>#/#;��( �^B:��1a��C St1 �k����������(hrIC"(h)+02XZ��!2����(Y�UC"(Y��1/. � ��!"��B:��1e( %_C 
NC"(e��./0"��������(�./%'���*� �
� ���0�@�2�+$��)�)�3� �$!5:�+7���� 89���*��$ �<; ���9����")���$?�*"�� ���������#%'�9�+A��Z(h����!2�/B@� ����[ B �C��AD���
����( �$!5\F'��A)8?"���8�AD��
�������
����(>(a#%�><���� �>��� p �����GC�I_!2�BO*���5�+X���. ��B:02X �� T%!202�8A ������C

� ��X�A/0 (���(V}RC"( � ������1/.e(M� C i �kC"(*��1/. ��� �������e(rIC5|t~�����H���C � ��!2X im��! �>��!2021 �b./0,�;���8��1?�802�>�80"��1=���8��1/.z0214�8A �
#%!2� ����1/02X����EG� ��1/XZ�V��[%�8A ��,R��./0 3+��&'B:02!20"&���A`����XZ�80"��1e(�3+��&'!2��&'1:B:���8�80"[M(�jG��B:��02!?��#%A/0"��!20"����( �^B:��1eC
����������� ( � � n �>� � p �����GC

� ��0"��.e(?� C/��1/.b�+!"T;����( �UC � Ch|t~�� � ~W��CV3+0"<�AQ#/�8���8�8� �8�IB@���8��B@���8#%A/02�8B�021bB:�  XI�8A/02�8A?�8�*[l�8��B 1 ���8�8A ����1
�J����B@��1?��C ]1Q��+AC	�!9	RF!"C�*	2( � � ~:n ��� p ~ ��HGC

� ��B@��� �8���'];( 
NC"((St!2. ��[l��1/����(  +C"(S��1/.4}d��021 #/��02XZ��(kcNCF|t~���������C4}$�'. ��!2!2021 <$�8A �b����02�8B:02X:#/�8��#;���8�80"���_��[
[\�����tim��#/�8����./021 <4��02. <��9XZ���/���8��! � � O	i �J��!"�'X�0"�m& �a��1 ���9nF021/�80"<�A?�8�-[l�8��B �^B:��1 <��>T/T/�8�=���Z]'�8� �8����C
�!��"��#��$!�&%'��(��)�*"+� ( �'~ �bn � � � p �>� ~>C



�����������
	����������� �����
� ��1 <�BN�/0"��( � Ca3UCa��1/.w3+��1/����1e( 
NC;)UCo|t~�� � ~W��C � ��!2X��/!2�>�8021 <-}d021 ������! iM}$��!"�F��EG�/02!20"T/��02� O50"�8Ad������02X�A/0"�>i

B@�����8&�(*B:���8�@T%��!2��1/XZ��(��1/. �8021 <�!"�ZimXZ��B@#;��1 ��1?�:./02������0"T%� �80"��1PXZ�G� *�X�0"��1?�8��C�St1z)5� OF����1e( %_C � C"(
)+���G�8���8� �G&�(k�UC"(Y��1/.N,9�G�'./��(  +C/� C"(e��./0"��������(1�-�9�+A)QO��5�(�$!�Q �*"+�E�<;>�:��$��+AD�� ���$!5E� �+� ��� (e#%�><����
� � � p ���G~>ChjG#/��021 <�����i �J����!2�>< ( )5� O	i �S��� �aC

� ��1 <�BN�/0"��( � CY3UC"(RI_!"��021e(e,FCk}RC"(h��1/. �!2��1 �a(YrIC|t~���������C �k�����8��!"��<�02X���!	jG&'������B:�>�802X��_��[F}d02.'i �^XZ����1
%502. <��� V���8��!"�8�@n � ��1/��������021?�8�^��1O}$��!"� 
+��1 �����>�80"��1  *��1 ���>�8A �^XZ����1a��C�St1O}$���8<���1e(R� C��kC"(  V!2�7i
X �'B:��1e(%cNC'I@C"(/��1/.wj'02B@��1e(?� C%}RC"(/��./0"��������('���$'��� � � �
��L �$!5 � �+� �1���+$��+AD����*��$ ��U�:�*5 �+.�")���$
 ��*5��2�)� (/����!2�/B@� 
+����#%A?&'�802X���!YB@��1 ��<����>#%A �G~>(%#%�><����U~ � � p � � �'C;�+B@����02X���1 
+����#%A?&'�802X���!YD+1/0"��1eC

� ��1 #%A ����8��(Y}RCe�UCS|t~�� � ~W��C>I^im�5�_�><����^��[*B@���8��B@���8#%A/02XU�8�'X �'�I�>�^�8A �`T%�����N��[�8A ��j'��B:��02!h��#%A/0"��!20"����(
�^B:��1eC"!9	 �����&%'��(��C	  ��)�C	2( � H | �G�^n ������� p ��� � �GC

� ��1 #%A ����8��(S}RCS�UC"( � ��!"��B:��1e(�%_C 
NC"(J��1/.=35��#%����1e( � Co�UCF|t~�� � ~W��C jG�@02��������02X-������XZ���:���8�/. &R��[5�8A �
j'��B:��02! �+#%A/0"��!20"����(
�^B:��1eC"!9	 �����&%'��(��C	  ��)�C	2( � HQn ���7��� p ��� �>�'C

� �ZiM} H������� ��( � C"( %5�>T%�e(hcNC"(krh��<�&���&�(S}RC"(� *��X�A ��1/1 ��X>( y C"(  *��� �8��0"����(k}RC"(k��1/. �^02!2!"��&�(k}RCV|t~�� � H���C � �
BPH���8��B@���8#%A/02�8B@�N�8��<�0"��1/��!hXZ�'H���8��X%H�-. �U[\��X�0 ����+��X�!"��<�0"�����tim�8X�A/02�������^T%!"���/�5�8� �+!2�:T;����./� �8�I��B:��1/��02���
. �`!2�:#%!2�>����[l����B@�N�>���>T;�-n;XZ��1/�GH��EG� ��1/XZ���I.eK �/1 �_����XZ����1 <kH��1 ������-#/�'H��XZ�'XZ�@��1?���Zim�8� Te./�/XZ�80"��1eCGYU	� =	
]W"&P5P	UF!"C�*	 B �A)�3� ( �>� � | S S8�+n �>��� p �'~��'C

� �ZiM} H������� ��(-� C"( %5�>T%�e(%cNC"(arh��<�&���&�(Y}RC"(  *��X�A ��1/1 ��X>( y C"(  *��� �8��0"����(%}RC"(a��1/.��^02!2!"��&�(%}RCo|t~����>�?��C^j'� T i
./�/XZ�80"��1v��1/.w��Te./�/XZ�80"��1Pn;�FO*�$���8�><����_021w�8A �`���>im��!"#%021 �N����XZ����1 ��B@���8��B@���8#%A/02X@������!2� �80"��1w��[�8A �
�^B:��1=B@���/1?�8��021/��C St1 %F��T;���8�8����1e(J�UCS3UC y C"(*jG���>��!"��(S}RC �kC"(S��1/. %50"����(J�UC � C"(o��./0"��������(@�-�9�
�������
����( �$!5 �!��"��#��$?�*"+�6�<;G���9�:.�QO�$  ��#���*��$/(k����!2�/B@���?�$��[G�-�9�N�������
�����*"&���F!��"C�#�C��( F�%?��"C�*��
%!8'J+� �*"&����*��$/(%#%�><���� ����� p �����GC  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

� ���	����(  +C%,FCh|t~���� � ��C	)5��B@��1/X�!2�>�8� �8�I��[J��B@#%A/0"T;��!"����C ]1Q��+AC	-�:��$!	2('H��Qn2~�� ��� p ~������GC
� ��T%!2��1/X>(;}RC;��1/. � ���/!"��1 ������( 
NCJ|t~���������C � A �8��B:0"���UXZ�8&'���8��!2!20 (��>�80"��1d021d�-BN�/!"�802XZ��!2!2�/!2�>�FB:�><�B:� �/� O

���'02. ��1/XZ�I[l�8��B �:X�A �8��B:0"�80"���_./0 ���_021Q�8A ���^B:��1Q��#%A/0"��!20"����C ����������� ( ���-n ���'~ p �����?C
� ��T%!2��1/X>(e}RC"( � ���/!"��1 ������( 
NC"(e�+! im�'(���0L(;3UC"(e��1/.:����.$OV�>TY( � CJ|t~����'~W��C � ��1/XZ��1?�����>�80"��1vA?&'. �8���8A ����B:��!"�

. � �.d���^. � �S�^./��1/�5!"���5#VH����02. ���80"�����^B:��1?����!2!2��0"�8���5./�wXZ��B@#%!"�Z]'�U��#%A/0"��!20"�802EG� �_.eK �^B:��1eCGYU	� =	
]W"&P5P	UF!"C�*	 B �A)�3� ( �'~ � | S S8�+n2~���� � p ~�� ~ �GC

� ������( 
NCh}RC|t~���� � ��C�rFA �`<�����!"��<�&v��1/.v����XZ����1/02X��_��[ �^B:��19��1/.v#%�>�8�8�^��[FjG��� �8A ����1v�5���>T%02�'C:�������
	
F!��" 	/�-��$!5P��$���8?�A+�#	 !9	2( � �%| ����H��In � � � p H��7�'C

� 0"#/#%�>��.e(�jaC�� C%|t~���������C � �8���8��XZ�����/�A/0"<�A`#/�8���8�8� �8�	B@���8��B@���8#%A/02�8B 021@)+, �^B:��1:��1/.@0"�8�J�8��!2�>�80"��1/�8A/0"#
�����8� Te./�/XZ�80"��1Q��1/.b��#%A/0"��!20"���^1/�>#/#;�I��B@#%!2��XZ��B@��1?��C>�������
	�F!��" 	R�-��$!5P��$ !9	2(Y~����$n ��� p ~��#� C

� 0"#/#%�>��.e(;jaC�� C"( 
+����A/��Bb( 
NCe}RC"(hj'B@� O5021 < (!� C;cNC"(e��1/.9jG���>��!"��(e}RC �kCS|t~�� � ����CU}$��!2��1 <��@���8���'X�02�>����.
O50"�8A:�8A �_jG��B:��02! ��#%A/0"��!20"���5021:�8A �^1 ���8�8A ����1 �^B:��1�B@���/1?�8��021/�*��!2!"�'X�A?����1e(G����� �8A �������V�5���>T%02�'C St1
}dX � ��!2!L( 
NCP� C�3UC"(���./0"������( ./%'���*��� �����*"�� �+�
�$2�2�)� (  *��1/X�A/B:�>� �N#%�>#;�����k021N<�����!"��<�&�(�#%�><���� �>��� p �>� � C

� 0"#/#%�>��.e(*jaC�� CV��1/. %F�Z];(VcNC � CI|t~�� � ����C I^im�5�b�><����-��[U��! �>��!2021 �d0"<�1 �����/�:�8�'X �'�Q021z�8A �v1 ���8�8A ����1
�^B:��1=B@���/1?�8��021/��(J)+, �5���>T%02�'(J��1/.=�8A ��0"�`�8��!2�>�80"��14���R��0"[l�8021 < (k#%���8�80"���bB:�>�8<�021=. ������!"��#%B@��1?�
��1/.$. ���������/XZ�80"��1Q��[o�8A � �^B:��1$rh���8A?&'��C>�������
	R�����	2(Y~�~��bn �?��� p �>���GC

� 0"#/#%�>��.e(hjaC/� C"(oj'A ��!"����1e(Y�UC/, C"(h��1/. 
^���8��(JS C 
NCV|t~�� � H���C �-�9�6�&%'���*��� ���0�\�<;����9� Z@��A+���9�+A)$ .�QO�$/C
)+�/BUT;���+~�~5021�rFA �
+����!"��<�02X���!ejG�'X�0"���m&:��[ � ��1/. ��1-}$��B@��0"����C� V!2��X �EO*��!2!ej'X�0"��1?�80  X �� T%!202X��>�80"��1eC

� 0"#/#%�>��.e(YjaC/� C"(kj'B@� O5021 < (-� CYcNC"( %F���8A ���8&�(hcNCh�UC"(h��1/.  *�8� O51/021 < (��kC*|t~�� � ����CQrFA �`<�����!"��<�&9��[*�8A �
c^0"T/T%� (���1 ��(	1 ���8�8A ����1 �^B:��1 }$���/1?�8��021/�dn	�O#/�8��!202B:021/�>�8&4���8�/. &aC !9	��������
	4F!��" 	1�-��$!5P��$/(
~ ���bn ��� p H�HGC



��� � �����������
	�����������

� ��[l<��8��1e(�
NC |t~�� � �?��C%,J]'#;����02B@��1?�8��!?���8�/./0"���Y��1N�8A �V. &'1/��B:02XXZ�8&'���8��!2!20 (��>�80"��1_��[%�802!202X��>���*B@��!"�8��CESt1N3+�>��i
<�����������( %_C! +C"(a��./0"������( B ��(��)�*"+� �<;@QO���QO����*"V%!AD��")�)�&���)� (e#%�><���� � � � p ���'~>C �S��021/XZ������1dD+1/0"�������80"�m&
�S�8���8��C

� ������1/.e(�� C i �kCa|t~�� ��� ��C y �Zim)+0 i � ���8�/!  . ���o021`����XZ����1/0"���5#;����02. ���80"�����o[l�8��B �8A �+}d��EG�8��.�./02������02XZ��(?j'�/B:��02!
��#%A/0"��!20"����(V����� �8A ����1 �^B:��1 nF02B@#%!202X��>�80"��1/�:[l���b�8A �v����0"<�021���[U�8A �9�8�/!  . �wXZ��B@#;��1 ��1?�$021 �8A �
�'XZ����1/02X_� #/#;���	B:��1?�8!"��C �!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n ��� p � �GC

� ������1/.e(�� C i �kC;��1/. � ���/!"��1 ������( 
NCJ|t~�� � ����C_j'02!202X��>���U��1/.dT%�����ZimB@���8��!o�8�/!  . �_021/X�!2�/�80"��1/�	021$X�A �8��B:0"�����
[l�8��B �8A �`}d��EG�8��.w�>�8���v| �^B:��1$��#%A/0"��!20"����( 
^�/!"[k��[��^B:��1a�^na��B@�'. ��!e[l���+��1?�����>#%B@��1?��C1����������� (
���Qn2~�� � p ~��>�'C

� ������1/.e( � C i �kCS��1/. ��� �������e(SrIC5| �>�����?��C�rFA �$3+��&'B:02!20"&���A=�8�/!"#%A/02. �:���8���w|\3+��&'!2��&'1 B:���8�80"[M( �^B:��1
��#%A/0"��!20"���7�	n/021'im�80"�8�-����<��8��<��>�80"��1$��[ � 
^,Jiu#;�G���FB:�><�B:�>�802XI�8�/!"#%A/02. ���021Q�`[l���8�802!a�'XZ����1/02XIB:�><�B:�
X�A/��BUT;����C����AC	 �����&%'��(��C	  ��)�C	2( �'~�| ��� �G�In ����� p � �?�GC

� �W����!"�'X �a( �kC?,FC %_C"( �k����������(GrIC � C"(P,R��!2� O*���8�8A'i  *��!2!L(?,FC  +C"(G��1/. , 0"��B@����(P, CG}RCa|t~�� � ~W��C��+��. �W�'02X�02��1
�8�'X �'�5021 �^B:��1$}$���/1?�8��021/�In%rFA �_�+B@��./Ab[l����B:�>�80"��1eC@�������
�����#�O�+$\�:� �)$�J���8�LJ(!H>�bn � � � p �?���GC

� � &���1/. & �a(  +C �kCh��1/.Oc^��&�(�%_CV|t~�� � ����C��o��!"����B:�><�1 ���802�8B ��[	�8A �QjG��B:��02!J��#%A/0"��!20"����( �^B:��1e( �GCkrFA �
OV��./0-I_��./0"�	<��>T/T/�8�:����XZ�80"��1eC�!9	 �����&%'��(��C	� ��)�C	2( � �'|  ^~ ���_n �>��� p ~�� p �'~��?C

� � &���1/. & �a(  +C �kC"( � � O5��(  +C %_C"(Wc^��&�(#%_C"(W��1/. � ��!2!2021/����1e(ZrIC  +C'|t~�� � ����C �o��!"����B:�><�1 ���802�8B ��['�8A �VjG��B:��02!
��#%A/0"��!20"����(��^B:��1e(a~>C'rFA �+�8A ��������.Q. & ���^XZ��B@#%!"�Z]:��[ SMT/���'C�!9	M�����&%'��(��C	� ��)�C	2( � �'|  ^~ ���5n ��� � p ~�� p�>� �GC

}d��X � ���'.e( � C � Ce��1/.$%F���8A ���8&�(ecNCe�UCS|t~���������C�%502. <��`�7] 02��!o����<�B@��1?�8�>�80"��1R021d�8A ���^B:��1w��#%A/0"��!20"����n
,S�'02. ��1/XZ�v[l�8��B���!"��1 <>im������0 ���9�>�>��02�>�80"��1/�Q021��8A �R�8A ��������. . & ���RXZ��B@#%!"�Z];C.St1 �o�>������1e( � C5}RC"(
}d� �8����1e(  +C�� C"(?��1/.� *�8� O51/021 < ( �kC"(?��./0"��������(/./%'���*��� ���0�)�=�$!5\�-�9�+��A ����5��+A)$ .�")���$?�*"W]1$!��
����8'�)� (
1G�/BUT;���WH>�:021QrFA � 
+����!"��<�02X���!kjG�'X�0"���m&$jG#;��X�02��!;#%� T%!202X��>�80"��1e(?#%�><���� ��� p H��GC  V!2��X �EO*��!2!Y�8X�0"��1?�80  X#%� T%!202X��>�80"��1/��C

}d��X � ���'.e( � C�� C���1/. ��>���/��1/X�E%( 
NC%| �>�����?��CY� [l���8�802! B@��!"�S!"��1/�J021N�8A �&�^B:��1`��#%A/0"��!20"���^n�02B@#%!202X��>�80"��1/�
[l���+B:�><�B:��X�A/��BUT;���5#/�8�'XZ���8�����5�>�F[\�����+��#/�8����./021 <`��02. <�����C X��A+��� B �
�$��C�#	UF!"C�*	-�/�C�*�#	2(k~���Hbn ����� p��� �GC

}d��A �G�'.e( 
NCa�UCa��1/.  V��X ������(YcNC %_Co|t~�� � H���C+,J]'#;����02B@��1?�8��!YXZ��1/��������021?�8�5��1w. ��#/�8A/�F��[J[l����XZ�80"��1/�>�80"��1
��[B:02!2./!"&Q��! �>��!202X_T%���8��!"�8�^��1/.w���8���'X�02�>����.w[l��!2�802X_�8�'X �'�Nn �o��1?����!2!"����02�'(YjG������0"�+��[Vj'02X�02!"&aCGYU��$'��A)�#J�	
�:��$��+A)�
	 B �C��AD���
	2(;���Qn ���'~ p ��H � C

}d��1 <�A/��1/0L(V}RC 
NC*��1/. � ��!"��B:��1e( %_C 
NCI|t~�� � ~W��C 
+�����'0"�m&z#/�8�  !"������XZ�8���8���8A �9j'��B:��02!F��#%A/0"��!20"����(
�^B:��1eC"!9	 �����&%'��(��C	  ��)�C	2( � H | �G�^n ���>��� p �������GC

}d��1/1e(%�UC/��1/.$3+��1/1/�'(;jaCajaCk|t~����>�?��CVrFA �I����XZ����1/02X_������!2� �80"��1b��[o#/�8�Ziu#;����B:02��1-�8�'X �'��(%XZ��1?������!��^B:��1
B@���/1?�8��021/��C�St1 %F��T;���8�8����1e(h�UCh3UC y C"(ojG���>��!"��(h}RC �kC"(k��1/. %50"����(Y�UC � C"(Y��./0"��������(1�-�9�:�������
����(
�$!5\�!��"��#��$?�*"+�1�<;����9�>.�QO�$  ��#���*��$/(?����!2�/B@� �?�^��[��-�9� �������
�����*"&��!F!��"C�#�C��(@F�%?��"C�*���%!8'J+� �*"&����*��$/(
#%�><���� � � � p �����GC! V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

}d�>��EG� ����(YcNC"(��k����������(hrIC"(Y��1/. 
^1 ����(Y,FCS|t~���������C�� 1 � O �������/XZ�8� ����!J021?�����8#/�8���8�>�80"��1v[l���I�8A �@��B@#%!2�7i
XZ��B@��1?�N��[	�8A �-}d���80"����AR��#%A/0"��!20"����(��^B:��1eCh� B:��021 �o��!"���'XZ��1 �Q021?�����>�'XZ����1/02X@�8A ���/����C ������5�(�$!	
P"��#>( � n2~ � p ~��GC

}d�>���8��� ����(>}RCW��1/.�%50"� (�( � C i y C'|t~�����H���CG�5�8<��/B@��1?�8�e<kH����!"��<�02EG� ���h��1I[\������� �k.eK �/1IB@�'. ���!"�. �S�8� Te./�/XZ�80"��1
XZ��1?�8021 ��1?�8��!"��#;��� �_!LK �Z] AG�/B:�>�80"��1O./�9BPH���8��B@���8#%A/02�8B@�-A/��� ���Ziu#/�8���8�80"��19.eK �^B:��1eC YU	� =	 ]W"&P5P	
F!"C�*	
S B �A)�3� ( ����� | S S8�^n � H�� p � ��HGC



�����������
	����������� ���K�
}d���/1 ��� �8&�('� C i � Ck|t~����>�?��C1F?8'J+� ��Q��)��%9�AD��� �)�O�C� �*5��*�����#�)� 5��=Z@��)AVX�5P5���$ [@��5 �C>C �A*H��T%�/��C
}dX � �/!2!"�'X�Ae( }RC rIC"( 
+�8��<����8&�(
%_C rIC"(�,R���8�����8T%� �8< ( 
NC?� C"( ��1/.Qrk��&'!"����( 3UC �kCY|t~�� � �?��C�{1 ���'. &'B:02�/Bb(

�����8��1?�802�/Bb(e��1/.v��]'&G<���1O02��������#%02X`���8�/. &$��[*�8A �:XZ�8���8��XZ�����/�`j'��B:��02!k��#%A/0"��!20"���`��1/.902B@#%!202X��>�80"��1/�
[l���+�8A �N#;�����8��<���1 ���802�5��1/.w����� OV�>������imA?&'. �8���8A ����B:��!J��!"�������>�80"��1d��[J�'XZ����1/02XNXZ���/����CVX��A+��� B �
�$��C�#	
F!"C�*	-�/�C�*�#	2(
��Hbn �>� ~ p �'~�~>C

}dX � �/!2!"�'X�Ae(a}RCarIC"( 
+�8��<����8&�(!%_CarIC"('OV���8�����8T%� �8< ( 
NC�� C"(a��1/.drk��&'!"����(a3UC �kCo|t~�� � ~W��CIj'B`im)+.e( %FT itjG�
��1/. J�� ��� J�� � 02��������#%02XI��&'������B:�>�802X��5021b��1$�'XZ����1/02X_XZ���/���8��!Y����XZ�80"��1Rn/���'02. ��1/XZ�_[l�8��B �8A �`j'��B:��02!
��#%A/0"��!20"����C�!9	 �����&%'��(��C	  ��)�C	2( � H | �G�^n ���>��� p �������GC

}dX4St1?�80"�8��(�, C � C%|t~���H�����Cerh����XZ�F��!"��B@��1?�J#%�>�8�80"�80"��1@XZ�G� *�X�0"��1?�8�	n��I�8���'0"� O=��[a�8A �����8&`��1/.@�>#/#%!202X��>�80"��1/�
���:<�����!"��<�&aC ������"+����QO	WYU���)QO��"+����QO	�]W"��#>( ���-n2~ �>��� p ~ ��H � C

}$��&�����(P� C"(>}$����XZ��!2!20L( S C"(>��1/.�StB:B@��1/A/���/������(W�UC |t~�����H���C �'�aiu��02. <����! �>��!2021 �B:�><�B:�>�802�8B ��1/.N������B@���/1?�
����!2X���1 �G���k021_��Te./�/XZ����._�'XZ����1/02XXZ���/���Y��[%}d���80"����AU02�8!2��1/.:|uj'�/!"�8��1/�>�����[ �^B:��1a��C��!��"��#��$!�&%'��(��)�*"+� (
��H��Qn2~ � � p �>� � C

}$��&�����( �kC;jaC"(/c^02X �a(%3UC!� C  +C"(%��1/.$rFA ��B@#%����1e( 
NCk|t~�� � ����C � �/BN�/!2�>���I<��>T/T/�8���	[l�8��B �8A �`jG��� �8ABO*�����
St1/./02��1$%502. <���( � � ��j?i � �>~�HGK , nY02B@#%!202X��>�80"��1/�+[l���_B:�><�B:�>�802X@#/�8�'XZ���8�����_�>�_�8!"� O ��#/�8����./021 <-��02. <���C
YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2(h~����bn � � p H��GC

}d02X�A/�>��!L( �kC9� CG��1/. � A/������(�%_C � C;|t~�� � ����CorFA �+021 �%� ��1/XZ�	��[Y#/��02B:�>�8&`B:�><�B:�NXZ��B@#;���80"�80"��1e( � � �{��1/.
#/�8���8�8� �8�+��1d}d02.'i �^XZ����1 %502. <��^T%���8��!"�F./0,�;���8��1?�802�>�80"��1eC=YU��$'��A)�#J�	-�:��$��+A)�
	 B �C��AD���
	2(%��HQn � � � p ��H��GC

}d02X�A/�>��.e(G�UCe|t~�� � ����C � ��1?����0"T%� �80"��1 ��N!2�UXZ��1/1/��02�8�8��1/XZ�^. �+!2�UB:�>�8<��^1 ����.-./� 
+��1/.$OV��1/�'('�/1 �+X�A/�Ws �21 �
#%!202�8�GH���^#%��! H��� (�� Q �2EG� ��( �G����02����BUT%!2�>T%!"��B@��1?�VA ����XZ&'1/0"��1/1 �+��1 �^B:��1eC=YU	  =	-]W"&P5P	RF!"C�*	
S B �A)�3� ( ���GC

}d02X�A/�>��.e(>�UC |t~�� � ����C � ���o1/�>#/#;���k. �	}d���8X��>���U| �^B:��1a��(7����B@#;�:H��#%0 imXZ��1?�8021 ��1?�8��!"�	.eK ��Te./�/XZ�80"��1 ��5[\��X�0 ����
�8X�A/02�����UT%!"���$���^!2��./�/��!20"�GH�U�>#/#%�>�8��1?���`. ���5��#%A/0"��!20"�����	��B:��1/��02������C4F!"C�*	W��������
	 ��8����
	
SMF'��AD���J���8�A*��(��HQn � p ~�HGC

}d02X�A/�>��.e(/�UC"(  *���/X�A � (�(!� C i � C"(%��1/. �^�/�#( (���1/0 imrh���/A/��B:0L(/}RCk|t~�� � �G��C �+Te./�/XZ�80"��1-�8��!2�>����.b#%!2��1/�>�F��1/.
!2021 ���>�	[\�>T/��02X��	021 �^B:��1eC"!9	RF'��A)8?"��#	��������
	2(�H-n ��� p �?�GC

}d02X�A/�>��.e(e�UC"(  *���/./0"����( y C"(h��1/. 
+�#�5H��(  +C|t~����'~W��C �+Te./�/XZ�80"��1w�������8�/�I�8� Te./�/XZ�80"��1w��1/.9XZ��!2!202�80"��1w021
�8A � �^B:��1QX������I��1/.-���8A ���	�����8A?&���1b�������8021 <���CNSt1 �k����������( rIC"( )+02XZ��!2����('�UC"( ��1/. � ��!"��B:��1e(�%_C 
NC"(
��./0"��������(1./%'���*��� ���0�O�2�+$��)�)�3�6�$!5 �+7���� 89���*��$K�<;6���9�E��")���$?�*"\� ���������#%'�9�+A��Z(J����!2�/B@� �$��[ B �C��AD���
����(
�$!5GF'��A)8?"���8�AD����������
����(>(%#%�><����)� � � p ��H��?C I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C

}d02X�A/�>��.e(��UC"( 
+�#�5H��(� +C"(?��1/. �^�/�#( (���1/0 imrh���/A/��B:0L(?}RCa|t~�� � ����C��+Te./�/XZ�80"��1'iu�8��!2�>����.`A/0"<�A@#/�8���8�8� �8�Zim!"� O
����B@#;�����>�8� �8�_B@���8��B@���8#%A/02�8B 021b� #/#;���FXZ���/���8��!eB:�>������02��!2��(%}d�/�8X��>��( �^B:��1eC>�!�+A)ADNYU����$?���#>( �GC

}d02X�A/�>��.e(a�UC"( 
+�#�5H��(  +C"(Yj'��././02EG0L( �NC"( �+T;����A Q��1/�8!20L(
%_C"(;��1/. ,9��1/. ��(;�UCYjaCo|t~���� �G��C � �>���@XZ�8���8��XZ�����/�
�Z] AG�/B:�>�80"��1P��[5�8A � �^B:��1PT%!2� ���8X�A/02���8�N��1/.P��X�!"��<�0"�����QnJ�w�FO*�>im���8�><��d�Z]'����1/�80"��1/��!VB@��X�A/��1/02�8BbC
�!�+A)ADOZ@��7�>(!HQn ���#� p �/~ �GC

}d02X�A/�>��.e(>�UC"(���� �������e(>rIC"(���1/.>, 0"����X�AG� ��X�Ae(�3UC/|t~�� � ����C � K ��Te./�/XZ�80"��1�n>�8���'� �V. ���oB@�'. ���!"���o���SXZ��1 [l�8��1'i
�8�>�80"��1d���$X����5. �_!LK �^B:��1eC ��8����
	RF!��" 	���������
	���AD�$!")�Z(��-n2~ � � p ~�� � C

}d02X�A/�>��.e(7�UC"( � �ZiM}$����( �NC"(�
+�#�5H��(  +C"(>��1/.N}$��1?�80"<�1?&�(#%_C |t~�� � ����C/}$��X�A/��1/02�8B{��[ �8A � �^B:��1UB@���/1?�8��021/�
��Te./�/XZ�80"��1Q��1?���:�8A �U�>���>T%02��1$XZ��1?�8021 ��1?�8��!YB:�>�8<�021eC ��8����
	RF!��" 	��������
	���AD�$!")�Z( � | ���^n � �/~ p �����GC

}d02X�A/0"T%��&����8A/0L(UI@C"( 
+���8T;���8�ti 
^��02!2!2�>��.e( � C"(S��1/.=)+02XZ��!2����(S�UC+| �>�����?��C j'A ���>�:����1/���$021?�������80"��1=021P�8A �
3+02!"�80IB:��1?�8!"�P����XZ�80"��1 | �^B:��1 ��#%A/0"��!20"���7����1/.{��XZ�80"���PB:��1?�8!"�O� #/��02����C ���AC	E�����&%'��(��C	  ��)�C	2(
�'~�| ��� �G�In ����� p ��H � C



����� �����������
	�����������

}d02!2!"����(�� C	}RC"(	cNC %_C 
+����&�(F��1/. 
+�8��<����8&�()%_CVrICI|t~���� � ��C ,J] AG�/B:�>�80"��1 ��[UA/0"<�A'iu#/�8���8�8� �8�$�8�'X �'�b021
1 ���8�8A ������������1 �^B:��1eC@�������
����(>(���HQn ����� p ��� � C}d02�8������0L(k}RCV|t~�� � ����C9jG�����/XZ�8� �8���U. ���NB:���8�80"[\�I��#%A/0"��!20"�802EG� ���I. � � ��1?&���14}$���/1?�8��021 | �+�8��<���1a�^���`. �
,R��./0Grk��&'021Q| �^B:��1a�on � 0"�8A ����#%A ����8�.eK �>��X021/�8�/!2��0"�8��(�!20"�8A ����#%A ����8�S�'X%H����1/02EG� ��CGrFA ������V.eK �/1/0"�������80"�GH��C
D+1/0"�������80"�GH�U. �_)+��1?������(k~ ��H`#YC

}d0"�8X�A ��!2!L(*)UC � C"( � 0"������B@���8��(�%_CV�UC"( y �>T/�8�����80L( �kC"(V��1/. � �>�8���>���'( 
NC_| �>�����?��C rFA �  *��� �����Q����0"#%!"�
68�/1/XZ�80"��1e( �>�w���=~��9}d�'(J��1/.O�Z]'����1/�80"���Q������1/������1?�80"��1/��!*. ��[l����B:�>�80"��14��.768��XZ��1?�`���v�8A �  *��� �����
��1/. � ��1 ����.Q������1/��[l����B:��C"!9	 �����&%'��(��C	  ��)�C	2(h~���� |  ��G�In � ���>� p � ����HGC}d0"&����8A/0"�8� (G�UCe|t~���� �G��C �J��!2X���1/02X+�8�'X ��������0"���*021-02�8!2��1/.:�>��X��V��1/.Q��XZ�80"���IXZ��1?�8021 ��1?�8��!;B:�>�8<�021/��CR]1QO	�!9	
F!"C�*	2( ��� �dn ���'~ p �����GC}d0"&����8A/0"�8� (e�UC"(kj'A/02. � ( y C"(h��1/.9,RO5021 < (e}RC|t~����7�?��C � �8&'���8��!2!20 (��>�80"��1v��1/.9./0,�;���8��1?�802�>�80"��1v0219�>TG&'�8�8��!
�8A ��!"��020"�����	��1/.b<��>T/T/�8���	[l�8��B }d02.'i �^XZ����1�%502. <�����CMX��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2( �-n ��H'~ p ��H��GC}$��1?�80"<�1?&�()%_C"( � �ZiM}$����( �NC"(	rFAG�/0 (��>��( %_C"(	��1/.K, A/0"����X�AG� ��X�Ae(	3UC_|t~�� ��� ��C I^im�5�b��1/. 	 L ��� �  �� ���
���8�/. &R��[^B@���8��B@���8#%A/02X��8�'X �'�:���8���'X�02�>����. O50"�8AP�8A � �^B:��14��#%A/0"��!20"���dnJ����XZ����1/02Xb02B@#%!202X��>�80"��1/��C
�!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n � � � p ��H��GC}$��������(;jaC/�UCk|t~�� � �?��C��1��C�� ��� �$!54%'������ 5��*���AD�Q>� CFjG#/��021 <�����i �J����!2�><@)5� O �S��� � St1/X>C

}$������!"��&�( y CY|t~���H�����CSrFA �+� #/#;���*XZ�8���8��XZ�����/�	��#%A/0"��!20"���+XZ��B@#%!"�Z]���[k}d���80"����A-02�8!2��1/.eC�.�QO�$!	��������
	�!9	2(
H | ���^n ����� p �>�PHGC}$������!"��&�( y C%��1/.d�5T/T;�����8��($S C � Ck|t~����>����C	rFA �_��#%A/0"��!20"���IB@��!2��1 <��_��[S}d���80"����AeC@.�QO�$!	 !9	��������
	UF!��" 	
�-��$!5P��$/(o~ ��HQn �G~ � p � � � C}$���/1?�8��021e( 
NCYjaCa��1/. �S�8��!2!L(?, C � Co|t~����>�?��C_� BN�/!"�80"#%A/�����_#%!2�>���U����XZ����1/02XNA/02�������8&b��[J�8A �`����� �8A �������
XZ��1?�8021 ��1?�8��!/B:�>�8<�021N��[ �^B:��1eC$St1 %F��T;���8�8����1e(��UC�3UC y C"(GjG���>��!"��(�}RC �kC"(���1/. %50"����(��UC � C"(>��./0"��������(
�-�9�@�������
����(>�$!5G�!��"��#��$?�*"+���<;����9�4.�QO�$  ��#���*��$/(7����!2�/B@� �?�F��[��-�9�4�������
�����*"&��?F!��"C�#�C��(=F�%?��"C�*��
%!8'J+� �*"&����*��$/(%#%�><����� ��� p � � �GC  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC)+�	�>��BN� ���'(%)UCk|t~���� �G��C	c+��������B:021/�>�80"��1b��[�%5,,F(  V�'( }$< (a)+�:��1/.\I 021bX��>�8T;��1/��XZ�����/�5��1/.b����./021/�>�8&
X�A ��1/. ��0"������C@������"+����QO	WYU���)QO��"+����QO	�]W"��#>( � � n � ��� p ��� �GC)+�>�8!2��1/.e(�� C?3UCG��1/.�c^02X �a(G3UC�� C� +C;|t~�����H���Co}$��!"�V}d0"<����>�80"��1:�8A �8��� <�A�A/0"<�A'im!"������! <��>T/T/�8��02X5X��/BN�/!2�>�����
��[5�8A �Q�������`#%��X�0  X���02���Q�>�@35���8�@c+����# nJrFA �-����0"<�021O��[+B:�><�B:�v!"��1/�����`��1/.P�8A �b. ����#=XZ���/���8��!
�������/XZ�8� �8�F��[e[\�����tim��#;����./021 <I��02. <�����C St1�}$������!L( � C"( 
^02!2!202��(�I@C'}RC"(G�+!2!2��1e(�� C y C"(G��1/.-}$��&�����( �kC jaC"(
��./0"��������( B AD��")�&��5���$2� �<;E���9��.�")���$ �4A)����� ��$2� B AD����AD�Q>S@F!"C�#�+$'��� �M"  ��)�)8�� ��� (J����!2�/B@�9~�� �?(S#%�><����
�'~ p � � C � ��!2!"��<��NjG�8�>�80"��1e(%r�� | �^XZ����1dc+��02!2!2021 < �S�8��<�����B-��C

)+�>�8!2��1/.e( � ChjaC"(e}$��&�����(��kChjaC"(;c^02X �a(Y3UC � C  +C"(e��1/.$ V!"�G��B@����(hjaC;3UCS|t~����'~W��C`}d�><�B:�>�802X`��] 02. ���^��1/.
�8�/!  . ���F021$<��>T/T/�8��02X_�8�'X �'�+[l�8��B 35��!"� � ���# ��1/.$�8A �`!2�>�������I. ������!"��#%B@��1?�5��[S�8A �`!202EG�/02.b!2021 �I��[
. ���8XZ��1?��C'St1 �J��1'im35���8��1e( %_C��kC"( %F��T%021/����1e( �kC?rIC"(��+./��B:����1e(��UC � C"(  *��X ������(�I@C"(  V!"�G��B@����(?jaC�3UC"(
B:�>�8A/02!2. � � ��1/1/�>��(>c^02X �a(>3UCP� C# +C"(>35����B:B@����B:��1/1e(#%_C y C�I@C"(�
^�>��.e(�
NC"( 
+��!2. T/�8��< (>cNC"(�35���8T;���8��(
%_C"(/35���8����<���1e('� C 
NC/3UC"( 35��� �'021/��( 3UC"($SM�8� ��021 � ( 
NC"(?I_���8����1/���>��('� C cNC � C"(/��1/.6II��B@#/����1e( �kC/cNC"(
��./0"��������( B AD��")�&��5���$2� �<;E���9��.�")���$ �4A)����� ��$2� B AD����AD�Q>S@F!"C�#�+$'��� �M"  ��)�)8�� ��� (J����!2�/B@�9~�~ � (S#%�><����� � p ~�~�~>C � ��!2!"��<��`jG�8�>�80"��1e(/r�� | �^XZ����1dc+��02!2!2021 < �S�8��<�����B-��C

)5���>�8&�( � C�%_C��1/.  *�8� O51e(*}RC�UC+|t~����>����C � A �8��B:0"�����`[l�8��B �8A �d�+!LK �5&'�:XZ��B@#%!"�Z];(*j'���/./0	�5���>T%02�
��1/.$jG��B:��02!%XZ��B@#%!"�Z];(
�^B:��1e(G������!2� �80"��1-��1/.QB:021 ������!202�8�>�80"��1@��[Y�8A �I�>���>T%02��1-�8A/0"��!2.eC/TD] � ��8����
	2(
~ ��Hbn2~���� p �>���GC)5��A/!20"< ( �kCS|t~���������C St1?��������XZ�80"��1/�^T;���FO*����19B:�><�B:�bX�A/��BUT;�����^��1/.vA?&'. �8���8A ����B:��!o��&'������B:�Nn;�'XZ����1/02X
��1/.b��#%A/0"��!20"�802X+XZ��1/��������021?�8��C"!9	������&%'��(��C	� ��)�C	2(a� � n2~���H��'~ p ~���H����GC



�����������
	����������� �����
)5��A/!20"< ( �kCk|t~���� �G��C y ����XZ�8� �8�N��1/.$#;����B@���>T%02!20"�m&-��1/��!"&'�802�F021$B:�><�B:�7imA?&'. �8���8A ����B:��!Y������1/�80"�80"��1 (���1 ���

021Q�8A �`j'��B:��02!;��#%A/0"��!20"���@| �^B:��1a��C�!9	 �����&%'��(��C	  ��)�C	2(a���Qn � � � p H>� ~>C
)5��A/!20"< ( �kC;��1/. ��� �������e(arICo|t~�� ��� �?��C^c+����#9XZ���/���8��!h����� OV�>�����I#;��1 �������>�80"��1d��1/.wX�0"��X��/!2�>�80"��1$�>�+�'XZ����1

��02. <����^n/���'02. ��1/XZ�I[l�8��B �8A ���^B:��1 �+#%A/0"��!20"����C ���AC	 �������
	2( � �$n �>��� p ��� � C
)5��A/!20"< ( �kC*��1/.K��� �������e(*rIC^|t~�� ��� T;��C y !"� O #;���8���80"�80"����(J#;����B@���>T%02!20"�80"���@��1/.z#/�8��!202B:021/�>�8&O./�>�8�O��1

�%�/02.:021/X�!2�/�80"��1/�S��1/.�[l���8�802!/�8A ����B:��!%<�����./0"��1?�8�*021:�8A �^XZ���/���8��!a����EG� ��1/XZ�+��[Y�8A �_j'��B:��02!!�+#%A/0"��!20"���
| �^B:��1a��C �!��"��#��$!�&%'��(��)�*"+� (o~ �'~@n2~���� p ~ �'~>C

)5��A/!20"< ( �kC"(���� �������e(>rIC"(  *��1/. ��!L(��NC"(>��1/. � ��������1e(P� C'|t~���� �G��C/rFA ��8�G��� (���1 ���k��[/�'XZ����1/02X*A?&'. �8���8A ����B:��!
��&'������B:�In%XZ��1/��������021?�8�	[l�8��B �8A �`j'��B:��02!;��#%A/0"��!20"���:| �^B:��1a��C"!9	 �����&%'��(��C	  ��)�C	2(a���Qn � �7��� p � �G~ �GC

) Q�><�!"����(/rIC y C/��1/. y �8��0L(
%_CY|t~���������C*rh��� �=I^iu[l��!2./��#%�>�V<�����1/0"�����F021-�'XZ����1/02XIXZ���/���_|L}d���80"����Ab��#%A/0"��!20"����(
j'�/!"�8��1/�>���I��[ �^B:��1a�5n/�:DFi �STd��1/.wj'B`im)+.$02��������#;�_���8�/. &aC4Y/�9�+QO	W�������
	2(h~ � � n2~�~�� p ~ ��HGC

)+02XZ��!2����(U�UC�|t~�� � ����C �+��0"<�021 �4�'H���802./� ��!2!"�=.eK ��!20"�'021 � �� XZ��1?����� ���O��� ����B@���8#%A ����CUc^02�8X��/�8�80"��1 . � !2�
1 ����� � � ���Q./�/1/0"�����:��1���1/X�!2�������b./��1/�-!"���-T%���8��!"�����Q��!2X���!2021/��. ���@s �2!"�����'X%H����1/02EG� ���vnV�5#/#/�8�'X�A �
#VH�����8��!"��<�02EG� � �'(%#%�>�5,FC/rIC
 *���8<����5���+}RC �S��1/1/0"����C ��8����
	/�:��$���+AD��
	2(h~�� � n � ��� p � ��HGC

)+02XZ��!2����(%�UCk|t~�� � H���CF}$��!"�F�Z]'������XZ�80"��1dB@�'. ��!eT%������.b��1d�������/XZ�8� ����!e���8�/./0"���F021bB:��1?�8!"�_#;����02. ���80"������C"!9	
B �C��AD���
	2( ���-n ����� p ~�� ���GC

)+02XZ��!2����(o�UC	|t~�� � ����C F'��A)8?"���8�A��)�\�<;E�&%'���*��� ���0�)�\�$!5�5�(�$!�Q �*"+�\�<;E��")���$?�*"\� ���������#%'�9�+A��Z(J����!2�/B@� �w��[
B �C��AD���
����(E�$!5GF'��A)8?"���8�AD����������
����(>C�I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C

)+02XZ��!2����(o�UCF|t~����>�?��CP}$��!"�`�Z]'������XZ�80"��14[l�8��B B:��1?�8!"�Q#;����02. ���80"�����:nJA?&'. �8��[l����XZ�8� ��021 <$���`#;���8���/� �/� O
XZ��1/����EG� ��1/XZ�V��1N�'XZ����1/02X��02. <��*��XZ�80"�'0"�m&aC St1 %F&���1e(�}RC �kC"(>��./0"������(������QO@��AD�$9�#%9��A+�U�$!5=�+�#��AD��2�Z(
#%�><����U~�H>� p ~�� � C  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

)+02XZ��!2����(/�UCh|t~���������CMI_021 ��B:�>�802X��	021QB:�><�B:�>�802XI�8�'X �'�,O50"�8AQ��#;��X�02��!;�8��[l���8��1/XZ�I���@<��>T/T/�8����C"!9	 B �C��AD���
	2(���Qn � �'~ p �'~ �GC
)+02XZ��!2����(��UC���1/.@�'(���0L(�3UC��UC%|t~����'~W��C � A �8��B:0"���Ziu��02X�A`��1/.@X�A �8��B:0"���Ziu#;�G���J��#%A/0"��!20"�����*n>�8A � �^B:��1@X�������C

St1 �k����������(7rIC"(�)+02XZ��!2����(W�UC"(W��1/. � ��!"��B:��1e( %_C 
NC"(W��./0"��������(?./%'���*��� ���0�U�2�+$��)�)�3���$!54�+7���� 89���*��$��<;M���9�
��")���$?�*"�� ���������#%'�9�+A��Z(Y����!2�/B@� ����[ B �C��AD���
����( �$!5EF'��A)8?"���8�AD��1�������
����(>(e#%�><���� ��H'~ p ��� � CRI_!2�BO*����+X���. ��B:02X �� T%!202�8A ������C

)+02XZ��!2����(G�UC'��1/.  *���/./0"����( y Ce|t~����'~W��C�%F�G���8021 <U��[Y�8A �+�8A ��������.Q./0 ���+XZ��B@#%!"�Z]�021:�8A ���^B:��1���#%A/0"��!20"����C
St1��k����������(arIC"(%)+02XZ��!2����(%�UC"(a��1/. � ��!"��B:��1e(
%_C 
NC"(%��./0"��������( ./%'���*��� ���0�=�2�+$��)�)�3�@�$!5\�+7���� 89���*��$ �<;
���9�@��")���$?�*"@� ���������#%'�9�+A��Z(/����!2�/B@� �_��[ B �C��AD���
����(G�$!5OF'��A)8?"���8�AD�� �������
����(>( #%�><���� ��� p � � C?I_!2�BO*����+X���. ��B:02X �� T%!202�8A ������C

)+02XZ��!2����(S�UCS��1/.  *���/./0"����( y C5|t~���������C }d�>#/#%021 <v�'XZ����1/02XQ��02. <��b����<�B@��1?�8�:021.�^B:��14��#%A/0"��!20"����C !9	
�����&%'��(��C	  ��)�C	2(h~����bn H'~��>� p H'~����?C

)+02XZ��!2����(?�UC"(� *���/./0"����( y C"(G��1/. � ���/!"��1 ������( 
NC;|t~�� ��� �?��Co}d��1?�8!"���/� O #%�>��������1/�*��1/.:B:�><�B:�NX�A/��BUT;�����
�>�	�'XZ����1Q��02. <����+n'���'02. ��1/XZ�^[l�8��B �8A � �^B:��1-��#%A/0"��!20"����C����A)��$��G�����&%'��(��)�*"&��  ��)�����AD"+�?(a��n ����� p�'~��'C

)+02XZ��!2����(e�UC"(  *���/./0"����( y C"(Y��1/. St!2. ��[l��1/����(! +C|t~���� ���?��C@c^0 ��� �o�>��������1/�_021wc^02�>#%0"���+T;��1 ���>�8A �^XZ����1/02X
%502. <�����norFA � �^B:��1 �+#%A/0"��!20"����C St1 %F&���1e(J}RC �kC"(o��./0"������(U�����QO����*"6F?(��+�0�+Q>� (o#%�><���� ��� p ���GC�+X���. ��B:02X �S�8���8��($St1/X>C

)+02XZ��!2����(?�UC"(  *���/./0"����( y C"(?��1/. St!2. ��[l��1/����(  +Ca|t~���� ��T;��CY,S�'02. ��1/XZ�F[l�8��B �8A �&�^B:��1@��#%A/0"��!20"���	[l�����XZ�80"���
B:��1?�8!"�U� #EO*��!2!2021 <NT;��1 ���>�8A$�`[\�����5��#/�8����./021 <`��02. <�����CMZ@���8�A��Z( � � �bn �'~ p ���GC



��� � �����������
	�����������

)+02XZ��!2����(	�UC"() *���/./0"����( y C"(F��1/. St!2. ��[l��1/����(  +CU|t~�����H���C �S�>��02�>T%!"�9XZ���/���8��!^�8A/02X �'1 ���8�b021��8A � �^B:��1
��#%A/0"��!20"���`n/02B@#%!202X��>�80"��1-[l���F�8A �_�'XZ����1/02X_XZ���/����C"!9	 �����&%'��(��C	  ��)�C	2(h~�� ~@n2~��>� �/~ p ~��>���>�'C

)+02XZ��!2����(o�UC"(� *���/./0"����( y C"((St!2. ��[l��1/����(  +C"(J��1/.  V��!2!L(k,FC	| �>�������?��CP�+X�XZ�8���80"��1P��[&�^B:��14��1/.PD+1/0"����.
,B:0"���>�����S��#%A/0"��!20"���*ik./02�8X��/�8�80"��1N��[e�U1 � O �������/XZ�8� ����!/B:�>#YC-���AC	 �����&%'��(��C	  ��)�C	2( �'~�| ��� �G�	n2~�� � p~��>�GC

)+02XZ��!2����(J�UC"( � ���/!"��1 ������( 
NC"(� *���/./0"����( y C"(J��1/.=}d02�8������0L(o}RCF|t~�� ��� T;��C=jG�����/XZ�8� ����!*B:�>#/#%021 <w021O�8A �
�^B:��1b��#%A/0"��!20"�����+n%B:��1?�8!"�_./02�>#%0"��02�8B ��!"��1 <���1b�'XZ����1/02XI��02. <���C@�!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n ��� p ��HGC

)+02XZ��!2����(o�UC"( y �8��&'./0"����( � C"( 
+�'./�>��.e(o}RC"(J��1/. �S���/X�A � (�(J�UC	|t~���������CO}d�><�B:�vX�A/��BUT;�����`�>�N�'XZ����1/02X
��02. <����^n%A � O{!2�>�8<��ox �������
����(>(��'~@n ��� p ��HGC

)+02XZ��!2����(>�UC���1/. St!2. ��[l��1/����(  +C/|t~�����H���C y !"� OzB@��X�A/��1/02�8B ��1/.N�'02�8XZ���80"�m&U021UT%���8��!"�802X*B:�><�B:�^X�A/��BUT;������C
�����&%'��(��C	  ��)�C	/�/�C�*�#	2( ���Qn �>� ~ � p �>� ~�HGC

)+02XZ��!2����( �UC"(@St!2. ��[l��1/����(� +C"(
 *���/./0"����( y C"( � ��1 ��0"��( �NC"(/��1/. St�8B:��02!L(2, C
 +Ch| �>�����>T;��Cc^0 ���_./02������0"T%� �80"��1
021Q�8A ���^B:��1'imD+1/0"����.b�5���>Td,B:0"���>�����	��#%A/0"��!20"����C ���AC	������&%'��(��C	� ��)�C	2( �'~�| ��� �G�_n ��H�� p � � �?C

)+02XZ��!2����( �UC/��1/.E����X �'����1e(%}RCh|t~�� � ����C3+0"<�AQ����B@#;�����>�8� �8�I./0 �����V021-#;����02. ���80"�����+n'����0"<�021-TG&-A?&'. �����/!202X
[l����XZ�8� ��021 < C"!9	 B �C��AD���
	2( � �$n2~ ��� p �>�PHGC

)+02XZ��!2����(;�UC;��1/. �S��021+(�A ��[l����(%�UCJ|t~�� � ����C � �/BN�/!2�>�80"���_���^�8���802./�/��!e����0"<�021d[l���+�8A �N������1/�80"�80"��1�(���1 �@021
��#%A/0"��!20"�����^najG�����/XZ�8�/XZ�8� ����!;���'02. ��1/XZ��C�!9	 B �C��AD���
	2( � �%| ���In2~ ��� p �>�PHGC

)+02XZ��!2����(��UC"( %F��� T;����( S C"(���1/.  *��1/1e(�I@C |t~�� ��� XW��Ce� 1 � O=B:�><�B:�IX�A/��BUT;���SB@�'. ��!GT%������.`��1@�������/XZ�8� ����!
���8�/./0"���	021Q�8A ���^B:��1Q��#%A/0"��!20"����C@�!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n � � p ~����GC

)+02XZ��!2����(?�UCG��1/.
�^0"��!"��������(�� C y C;|t~�� � ����Ck}d��1?�8!"���/� O��>��'XZ����1/02X5��#/�8����./021 <_XZ��1?�������5n?B@�'. ��!2�S. ����0"����.
[l�8��B ��#%A/0"��!20"������C@�!��"��#��$!�&%'��(��)�*"+� ( � ~@n �'~�� p �����GC

)+0"��!2����1e( %_C � C"(Gc^���'02./����1e( �kC }RC"(G��1/. 
+�8�W����( rIC � C;|t~�� ��� ��C �S&G�8��]'��1 �ZimB@��!"���EG�/02!20"T/��02�NnG��1-� #e./�>����.
B@�'. ��!LC@YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2(k~����bn ��H'~ p ��� �GC

)+0"��!2����1e( %_C � C	��1/.�c^�/1 <���1e(F}RC	�UC_|t~�� � ����C � � O #/�8���8�8� �8�wB:021 ������! imB@��!"�:��EG�/02!20"T/��02�9021�1/�>�8� ����!
��1/A?&'. �8���/�	B:�  X_��&'������B:��C@YU��$'��A)�#J�	R�:��$��+A)�
	 B �C��AD���
	2( � �dn �'~�� p ����HGC

)5��!2��1e(ajaC � C"(aj ����!"����1e( �kC?, C"( � !202�8����!2.e(� +C �kC"(%��1/.wj'B@� O5021 < (?� C/cNCk|t~����>�?��C	}d����������02X�A/02��1$���:���>��!"&
�����8�802�>�8&N�������>�80"<����>#%A?&U��1/.N#%��!"����<�����<����>#%A?&N��[%�8A � � ��1?������!'��1/.@)5���8�8A ����1��^B:��1@}$���/1?�8��021/��C St1
%F��T;���8�8����1e(/�UC/3UC y C"(;jG���>��!"��(%}RC �kC"(/��1/.�%50"����( �UC � C"( ��./0"��������(M�-�9�G�������
����(E�$!5N�!��"��#��$?�*"+�>�<;
���9�G.�QO�$� ��#���*��$/(/����!2�/B@� �?�`��[@�-�9�G�������
�����*"&��RF!��"C�#�C��(GF�%?��"C�*���%!8'J+� �*"&����*��$/(%#%�><����)�?��� p �'~ �GC
 V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

�^��T;����1e(h,FC y Co��1/.Prk��0"��(ocNC� +C	|t~���������CRrFA �-��&'������B c^0"��#%�802. � pGy ������������0"��� p �+1 ���8�8A/0"����C�]1Q��+AC	�!��
F!"C�*	2( �o�>�8� �Qn �/~ � p � ���GC

� (�� OV�'(�I@C"(;}$��&�����( �kCejaC"(%��1/.  V!"�G��B@����(;jaC%3UCo|t~����'~W��C+}d021 ������!"��<�&b��1/.$���Z]'�8� �8���F��[S0"�8��1'iu�80"�8��1/02�/B
��] 02. �+<��>T/T/�8���*��1/.-���8���'X�02�>����.-��!20"�'021 �	<��>T/T/�8���[l�8��B 35��!"� � ���# +CNSt1
�J��1'im35���8��1e(+%_C �kC"(+%F��T%021'i
����1e( �kCarIC"(a�+./��B:����1e(a�UC � C"(  *��X ������( I@C"(  V!"�G��B@����(;jaCa3UC"(aB:�>�8A/02!2. � � ��1/1/�>��(ac^02X �a(;3UC�� C  +C"(
35����B:B@����B:��1/1e( %_C y C�I@C"( 
^�>��.e( 
NC"( 
+��!2. T/�8��< (�cNC"(?35���8T;���8��( %_C"(�35���8����<���1e(2� C 
NC?3UC"(�35��� �'021/��(3UC"($SM�8� ��021 � ( 
NC"(?I_���8����1/���>��('� C cNC � C"(/��1/.6II��B@#/����1e( �kC/cNC"(/��./0"��������( B AD��")�&��5���$2�\�<;4���9��.�")���$
�4A)����� ��$2� B AD����AD�Q>S F!"C�#�+$'��� �M"� ��)�)8�� ��� ('����!2�/B@�`~�~ � ('#%�><���� �/~ p � �GC � ��!2!"��<��_jG�8�>�80"��1e('r�� | �^XZ����1
c+��02!2!2021 < �S�8��<�����B-��C

�o��!2!202��������(9� CajaCY|t~�� � ~W��C	jG�����/XZ�8� �8�^��[h�8A �_�8A ��������.$. & ���_XZ��B@#%!"�Z]-��[k�8A �Uj'��B:��02!;��#%A/0"��!20"���+1 ���>�;SMT/���'(
�^B:��1eC"!9	 �����&%'��(��C	  ��)�C	2( � H | �G�^n ��H�H'~ p ��H�� �GC



�����������
	����������� ���=�
�o��!2!202��������('� CejaCk|t~�� � �G��C �o�>�8��1?�^B:�><�B:���5��[o�8A �@j'��B:��02!e��#%A/0"��!20"����( �^B:��1eC�St1 
^���8��('S C 
NC"( � 0"#/#%�>��.e(

jaC�� C"(a��1/.vj'A ��!"����1e(a�UC', C"(a��./0"��������( ./%'���*��� ���0�)�O�$!5N.�")���$?�*"@�����������#%'�9�+A��Z(Y1G�/BUT;���U~ ��021drFA �
+����!"��<�02X���!ojG�'X�0"���m&djG#;��X�02��!a#%� T%!202X��>�80"��1e(G#%�><����1H�� p �7�'C! V!2��X �EO*��!2!h�8X�0"��1?�80  X+#%� T%!202X��>�80"��1/��C
�o��!2!202��������(!� C;jaC%��1/.d35��#%����1e( � C%�UCo|t~�� � �?��CIj'��B:��02!e��#%A/0"��!20"���_B:�><�B:��X�A/��BUT;����('S S C%,S�'02. ��1/XZ�_[l�8��B

�8A �_XZ�8&G#/�802X^�>�>��02�>�80"��1b��1/.bB:021 ������!;X�A ��B:02�����8&�CSt1 �o��1/��&'0"�������e(%�UC"(/��./0"������(U./%'���*��� ���0�)�&S B AD��")�&���
5���$2���WT&$'�0�+A)$!����*��$!�� ./%'���*��� ���0�4F?(�QW%9���)��8�Q`( #%�><���������� p ���PHGC 
+����!"��<�02X���!hj'� �8����&:. ��#%�>�8�8B@��1?�*��[
� &G#/���/��C � &G#/���/��(;~����>�GC

�o��!2!202��������(�� C+jaCF��1/. 35��#%����1e( � CF�UCN|t~�� � ~W��C j'��B:��02!^��#%A/0"��!20"���w#%!2� ����1/02Xw�8�/0"���=n  ��!2. �8��!2�>�80"��1/��(
#%A/�����I�>�>��02�>�80"��1/��(/XZ�8&G#/�802X^�>�>��02�>�80"��1b��1/.$!2��&�����021 < (/��1/.$�:B@�'. ��!;��[o�:��#/�8����./021 < %502. <��_B:�><�B:�
X�A/��BUT;����C�!9	 �����&%'��(��C	  ��)�C	2( � H | �G�^n ������� p ��H � � C

�o��!2!202��������(�� C>jaC7��1/.@I_1/0"<�A?��( %_C�� C'|t~�� � ~W��C�%5�>�8�Zim,�>�8�8AN��!"��B@��1?�h<����'X�A ��B:02�����8&I��[ �8A �	j'��B:��02!���#%A/0"��!20"���
1 ���>�;SMT/���'( �^B:��1eC"!9	 �����&%'��(��C	  ��)�C	2( � H | �G�In ��H�� � p ��H�� � C

�o��1768���8� OV�>�FO*��1 < ( �`C"(5c^��1?&'�/�8A ���'� �G&�( � C��NC"( � ��� OF[l����.e(	�UCW� C"(F��1/. 3+�>�8��02��( I@C � CU|t~���������C �+1
�Z]'#;����02B@��1?�8��!*���8�/. &v��[F�8A �-���;��XZ�8�`��[5B@��!"�NXZ��B@#;���80"�80"��1R��1P#%!2�><�0"�'X�!2�����ZimB@��!"�U��EG�/02!20"T/��02�Q�>� �
��1/.$~�� �GT%�>�Fn?02B@#%!202X��>�80"��1/�k[l���S�8A �F����0"<�021@��[eB:�><�B:�>�802XFA/0"<�A'im�+1`#%!2�><�0"�'X�!2������C YU��$'��A)�#J�	!�:��$��+A)�
	
B �C��AD���
	2(k~�~ � n � �>� p � ���GC

�o�>� �a( �`C	��1/. }$����1/��(�, C	cNC_|t~�����H���C c^0"�8��XZ�Q��T%�����8�>�>�80"��1���[U. ��[l����B:�>�80"��1�#/�8�'XZ���8�����b021�XZ�8&'���8��!
BN�/�8A ����C"!9	RF'��A)8?"��#	��������
	2(k~ � |*H��^n � � � p � � � C

�o�>����������1e(*jaC�%_C"( II��1/1 ���8A'i y � O5!"����i ����C"(JrIC"(*j'X�A/B:02. ��(�I@C � C"( �S���8A/021 ��T%�e(o�UC*jaC"( ��/��1e(S,FCjaC"(J��1/.
}d02!2!"����(+%_C
 +Ck|t~���� � ��C�St1?�����8#/�8���8021 <:B:�><�B:�>�802XI[\�>T/��02X+#%�>��������1/�5021Q#%!2� ����1/��C ����������� (
� �dn ��� p � �GC

�k���>��XZ��(�� C?�UC%|t~�� � �?��C 
+���'X�A ��B:02X���!/���'02. ��1/XZ�	[l����8A �	<���1 ���802�S��1/.@����� #/�80"���F�������8021 <I��[e!2���>���S[l�8��B rh�Zi
�8A?&���1-��#%A/0"��!20"������C St1 �o��1/��&'0"�������e( �UC"(G��./0"������(�./%'���*��� ���0�)�&S B AD��")�&��5���$2���1T&$'�0�+A)$!����*��$!�� ./%'���*��� ���0�
F?(�QW%9���)��8�Q`(a#%�><���� ��H'~ p ��� �GC 
+����!"��<�02X���!oj'� �8����&Q. ��#%�>�8�8B@��1?�F��[ � &G#/���/��C � &G#/���/��(e~����>�GC

�k���>��XZ��(-� C%�UC"(a�+!2�>T%����������(arIC"(ej'A ��!"����1e(%�UC', C"(;��1/.vjG���>��!"��(a}RC �kCo|t~�� � ~W��C+rFA ���^B:��1$��#%A/0"��!20"���_���
�bXZ�8���8��XZ�����/�N�>��X iuT%���80219XZ��B@#%!"�Z]Pne���'02. ��1/XZ�@��1/.902B@#%!202X��>�80"��1/��C B �����
	4�9AD�$9�C	MAC	MF!��" 	 �-��$!5P��$/(�>���$n ����� p �'~��?C

�k���8��021e(*}RC"( �!"��1/0"����( 
NC"( � �'X��/���/.e(M� C iM}RC*cNCV,FC"(*��1/. �S�'H��������(5}RC^| �>�����?��C %F���8�>�80"��1 ��[I�8A �9jG�Zi
B:��02!k��#%A/0"��!20"���b| �^B:��1a�_nY��././0"�80"��1/��!h#%��!"����B:�><�1 ���802X@./�>�8�Q[l�8��B��8A �`����!2X���1/02X@����EG� ��1/XZ��C ���AC	
�����&%'��(��C	  ��)�C	2( �'~�| ��� �G�In2~ � ~ p ~�� � C

�k���8��021e(V}RC"( �S�8��������(F}RC"(	��1/.  *��� ���8��( y C_|t~���� �G��C %F���8�>�80"��1 ��[_�8A � �^B:��1���#%A/0"��!20"���d��1/.�021/0"�802��!
!"�'X��>�80"��1b��[o�8A �I��02. <��_021Q�8A �_A ���8��#;���F�8��[l���8��1/XZ�I[l����B@��C �!��"��#��$!�&%'��(��)�*"+� (������bn �'~ p � �GC

�k��������(JrICk��1/. II����B@����(�� CocNC	|t~���� �G��C � A �8��B:0"���-. ��#;���80"�8�U021R�8A �-��#%A/0"��!20"����XZ��B@#%!"�Z]R��[51 ���8�8A ����1
�^B:��1eCM�:��$��+AD��
	�� �0%9���)���#>(;�Qn ����� p �����GC

�k����������(JrICk��1/. I_��BUT;����(  +CSjaC	|t~���� �G��C �k������!2�/B:021 ���/��(e#;���8���8�802�/B`iu��02X�AR<�����1/0"����02./�N021R�8A �$jG��B:��02!
��#%A/0"��!20"����C4YU��$'��A)�#J�	/�:��$��+AD��
	 B �C��AD���
	2(k~�~ � n ����� p ��� � C

�k����������(/rIC ��1/.$}$����XZ��!2!20L( S CY|t~���������C y ����B:�>�80"��1$��1/.-������!2� �80"��1Q��[k�8A �_}d���80"����AQ��#%A/0"��!20"���`|uj'�/!"�8��1/�>���
��[ �^B:��1a��C4. �M��� �����l( ���Qn2~ � p � � C

�k����������(	rICV��1/. }$����XZ��!2!20L(�S C^|t~���� � ��C ,J]'���8��B@��!"&z�8A/021z�'XZ����1/02XvXZ���/���-021 �8A �w#/�8�����>im02./02��1 �'XZ����1 n
���'02. ��1/XZ�I[l�8��B �8A �N}d���80"����AQ��#%A/0"��!20"����(%j'�/!"�8��1/�>���_��[��^B:��1eC"!9	 �����&%'��(��C	  ��)�C	2(h~����bn H���� p H � �GC

���%�/B:0"� ( � CY|t~����'~W��C,S�'02. ��1/XZ�^[l���	#;��!"&G#%A/������.��'XZ����1/02X^��!"�������>�80"��1Q��[k�8A �^�Z]'�����/�80"���I����EG� ��1/XZ�I��[h�8A �
jG��B:��02!o��#%A/0"��!20"���@[l�8��B �8A �Qj'��!2��A/0oT%!"�'X �=|\1 ���8�8A ����1 �^B:��1a��C St1 �k����������(krIC"(h)+02XZ��!2����(h�UC"(h��1/.
� ��!"��B:��1e( %_C�
NC"(7��./0"��������(!./%'���*��� ���0� �2�+$��)�)�3� �$!5 �+7���� 89���*��$6�<;����9�W��")���$?�*"W� ���������#%'�9�+A��Z(�����!2�/B@� �
��[ B �C��AD���
����(E�$!5GF'��A)8?"���8�AD����������
����(>(%#%�><���� �'~ � p ���'~>C I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C



��� � �����������
	�����������

�!2�>����!L(�� C i �kC5��1/. %F��<�����(W� CU|t~�� � ����C ,S����!2� �80"��1 <kH���'. &'1/��B:02EG� �9./� c^A ��[\�>�P|uj'�/!"�8��1/�>�b.eK �^B:��1a�
#;��1/./��1?�5!"� � �'H���8��X%H�:���^!"�Urh���8�802��0"�8�U��1d�8��!2�>�80"��1w������X`!LK ��� �����8�8� �8�N./�$<���!"[l�N.eK �+. ��1eC���8����
	UF!��" 	
�������
	���AD�$!")�Z( � | ���^n ����� p ��H��GC

�S�8���81/��!2!L(�cNC � C"(7c^0 ]'��1e(�� C %_C"( �NK c+��1/1 ��!2!L(WrICW3UC"(7��1/.Uc^0 ]'��1e(>jaC7�UCG|t~����>����C 
+��1 �����>�80"��1U��[/}d02.'iu�'XZ����1
��02. <��_rFA ��!"��020"������C�!9	 B �C��AD���
	2( �>�bn � p ���GC

�S�8���81/��!2!L(�cNC � C"(Gc^0 ]'��1e('jaC?�UC"(Gc^0 ]'��1e(�� C %_C"(+�NK c+��1/1 ��!2!L(?rIC?3UC"(� *�8��1/1 ����(?)UC � C"(G��1/.Qj'X�A �8�'X �a(�%_C � C
|t~���� � ��C � 02EG�/02./�/�F#%A/�����`�8��!2�>�80"��1/�+��1v�8A �+6���021vc^0"��#%�802. �Zi y ������������0"���Zim�+1 ���8�8A/0"���`[l�8��B ~`�>�8B ���
�>���GT%�>�`na�8A ��0"�+T;���>��021 <���1w�8A �N<���1 �����>�80"��19��1/.wXZ�8&'���8��!2!20 (��>�80"��1d��[T%���8��!"�802XUB:�><�B:�'C YU��$'��A)�#J�	
�:��$��+AD��
	 B �C��AD���
	2(�H�HQn �>��� p ���>�'C

�� �80"� �>�'(�I@C;|t~���������C � !2021 ��#G&G�8��] ���1 ��� !202EG�/02.N��EG�/02!20"T/��02�+���Q~���� �GT%�>�V��1/. � � �>� ��I@CWYU��$'��A)�#J�	��:��$��+A)�
	
B �C��AD���
	2(k~ ���Qn2~ �'~ p ~�H��GC

� �/�>���8���>���'];( y C%|t~���������C;,S�8�/. �V#VH�����8��!"��<�02EG� �F. ���o#VH����02. ���80"�����J. ���SB:���8�80"[\�o. �F}d��EG�8��.@���S. ��,R�/E?T%��Ae(
��#%A/0"��!20"���I.eK �^B:��1a��CSrFA ������U.eK �/1/0"�������80"�GH��CSD+1/0"�������80"�GH�U. � �o�>��02�"� S S ( ����H@#YC

� �/02X �a(R� Ck,FC*|t~�� � ~W��CwrFA �:����0"<�021R��1/.O�80"<�1/0  X���1/XZ�:��[F!2�>�8<���(h�8�>T%�/!2�>�U./�/1/0"���@T;�'./0"���_0219�8A �-rF021/0"�m&
#;����02. ���80"����( )5���8A ����1 � ��!20"[l����1/02�'C=YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2( � � n �/~ � p � ���GC

� �/02X �a('� C%,FC/��1/.$c+��1/!2021 <�����(
%_C �kCk|t~���������C	c^�/XZ�802!"�_. ��[l����B:�>�80"��1$��1/.b�8A �_����0"<�021Q��[J!2��&����8��.$<��>T/T/�8�
021Q��#%A/0"��!20"������C�!9	 �����&%'��(��C	  ��)�C	2(a� � n2~���� ~ � p ~���� ���?C

%5�>T%021 � O502X�(�(J}RC"( � ���/!"��1 ������( 
NC"(J��1/.P)+02XZ��!2����(J�UC	|t~�� � ����CP}$��!"�@����<��8��<��>�80"��1=��1/.P�����8A ��1 ����#%A ����02X
�/� O 0219./02�>#%0"���+T;��!"� O ��#/�8����./021 <bXZ��1?�������:nY���'02. ��1/XZ�@[l�8��B �8A � �^B:��19��#%A/0"��!20"����C !9	V�����&%'��(��C	
 ��)�C	2(a���Qn � � � � p � � � HGC

%5�>T%021 � O502X�(�( }RC"(')+02XZ��!2����( �UC"('��1/. �^0"<�1 ���8���8����(9� C � Ce|t~�� � �G��CS� �8��!2!2021 <UB:02!2! ���;��XZ�F021-�����8A ��1 ����#%A ���8�
T;��1 ���>�8Ab�'XZ����1/02X_��#/�8����./021 <@XZ��1?��������C�X��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(!H��-n ��� p ~�� � C

%5�>T%�e(-cNC"( � �ZiM} H������� ��(\� C"(  :H��X�A ��1/1 ��X>( y C"(  *��� �8��0"����(-}RC"( �^02!2!"��&�(-}RC"(Q��1/.  *��� ��./02!2!"��1'�����/. &?i
c+� 
+��02�8�8��X>( � C^|t~����>�?��C jG��./02B@��1?�8�>�8&=����#;��XZ����[_�8A �d���>im��!"#%021 �wXZ&'X�!"�d��1 �8A �w)5���8�8A ����1 ��. <��
��[;�8A �5�>���>T%02��1@#%!2�>��[l����B | �^B:��1�}$���/1?�8��021/��C*St1�%F��T;���8�8����1e(?�UC?3UC y C"('jG���>��!"��(G}RC �kC"(G��1/.�%50"����(
�UC � C"(>��./0"��������(/�-�9�>�������
����( �$!5E�!��"��#��$?�*"+�1�<;����9�>.�QO�$
 ��#���*��$/(�����!2�/B@� �?�+��[��-�9�>�������
�����*"&��
F!��"C�#�C��(�F�%?��"C�*��9%!8'J+� �*"&����*��$/(%#%�><����)�?� p H � C! V!2��X �EO*��!2!oj'X�0"��1?�80  X �� T%!202X��>�80"��1eC

%5�>T%�e(ecNC"(h)5��A/!20"< (��kC"( %F��<�����(/� C"(  :H��X�A ��1/1 ��X>( y C"(  *��� �8��0"����(Y}RC"( � �ZiM} H������� ��(�� C"(  *��� ��./02!2!"��1'�����/. &?i
c+� 
+��02�8�8��X>( � C"(orh��<�&���&�(*}RC"( � A/��� ����!L(�� C i � C"( � ������!20"����( � C"(o�'(���0L(o3UCJ�UC"(U��� �������e(JrIC"(U����176����e(
cNC"( � ��B:0 ����8��(  +C"( �^02!2!"��&�(%}RC"(%��1/.E,�&'1/��( %_Ch|t~���������CVF'��AD����
��AD&%'��( �$!5��+��A)8?"���8�A�� �<;@���9�G.�QO�$
QO��8�$'�#���$9� C*)+�/BUT;��� ���'~U021bc+�'X��/B@��1?�5./�� % 
I}RC;}d�>��021G�/� I_!2� &G������C

%5���>��� ��( �kC"(� V��&�����(�%_C"(S3+���8�8��1/0L(�%_C"(�%F���/�8������(ScNC"(S��1/. ���A?&��'K ��&�(V�UCS�UC5|t~���������C�jG�����/XZ�8� �8�b��1/.
������!2� �80"��1$��[J�8A �N1 ���8�8A ����1$�^B:��1dB:�>�8<�0219n%<������'0"�m&d��1/.d����02�8B:02XIXZ��1/��������021?�8�5�W�����^�8A ���;�><��8���ti
}d�	�G����1'i �^B:��1$XZ��!2!202�80"��1 (���1 ��C �!��"��#��$!�&%'��(��)�*"+� (����>�Qn ����� p � � �'C

%F��<�T%�'(S}RC"(S�5<���021/0"����( �kC"( ���%�/B:0"� ( � C"(J��1/. � ��� T;����(J}RCF|t~����'~W��C4� <����'X�A ��B:02X���!F���8�/. &9��[+�w[l���ti
�802!e�'XZ����1/02XUA?&'. �8���8A ����B:��!Y./02�8X�A/�>�8<���(���1 �N021$�8A ���^B:��1$��#%A/0"��!20"����| �;�/A/�:�8�/!"#%A/02. �+#/�8����#;��XZ� �+n
���'02. ��1/XZ�U[l���^�:#;��!"&G#%A/������.$A?&'. �8���8A ����B:��!hA/02�������8&�C;St1��k����������(;rIC"(a)+02XZ��!2����(;�UC"(a��1/. � ��!"��B:��1e(
%_C 
NC"(;��./0"��������(�./%'���*��� ���0�@�2�+$��)�)�3� �$!5 �+7���� 89���*��$ �<; ���9����")���$?�*"O� ���������#%'�9�+A��Z(Y����!2�/B@� �:��[ B ���
��AD���
����(\�$!5GF'��A)8?"���8�AD����������
����(>(%#%�><���� ����� p � � � C I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C

%F��021/A/�>��. ��(  +C�}RC |t~���H�����C!�^1U�8A �*<���1 ���802�k��1/.U��B@#%!2��XZ��B@��1?�k��[/��#%A/0"��!20"�����h021U�8A �)�^B:��1U<�������&'1/X�!2021 ��C
F?LM�+� ��	/�:��$��+AD��
	 B �C��AD����AC	R�:���*�#	2(+�?�Qn2~ p �>�'C

%F��� T;����(JS C*|t~�� ��� ��C � ��B@#%!"�Z] 0"�m&w��[	�8A �-XZ���/���8��!����EG� ��1/XZ�-021R1 ���8�8A ����1 �^B:��1R��#%A/0"��!20"���d| y 0 (�AO��1/.
����� �8A ����1$�+� OV��.bT%!"�'X �/�5n/�8A �I���;��XZ�5��[o���>��!"&Q�8!202X�021 <SxK�!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n2~ ��� p ~�H��GC



�����������
	����������� ��� �
%F��� T;����(NS C5|t~����'~W��C 
+����B@�����8&4��1/. �/� O #%�>��������1=��[5�8A �b#%!2� ����1/02X�����EG� ��1/XZ�b��[5�8A �dj'��!2��A/0	}d���8�80"[

|\)5���8�8A ����1 �^B:��1Q��#%A/0"��!20"���7�Ji� ����&Q���:. ��X�0"#%A ���F�8�/X�XZ���8�80"���_B:�><�B:�>�802XI������1?�8��CRSt1 �k����������(%rIC"(
)+02XZ��!2����(J�UC"(J��1/. � ��!"��B:��1e(�%_C 
NC"(o��./0"��������(V./%'���*��� ���0���2�+$��)�)�3�E�$!5 �+7���� 89���*��$ �<;E���9�\��")���$?�*"
� ���������#%'�9�+A��Z(/����!2�/B@� �_��[ B �C��AD���
����(6�$!5 F'��A)8?"���8�AD��M�������
����(>( #%�><���� � � p ~����GC!I_!2�BO*���V�+X���. ��B:02X
�� T%!202�8A ������C

%F��� T;����(@S C"(;)5��A/!20"< ( �kC"(;��1/. ��� �������e(;rICo|t~����'~W��C^�F] 02��!h����<�B@��1?�8�>�80"��19�>�+��[l���8�802!e�'XZ����1/02XN��#/�8����./021 <
XZ��1?���8�`021b�8A �N3+��&'!2��&'1wT%!"�'X �R|ujG��B:��02!h1/�>#/#;��( �^B:��1a�^n%�#�aim�7] 02�+B:��1?�8!"�N./02�>#%0"�F��1/.d��. �>��1/X�021 <
��02. <��I�80"#YC�!9	 ������5�(�$!	2(o~ �Qn ����� p ��� � C

%F��&'1 ��!2./��(-� C %_C|t~���������CEF��#��Q��+$'� � F!"&�� �OF?(��+�0�+QO����*"+�G�<;>�:�*5 �+.�")���$  ��*5��2�>�����QO����3�)Q �$!5 ����� �
"+�9�+Q �3�+��A)(>C �A/c �8A ���802��( � ��!2�/BUT%02�ND+1/0"�����80"�m&�C�� � �7#YC

%F��&'1 ��!2./��(�� C�%_C?��1/. � ��1 <�BN�/0"��( � C?3UC;|t~���������C �k�����8��!"��<�02X���!a��&'������B:�>�802X����[e�8A �^}d02.'im�V�8!2��1?�802X)%502. <��
����� �8AQ��[RI_��1 �`n StB@#%!202X��>�80"��1/�[l���	�'XZ����1bXZ���/���V[l����B:�>�80"��1eC !9	������&%'��(��C	� ��)�C	2(Y~�� � |  ���^n2~��?�'~ � p~��?� ��HGC

%502X��>�������e( %_C���1/.�%502X�A*H��(��kC�3UC/|t~�� � �?��C 
+����!"��<�&N��[/�8A �F}d�/�8�8��1/./��B{#;��1/021/�8�/!2�U|uj'�/!"�8��1/�>���*��[ �^B:��1a�
��1/.$0"�8�F�8� �8�8���/1/./021 <���C�!9	 B �C��AD���
	��������
	2( � | ���^n2~ ��� p ~ ���GC

%502XZ���e( � CW,FCG|t~���H � ��C/j'� �h!2�	B:02���S��1_#%!2��XZ���� � �'H���8��X%H�	�8� #VH����0"��� �h.eK 02B@#;���8�8��1?�����Y1/�>#/#;��� ��	����./0"��!2�>��0"�����
���F��#%A/0"��!20"�����	./��1/�	!"���5}$��1?�8� �;�><��8���N| SM����1a��C>YU	� =	/]W"&P5P	�F!"C�*	 B �A)�3� ( ��H��-n ����� � p ����� �GC

%502XZ���e( � C?,FC;|t~����G~W��C � �5XZ�8��02�8�8��1?���#%A/0"��!20"�802EG� �*#VH����0 im�>���>T;��(G�/1 �FXZ��021?�8� �8�5. ���1/�>#/#;���SB:02�����J��1�#%!2��XZ�
��� � �'H���8��X%H��j'� #VH����0"��� ��C� ��+7�	����������AD&%'��	 B ��(��C	���������
	��4(�$!	 B �A)�3� (h~ � | ���In ����� p ���>�'C

%502XZ���e( � CG,FC"(� *����1/.e(�� C"(G��1/.  *���/1/1e(2� CG3UCe|t~���������C �/���R���AD��� ('����!2�/B@� � (G#%�><���� ��� p ���GCo}$��BbC'35�����
�GH����0"�`jG�'X>C 
+����!LC y ����1/XZ��C

%F��T;���8�8����1e(G�UC'3UC y Ce|t~�� � H���C 
+���'X�A ��B:02X���!a���'02. ��1/XZ�5[l���*�8A �5����0"<�021:��[Y!2�>���^rh��02���802XFB@��!2��1 <��+�/1/0"�8�021
�8A ���^B:��1w}$���/1?�8��021/�+���^���8B:��!2!Y�'XZ����1?T%���8021d[l����B@��.dTG&$XZ��1?�8021 ��1 ���8��!h��0"[l�8021 < C1X��A+��� B �
�$��C�#	
F!"C�*	-�/�C�*�#	2( ���Qn �'~ � p �����GC

%F��T;���8�8����1e(�UC3UC y C^|t~�� � �7�?��C rFA �$������1/�80"�80"��1=[l�8��B �R#%���8�80"���dB:�>�8<�021=���P��1 � #/#;���:XZ�8���8��XZ�����/�
[l���8��!2��1/.wT%���8021d�8��!2�>����.w���b��#%A/0"��!20"���U��B@#%!2��XZ��B@��1?�I021w�8A ���^B:��1vB@���/1?�8��021/��C\�������
	MF!��" 	U]1QO	
��8����
	2(%���bn H���� p H����GC

%F��T;���8�8����1e(o�UCo3UC y C	|t~�� � �WT;��CRD5#/#;���`XZ�8���8��XZ�����/��}d� �80[l����B:�>�80"��1�nk������1/�80"�80"��1O[l�8��B �vB@����� (���02X
1/�>���I#%!2�>����[l����B����:�`[l���8��!2��1/.-T%���8021Q021-�8A � �^B:��1QB@���/1?�8��021/��C�F���5���Q��+$'�#���
����(>( � �bn2~�~ ��� p ~�~�� �GC

%F��T;���8�8����1e(%�UC%3UC y C%��1/. y !"������(%�UC�� Ch|t~�� � ����C 
+���'X�A ��B:02�����8&b��1/.b#%��!"���>iu�'XZ����1 ��<����>#%A?&b��[JB@���8��!2!20 i
[l���8���/�F��1/.b#;��!2�><�02X^����./02B@��1?�8�	[l�8��B �8A �_!2�>���UXZ�8���8��XZ�����/� �^B:��1b��#%A/0"��!20"����C=. �M��� �����l(h~ �Qn � � � C

%F��T;���8�8����1e(a�UCa3UC y Ca��1/. ,9�G�'./XZ�'X �a(;)UC;3UCo|t~�� � �>�?��C 
+��1 ���802�F��[S�8A �  V�>�8021/��AwB@��!2��1 <��N�>T;�W���N�8A �
jG��B:��02!;��#%A/0"��!20"����( �^B:��1eC"!9	RF'��A)8?"��#	��������
	2( �-n2~ p ~��?C

%F��T;���8�8����1e(e�UCY3UC y CY��1/. ,9�G�'./XZ�'X �a(h)UCY3UC|t~�� � �7T;��C �;�>TG&��>�_[l����B:�>�80"��1e(hjG��B:��02!o1/�>#/#;��( �^B:��1Pn
����./02B@��1?�8�>�80"��1b��1b������1$��B@#%!2��X�021 <`��#%A/0"��!20"����C�F���5���Q��+$'�#���
����(>( �>�bn2~���� p ~�~�HGC

%F��T%021/����1e( �kCarIC"( �J��1'im35��� (���1e( %_C �kC"(;�+./��B:����1e(a�UC � C"(  *��X ������(-I@C"(  V!"�G��B@����(ejaCa3UC"( � ��1/1/�>��(;}RC"(
c^02X �a(h3UCR� C  +C"(h,B:B@����B:��1/1e( %_C y C/I@C"( 
^�>��.e( 
NC"( 
+��!2. T;���8< (YcNC"(h35��T;���8��( %_C"(h35���8����<���1e(�� C
NC?3UC"(?35��� �'021/��(�3UC"(<SM�8� �8��021 � ( 
NC2� C"(PI_���8����1/���>��(2� C�cNC � C"(�II��B@#/����1e( �kC?cNC"(2I_0 �>� OV�'(?,FC"(PI_0"�8TG&�(
jaCY3UC"(k}$��&�����( �kCkjaC"(h)+�>�8!2��1/.e(/� CY3UC"(�� (�� OV�'(RI@C"(��o�>��02��� (R� CY3UC"(oj'XZ������(R� CY3UC"(ojG�8�	������(kcNCojaC"(
��1/.$jEO50"[l��( jaC'�UCY|t~�� � ����C B AD��")�&��5���$2���@�<;=���9��.�")���$ �4A)����� ��$2� B AD����AD�Q>S ��$?�����*�� A��0%9��A+��� (/����!2�/B@�
~�~ � C � ��!2!"��<��NjG�8�>�80"��1e(%r�� | �^XZ����1dc+��02!2!2021 < �S�8��<�����B-��C



� ��� �����������
	�����������

%F�'X�A ��������( �kC"(R����1/�>������1e( � C"(hc^� #%� &�( � C"(  *���/./0"����( y C"(h��1/. %F��� T;����( S C|t~����'~W��CQc^02�>T%�����:./0 �����I��B`i
#%!2��XZ��B@��1?�	021-�8A � �^B:��1Q��#%A/0"��!20"���Un �`B:�><�1 ���802X^[\�>T/��02X+���8�/. & O50"�8A��8��[l���8��1/XZ�I���`<����'X�A ��B:02�����8&�C
St1��k����������(arIC"(%)+02XZ��!2����(%�UC"(a��1/. � ��!"��B:��1e(
%_C 
NC"(%��./0"��������( ./%'���*��� ���0�=�2�+$��)�)�3�@�$!5\�+7���� 89���*��$ �<;
���9�@��")���$?�*"@� ���������#%'�9�+A��Z(/����!2�/B@� �_��[ B �C��AD���
����(G�$!5OF'��A)8?"���8�AD�� �������
����(>( #%�><���� ��� p � �GC?I_!2�BO*����+X���. ��B:02X �� T%!202�8A ������C

%F�G��. ����( �kC � C|t~���� �G��CQ�+XZ�80"�'0"�m&v��[	0"�8��19��1/.9��!20"�'021 �@����!2� T%02!20"�m&$021vT%���8��!"�802X@!202EG�/02./��COX��A+��� B �
�$��C�#	
F!"C�*	-�/�C�*�#	2( ���bn ����� p �/~��'C

%F�G��. ����( �kC � CS��1/.z,B:�8!20"��(�%_C y C+|t~����7�?��C �^!20"�'021 �Zi � 02EG�/02.9,EG�/02!20"T/��02�/BbC ������"+����QO	OYU���)QO��"+����QO	
]W"��#>( ���Qn ��� � p � � �GC

%F��<�����(-� C"(��!2�>����!L( � C i �kC"( � ������!20"����( � C"(;��1/.$ *��� ��./02!2!"��1'�����/. &?imc+� 
+��02�8�8��X>( � CJ|t~�� � ����CU. ��1/1*H�����I1 ���'i
����!2!"���	�8� �	!2�N�������>�80"<����>#%A/0"�+���F!LK A/02������0"�8�5<kH����!"��<�02EG� �U./�Qc^A ��[\�>�U|uj'�/!"�8��1/�>�	.eK �^B:��1a��C ��8����
	/F!��" 	
�������
	���AD�$!")�Z( � | ���^n ��H�� p �����?C

%F��B:��1e(�� C"( %F��<�����(U� C"( �!2�>����!L(R� C i �kC"(o��1/. � ������!20"����( � CV|t~�� � ����C � ���9H��X�A/021 � Q �2. ���U./� � �'H���8��X%H�b���`./�
�o��! H����< ���1 �`./�Qc^A ��[\�>�U|uj'�/!"�8��1/�>�V.eK �^B:��1a�S���F!"���*�8��!2�>�80"��1/�*��1?���8�_!"���*T%���8�8021/�V. �^!LK �'X%H����1PSt1/./0"��1
���5. �_!2�:} H��./0"�����8����1*H����C���8����
	RF!��" 	W�������
	���AD�$!")�Z( � | ���^n ���>� p � � HGC

%F���8��( I@Ce��1/.v,!"�8A ��1e(;cNCS|t~���������C � �/BN�/!2�>�����+[l�8��B �����8��1 <�!"&d. ��#%!"������.9}d02.'i �^XZ����1$%502. <����  V���8��!"��C
Z@���8�A��Z( ��H��bn � ��H p � ���GC

%F���8��(�I@CG��1/.-,!"�8A ��1e(GcNCe|t~���������C � �/BN�/!2�/�S��1/.:#;�����8X��/BN�/!2�/�XZ�8&'���8��!2!20 (��>�80"��1�021:�8A �+�'XZ����1/02X+XZ���/���5n
B:�W6����V��1/.�������XZ�+��!"��B@��1?�*<����'X�A ��B:02�����8&@��[ � ��</~ ���U<��>T/T/�8��02XF�8�'X �'��C St1GI_�>������1e(�� CG�UC"( � ��1/1/�>��(
}RC"('}d02!2!"����(P� C?cNC"(G��1/.�,!"�8A ��1e(�cNC"(?��./0"��������( B AD��")�&��5���$2�G�<;1���9� .�")���$ �4A)����� ��$2� B AD����AD�Q>SUF!"C�#�+$ �
��� �M"� ��)�)8�� ��� (/����!2�/B@�:~ ���G(%#%�><���� ����� p ���>�'C � ��!2!"��<��NjG�8�>�80"��1e(%r�� | �^XZ����1dc+��02!2!2021 < �S�8��<�����B-��C

%F���8A ���8&�( cNC/�UCe|t~�� � ����C�X�7���� 89���*��$:�<;=���9���E8���J���\J+�
��"��O�$!5����9�@&%P%!� �*"&����*��$9� �<;VA��+QO���0�4���+$9�)��$2�O��$
���9�G.�QO�$��&%'���*��� ���0�ZC �A/c �8A ���802��(/rFA � �+#;��1bD+1/0"�����80"�m&�C��/~��`#YC

%F���8A ���8&�(hcNCY�UC|t~�� � ����C�rFA �@T%�����`��[*�8A �:�8A ��������.'im. & ����XZ��B@#%!"�Z];( �^B:��1 �+#%A/0"��!20"����nY02B@#%!202X��>�80"��1/�
[l���5B:�><�B:�:X�A/��BUT;�����5�>�F�'XZ����1/02X_��#/�8����./021 <`�7]'����C !9	 �������
	�F!��" 	/�-��$!5P��$/(o~����$n � � � p ����HGC

%F���8A ���8&�(YcNCY�UCS|t~�� � ���?��C�%F� �/��XZ�8��1/XZ���I��[*��#%A/0"��!20"���U�8�'X �'�_021d�8A � � ��1/./�8�>�_}vj/j$T%��1/./�Nn;�8��!"���>��1/XZ�
����!20"�8A ��!"��<�02X���!eB:�>#/#%021 <`TG&-�8��B@�����U����1/�8021 < C"!9	 �������
	�F!��" 	/�-��$!5P��$/(o~��/~:n ����� p �����GC

%F���8A ���8&�(/cNC/�UCh|t~�� � ��T;��C*rFA �^�8��!"�^��[ � ��1/./�8�>�5}d�/!"�802��#;��XZ������!ej'X���1/1 ���U|L}vj/j/�*02B:�><����8&-021QB:�>#/#%021 <
�8A � �^B:��1b��#%A/0"��!20"����CNSt1 
^���8��(@S C 
NC"( � 0"#/#%�>��.e(/jaC'� C"(/��1/.dj'A ��!"����1e( �UC?, C"(/��./0"��������(U./%'���*��� ���0�)�
�$!5�.�")���$?�*">�����������#%'�9�+A��Z(Y1G�/BUT;���N~ ��021wrFA � 
+����!"��<�02X���!SjG�'X�0"���m&vjG#;��X�02��!Y#%� T%!202X��>�80"��1e( #%�><����
����� p �/~ �GC  V!2��X �EO*��!2!Y�8X�0"��1?�80  X^#%� T%!202X��>�80"��1/��Cj'��X �a( %_C��NC"(U,R��! ������(cNC"(��1/. � �>��B:02X�A/�>��!L(S CjaCS,FC5|t~�� � ����C ,J]'#;����02B@��1?�8��!V#;�����8��!"��<�&O��[I��! �>��!202X
!2���>���$nXZ��1/��������021?�8�:��1 XZ������XZ�802X�����[IBN�/!"�80"#%!"�b�8�>�8� ���>�80"��1z021z1/�>�8� ����!VT%���802X$!202EG�/02./��C YU��$'��A)�#J�	
�:��$��+A)�
	 B �C��AD���
	2(;��HQn2~ p ���GCj'��././02EG�/0L(��NC"( �k��� #;�����e( 
NC"(%}d02X�A/�>��.e( �UC"( 
+�#�5H��(  +C"(/��1/.��+T;����A/��1/�8!20L( %_CY|t~���������C,J] AG�/B:�>�80"��1Q. ���
�8�'X�A ���5BPH���8��B@���8#%A/02EG� ���F3 �Ji  Vr{.eK �^B:��1vn%./�>�8�>�80"��1$#%�>�F������XZ���5. �  �8�80"��1b�8� �)(�0"��XZ��1/��C@YU	� =	
]W"&P5P	UF!"C�*	
S B �A)�3� ( ���>�/| S S8�+n2~�� �G~ p ~�� ���?Cj'X�A/���>[M(��UC���1/.`rFA ��B:����( �NC/|t~�� � H���C � ���o����./0"��!2��0"�8���kX���B@#%��1/0"��1/�o./� OV��./0�%5�><�B:0Y|\1/�>#/#;�V. �5jG��B:��02!L(
�^B:��1a�n��/1@1 ��� �������:�8��# ����8�5X�A �8��1 ��!"��<�02EG� �	. �F!LK ��Te./�/XZ�80"��1N��B:��1/��02����C�YU	  =	']W"&P5P	�F!"C�*	 B �A)�3� (�>��� | S S8�^n2~ ����� p ~ ��� � Cj'X�A/02��1 � ( �kC"( � !"�'X�X�A/02�>���80L( %_C"( � ������1/.e(�� C i �kC"('}d���8�8�>�8��(GcNC"(Gc+��!"���/!"��(�,FC"(G��1/. � A/���/�8�802. ��1e(�}RC;|t~���������C
�S��02B:0"�80"���NT%���8��!"�802X`B@��!"�8�_021/X�!2�/. ��.w021w#;�'./0"[l����B X�A �8��B:0"�����I[l�8��B��8A � �^B:��1v��#%A/0"��!20"����C X��A+���
B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~���Hbn � � � p �?���?C



�����������
	����������� � ���

j'X�A/02��1 � ( �kC"( � ������1/.e( � C i �kC"(>��1/. � !"�'X�X�A/02�>���80L( %_CG|t~���� � ��C�%F��#%!"&+���+XZ��B:B@��1?�hTG&UjaCW�5����0���1 ���S��02B:0"�80"���
T%���8��!"�802XUB@��!"�8�5021/X�!2�/. ��.$021$#;�'./0"[l����B X�A �8��B:0"�����5[l�8��B �8A � �^B:��1d��#%A/0"��!20"��� �@TG&��kCej'X�A/02��1 �����
��!LCMX��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~ ��Hbn2~ �'~ p ~ ���GCjG���>��!"��(?}RC �kCa|t~�� � ����Ce�+!2X���!2021 �V#;����02. ���80"����(>#G&G�8��]'��1/0"���5��1/.`<��>T/T/�8��02X	021?�����/�80"��1/�o021`�8A � �^B:��1:B@���/1'i
�8��021/��C@YU�$!	 !9	-X��A+���\F!"C�*	2( �'~@n ����H p ���PHGCjG���>��!"��(*}RC �kC+|t~�� � ����C jG��EG� ��1/XZ�$��[^�8A ���/���8021 <R��1/.=����0"<�021=��[IX��/!2B:021/�>�80"��1/�@021=�8A �d1 ���8�8A ����1z��1/.
XZ��1?������!��^B:��1$B@���/1?�8��021/��C�!9	RF'��A)8?"��#	��������
	2( �-n2~ ��� p ~�� �GCjG���>��!"��('}RC �kCG��1/. � ��];(9� C;|t~���������Corh��XZ����1/02X+�������8021 < (?����0"<�021e(?��1/.���Te./�/XZ�80"��1:��[e�8A � �^B:��1���#%A/0"��!20"����C
�������
	UF!��" 	/]1Q��+AC	���8����
	2(Y~�~�~:n2~��#� p ~ ���GCjG���>��!"��(*}RC �kC*��1/. 
+����A/��Bb( 
NCV}RC+|t~�� � ����C rFA � �^B:��1z�Z]'���802X��$nS�'XZ����1/02XdX��>�8T;��1/�>���$T%�/02!2.'im� #%�
���8���'X�02�>����.PO50"�8AQ�8A �_���>��!"&Q���8�><����F��[JXZ��1?�8021 ��1?�8��!e��0"[l�8021 < C4�������
����(>(o~��bn � � p �?�GCjG���>��!"��(S}RC �kC"( ����B@����(J)UC �kC"( � ��!"��1e(orIC � C"(J��1/. j'B@� O5021 < (�� CJcNC5|t~�� � ����CzjG��./02B@��1?����!"��<�02X���!V��1/.
�������/XZ�8� ����!������!2� �80"��1P��[F�8A �Q�>���>T%02��1PXZ��1?�8021 ��1?�8��!	B:�>�8<�021P021R�8A �$}d�/�8��1/./��B B@���/1?�8��021/�N��1/.
c^0"T/T%��(���1 ��(%D+1/0"����.b�5���>Td,B:0"���>������C���8����
	 �2�����
	�F!��" 	/]1QO	2(%� �$n2~ � � ~ p ~������'CjG���>��!"��(h}RC��kC"( � 0"#/#%�>��.e(ejaC/� C"(kj'B@� O5021 < ( � CYcNC"(h��1/.�%F�Z];(YcNC � CS|t~�� � �?��C �J��!2X���1/02X`�8�'X �'�IT;��1 ���>�8A
�8A �_jG��B:��02! ��#%A/0"��!20"���5021:�8A �+1 ���8�8A ����1 �^B:��1-B@���/1?�8��021/���1/.��8A ��0"�����XZ����1/02X+�80"<�1/0  X���1/XZ�5021:�8A �
B@����� (���02XI������!2� �80"��1b��[Jrh���8A?&'��C�!9	 �������
	UF!��" 	/�-��$!5P��$/(o~ ���-n � � � p H>�#� CjG���>��!"��(%}RC �kC/��1/.$}d��!"#%����('� Ch|t~�� � �?��C	jG�����/XZ�8� �8�I��1/.bB@���8��B@���8#%A/02�8B���[k�8�'X �'�	T;��1 ���>�8AQ�8A �NjG��B:��02!
��#%A/0"��!20"���J��[!�^B:��1U��1/._�8A ��0"�k�80"<�1/0  X���1/XZ�021_��#%A/0"��!20"���J��Te./�/XZ�80"��1eCR�9AD�$9�C	  ��(P	'F!��" 	�X�5���$�J+8�A*���PS
X��A+���\F!"C�#�+$!")�Z( �G~@n � � � p ��H��GCjG���>��!"��(o}RC �kCo��1/.4}d��!"#%����(�� CV|t~�� � ����C �k�����8�'X�A ��B:02�����8&R��1/.R����0"<�021R��[F�8� T;��#%A/0"��!20"���@B@���8��B@���8#%A/02X
��1/.b�8��!2�>����.b�8�'X �'�5021Q�8A � �^B:��1d}$���/1?�8��021/��C"!9	 �������
	UF!��" 	/�-��$!5P��$/(o~ ���Qn � p � � � CjG���>��!"��(k}RC �kCk��1/.4jG��������1/��( %_CRI@C*|t~�� � �G��C��+Te./�/XZ�80"��1v#/�8�'XZ���8�����N021R��1/X�0"��1?��(kB@�'. ����1R��1/.R[\� �8� �8�
��#%A/0"��!20"������C St1 
^���8��(,S C 
NC"( � 0"#/#%�>��.e(	jaC � C"(	��1/. j'A ��!"����1e(V�UC�, C"(V��./0"��������( ./%'���*��� ���0�)���$!5
]1$!"C�#�+$'��.�")���$?�*"\�����������#%'�9�+A��Z(V1G�/BUT;���d~ �R021zrFA � 
+����!"��<�02X���!IjG�'X�0"���m& jG#;��X�02��!	#%� T%!202X��>�80"��1e(
#%�><���� �>��� p �'~��GC  V!2��X �EO*��!2!Y�8X�0"��1?�80  X^#%� T%!202X��>�80"��1/��CjG���>��!"��(�}RC �kC"(�,R�>��������(?cNCP� C"(?}d�>�8�8021e(�3UC�)UC"(���1/.�%F�Z];(�cNC � C/|t~���� �G��CYjG�����/XZ�8� �8�V��1/.@B@���8��B@���8#%A/02�8B
��[5T%!2� ���8X�A/02���tiu��X�!"��<�0"���-[\��X�0"���N�8�'X �'�`[l�8��B �8A �b)+, �^B:��14B@���/1?�8��021/��C �������
	WF!��" 	 �-��$!5P��$ !9	2(
~ �'~:n ����� p ����HGCjG��0"[l���8��('I@C%,FCa��1/. �J��� �!"�G��< (;�UC!� Co|t~���������C5c+��[l����B:��!hX�A/�>����XZ������02���802X��5��[J�Z]'#;����02B@��1?�8��!2!"&-. ��[l����B@��.
�+./0"�8��1/./��X �Q��1 ���8�8A ���80"����C@YU�$!	�!9	-X��A+���EF!"C�*	2(h~��$n ���7�PH p ���G~��?Cj'A/��X �'!"������1e(�%_CS}RCS��1/. %50"����(J�UC � C5|t~����>�?��C=rh��XZ����1/02X��@��[+�8A �$}d���80"����A4[\���/!"��(���1 �$��1/.4,����������1
�^B:��1eC St1�%F��T;���8�8����1e(Y�UCY3UC y C"(ojG���>��!"��(h}RC��kC"(h��1/.�%50"����(Y�UC � C"(e��./0"��������(1�-�9� �������
����(:�$!5
�!��"��#��$?�*"+� �<;\���9� .�QO�$� ��#���*��$/(S����!2�/B@� �?�v��[\�-�9� �������
�����*"&��WF!��"C�#�C��(�F�%?��"C�*���%!8'J+� �*"&����*��$/(
#%�><�����G~ � p � ���GC  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eCj'A/��X �'!"������1e(�%_C'}RC"(�%50"����(?�UC � C"(� V0"��.e( �kC�%_C"( y 02!"T/����1/. ��(�� C  +C"('��1/. � ����( � CP, Ce|t~����>�?��CkrFA �' V�>�8��021
B@��!2��1 <��^��[o)+, �^B:��1eCNSt1 %F��T;���8�8����1e( �UC/3UC y C"(ajG���>��!"��(/}RC �kC"( ��1/. %50"����( �UC � C"('��./0"��������( �-�9�
�������
����( �$!5 �!��"��#��$?�*"+�6�<;G���9�:.�QO�$  ��#���*��$/(k����!2�/B@���?�$��[G�-�9�N�������
�����*"&���F!��"C�#�C��( F�%?��"C�*��
%!8'J+� �*"&����*��$/(%#%�><����1H�� � p H���HGC  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eCj'A/�#(�!"&�(?�UC2I@C?,FCG��1/. � ��!"��B:��1e( %_C 
NC;|t~����>�?��Ck}$���8��B@���8#%A/02�8B 021@�8A � �^B:��1�B@���/1?�8��021/�S021@�8��!2�>�80"��1
���I�8A �5jG��B:��02!G��#%A/0"��!20"�����B@#%!2��XZ��B@��1?��C@St1�%F��T;���8�8����1e(��UC�3UC y C"(GjG���>��!"��(�}RC��kC"(���1/.�%50"����(��UC � C"(
��./0"��������(!�-�9�=�������
����(@�$!5��!��"��#��$?�*"+���<;M���9�V.�QO�$� ��#���*��$/(W����!2�/B@���?�	��[ �-�9�=�������
�����*"&���F!��"C�#�C��(
F�%?��"C�*��9%!8'J+� �*"&����*��$/(%#%�><����)� � � p �?���GC  V!2��X �EO*��!2!kj'X�0"��1?�80  X �� T%!202X��>�80"��1eC



� � � �����������
	�����������

j'A ��!"����1e(G�UC�, C ��1/.-,S<���1e(%jaC/jaCe|t~����'~W��CJrFA �+��Te./�/XZ�80"��1���[Y�8A �^1 ���8�8A ����1��^B:��1���#%A/0"��!20"���FiJXZ���/���8��!
!"����./021 <	��1/. �/�Z] � �8��C St1 �k����������(7rIC"(�)+02XZ��!2����(W�UC"(W��1/. � ��!"��B:��1e( %_C 
NC"(���./0"��������(?./%'���*��� ���0� �2�+$��)�)�3�
�$!5>�+7���� 89���*��$6�<;����9����")���$?�*"�� ���������#%'�9�+A��Z(�����!2�/B@� �	��[ B �C��AD���
����(@�$!5=F'��A)8?"���8�AD��/�������
����(>(>#%�><����
��H�� p � � �GC I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C

j'A ��!"����1e('rICh|t~�� � �G��C>�����&%'��(��)�*"&��-�+��8?5��#�)�@��$:���9�VZ@�����9�+A)$ .�QO�$N�&%'���*��� ���0�ZC �A/c{�8A ���802��( rFA � �+#;��1
D+1/0"�����80"�m&�C �����`#YC

j'B@� O5021 < ( � CWcNC'|t~�� � ���?��C'�+1U� #/#;����imXZ�8���8��XZ�����/�Y��02. <��Ziu������1/��[l����B 021?����������XZ�80"��1U021I�8A � �^B:��1_��#%A/0"��!20"����C
St1 �o��1/��&'0"�������e(>�UC"(W��./0"������('./%'���*��� ���0�)�&S B AD��")�&��5���$2��� T&$'�0�+A)$!����*��$!��-./%'���*��� ���0��F?(�QW%9���)��8�Q`(>#%�><����
��� � p �/~ �GC 
+����!"��<�02X���!oj'� �8����&Q. ��#%�>�8�8B@��1?�	��[ � &G#/���/��C � &G#/���/��(e~����>�GC

j'B@� O5021 < ('� C%cNCk|t~�� � �>T;��C)%F��<�0"��1/��!Y�������8021 <���1/.$#;�����8��!"��<�02X���!YX��>����XZ������02���802X��F��[J�8A ���^B:��1b��#%A/0"��!20"���
021`)5���8�8A��^B:��1eC$St1 %F�'X�X�0L( 
NC"(���./0"������( . �M��� ����� F�%?��"C�*���T��&�)8'�1��$ �!�C����(P�$N./%'���*��� ���0�)� (�����!2�/B@� �G(
#%�><���� ����� p ��� � Cj'B@� O5021 < (�� CacNCS|t~�� � ~W��CU}d0 ] 021 <�X�A/�>����XZ������02���802X��I��1/.wXZ��B@#;���80"�80"��1/��!h./0,�;���8��1/XZ���+021wB:��1?�8!"�Zim. ����0"����.
B@��!"�8�`T;��1 ���>�8A=��#/�8����./021 <w�7] 02�Qno���'02. ��1/XZ�Q[l�8��B XZ&'X�!202X���!2!"&O!2��&����8��.4�8�'X �'�:021O�8A �b��#%A/0"��!20"������[
)5���8�8A$�^B:��1eC�!9	������&%'��(��C	� ��)�C	2( � H | �G�In ��H � � p ��H�H>�'Cj'B@� O5021 < ( � CWcNC"(7�5T/T;�����8��( S C � C"(7c^�/1/1 ��( � C7�UC"(W��1/. %F�Z];(7cNC � CG|t~����'~W��C y ����B:�>�80"��1U��1/._��B@#%!2��XZ��B@��1?�
�><����5��[k�8A �N}d���80"����AQ��#%A/0"��!20"����(%j'�/!"�8��1/�>���_��[��^B:��1eC@�������
����(>(o~��Qn � ��� p � ��HGCj'B@� O5021 < (2� C?cNC"( � A ��02������1/����1e(�)UCBS C"(� V�>�8�8A ��!"��B@� O_(ES CGcNC"(G��1/.  *�8� O51/021 < ( �kC;|t~�� � �G��CorFA �5�������/XZ�8� �8�
��[�8A �@�'XZ����1/02X`� #/#;���^B:��1?�8!"�@��1/.9!"� O*���_XZ���/���I���I. ��./�/XZ��.v[l�8��B �8A �:1 ���8�8A ����1v����XZ�80"��1v��[�8A �
�^B:��1-��#%A/0"��!20"����C St1�
^���8��( S C 
NC"( � 0"#/#%�>��.e( jaC9� C"( ��1/.$j'A ��!"����1e('�UC�, C"( ��./0"��������(�./%'���*��� ���0�)�@�$!5
]1$!"C�#�+$'�W.�")���$?�*"4�����������#%'�9�+A��Z(a#%�><����)�/~ p ���GC  V!2��X �EO*��!2!h�8X�0"��1?�80  X+#%� T%!202X��>�80"��1/��Cj'B@� O5021 < (-� ChcNC"(oj'02B@��1/02��1e( I@C �NC"(  *���/�8A/0L( S Ck}RCh,FC"(h��1/. 
^���8��(JS C 
NC*|t~���������CbB:021 ������!20 (���.w[\���/!"�
(���1 �_#%�>����!2!"��!;���:�8A � �^B:��1b��#%A/0"��!20"���I��#/�8����./021 <@�7] 02��C@�������
����(��U	 F!	 ]@	2( � |L���^n ��� � p ��� � CjG#/�8&�(/�UCh|t~���H�����C�� �C�#�QO��A#%'���*" �!���P��8�A��)� C �k���8<���B@��1��S�8���8��C

jG�8�	������(JcNCjaC"(ork��&'!"����(J3UC �kC"(J��1/. y 02�8X�A ����(�%_C � CF|t~�� � �G��C �5]'<���1402��������#;�Q��1/.P<����'X�A ��B:02X���!VX�A/�7i
����XZ������02�8�>�80"��1$��[SA?&'. �8���8A ����B:��!Y��!"�������>�80"��1w021b��#%A/0"��!20"���_XZ��B@#%!"�Z]'���5��1/.dB@�'. ����1b�'XZ����1/02XUXZ���/����C
St1 
^���8��( S C 
NC"( � 0"#/#%�>��.e(YjaC-� C"(e��1/.Oj'A ��!"����1e(;�UC , C"(e��./0"��������( ./%'���*��� ���0�)�G�$!56]1$!"C�#�+$'�=.�")�� �
$?�*"@�����������#%'�9�+A��Z(e1G�/BUT;���N~ ��021drFA � 
+����!"��<�02X���!SjG�'X�0"���m&wjG#;��X�02��!e#%� T%!202X��>�80"��1e( #%�><����N~���� p �'~�� C
 V!2��X �EO*��!2!Y�8X�0"��1?�80  X^#%� T%!202X��>�80"��1/��C

jG� Q��X �'!2021e( � CS|t~���H � ��C�jG�����/XZ�8� ����!kA/02�������8&d��1/.v����XZ����1/02X��^��[ SM����1e(e�-�8���'0"� O_C ]1QO	�]V�&�C	 B �C��AD���
	V�������
	
��8����
	2( ���bn2~ ���>� p ~ ��� � CjG����!"#;����(k,FCF|t~�� � �?��C4� #%A/�����Q./02�><�����B [l���:}d02.'i �^XZ����1 %502. <��  V���8��!"�8�Qn �S�8��!202B:021/�>�8&v�8���8�/!"�8�N��1/.
02B@#%!202X��>�80"��1/�*[l���F#;�����8��<���1 ���802��C@YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2( � �$n2~ � p ���?CjG����1 ��!"��&�(!%_Co|t~���� ����C �^1$�8A �U����0"<�021/�F��[J��#%A/0"��!20"���UXZ��B@#%!"�Z]'���+021$�8A �N����� �8A ����1drh���8A?&'�+�8��<�0"��1eC6�!��" �
�#��$!�&%'��(��)�*"+� (����Qn �>��� p �����GCjG����1 ��!"��&�(+%_CY|t~����>�?��CSrFA �^�>���>T%02��1-XZ��1?�8021 ��1?�8��!eB:�>�8<�021Q021 SM����1Q./� ��021 <_�8A �I!2�>��� � �8���8��XZ�����/��CNSt1 �-�9�
�2�����
����(E�$!56�0��"��#��$?�*"+�>�<;@���9�G.�QO�$:A��#���*��$/( 
+����!LC;jG�'X>CajG#;��X �o�>#YC"(/#%�><����� � � p �>��HGCjG���8��X ����02����1e('�UCe|t~�����H���Ckrh�N����X�A-#%!2� ����1/02X	�8�'X �:0"�8�#/�8��#;���*1/��B@��CRX��A+��� � F!"C�#�+$!")�  ��+7 �#�+L�� (;~ �:n2~ p ���GCj'� <�� OV�>���'(/rICY| �>�����?��CS,B@#%0"��02X���!%�8��!2�>�80"��1/�8A/0"#%�ST;���FO*����1Q����B@#;�����>�8� �8��('#/�8���8�8� �8��('��1/.b}$<�� XZ��1?����1?�
021Q��!20"�'021 �I��1/.Q#G&G�8��]'��1 �U�8�>�8� ���>����.d!202EG�/02.eC !9	 �����&%'��(��C	� ��)�C	2(h~���� |  ��G�_n � � ��� p � � � �GCrk�>#/#;��1/1/0"����( �kC"(*}d�>���8��� ����(V}RC"( �S�8���/����( y C"(*��1/. � ���8�8��0"<�1 �����e( � C5|t~�� � ~W��C }$����� (���02X$��#%A/0"��!20"������(
�8� �8� �8���k��1/.N!2�>�8<��Zim�8X���!"�*����XZ����1/02XVB@�W����B@��1?�S021U�5[l<�A/��1/02���8��1eC?X��A+��� B �
�$��C�#	'F!"C�*	��/�C�*�#	2(����_n ����� p���G~>C



�����������
	����������� � � �
rFA ��B:����( �NC"( �k� ( (�0L( � C i �kC"(e��1/.w)+02XZ��!2����(;�UCJ|t~�� ��� ��C �o��!"����B:�><�1 ���802XN�8���8�/!"�8�F[l�8��B �^B:��1d��#%A/0"��!20"�����

�8��!2�>����.b���:�8A ��0"�F��B@#%!2��XZ��B@��1?��C �!��"��#��$!�&%'��(��)�*"+� (o~ �'~:n ����� p ���'~>C
rF02!"����1e( 
NC %_C"(S35��#%����1e( � CS�UC"(��1/. ,9��0"<�A?��(M� CS,FC5|t~�� � ~W��C D5����1/02�/B`i � ����.=02��������#%02XQ�><�������[+�8A �

j'��B:��02!J��#%A/0"��!20"����( �^B:��1 O50"�8A9�>#/#%!202X��>�80"��1/�I���wrh���8A?&���1O�'XZ����1O��02. <��:����XZ����1/02X���C !9	=�����&%'��(��C	
 ��)�C	2( � H | �G�In ����H�� p ����� �GC

rF0"#/#%0"��( �kC
%_C"( �k���8�8�><�1 � (%,FC �UC"(/��1/.$j'B@� O5021 < (9� C cNCh|t~�� � ~W��CrFA �^T%0"���������>�80"<����>#%A?&:��[k����./02B@��1?�8�	021
�8A �_����!2X���1/02XI�/1/0"�V��[o�8A �Nj'��B:��02!;��#%A/0"��!20"����C�!9	 �����&%'��(��C	  ��)�C	2( � H | �G�^n ��� ��H p ����H��GC

rh����B@��&�(VcNC %_C"( 
+�8�W����(FrIC � C"(V��1/.  *�8&���1e(M, C  +CI|t~�� � ����C ,J]'#;����02B@��1?�8��!	#;�����8��!"��<�&z��[_1 ����B:��!
}$�&%' �1 ���>�@�8A �\I_��1 � y ����XZ�8� �8� �a��1 �vn ��� ��i ��� �Q)U(SB:02.4�V�8!2��1?�802XQ��02. <���C YU��$'��A)�#J�	��:��$��+A)�
	
B �C��AD���
	2(;��HQn2~ �'~ p ~ ���GC

rF�8X�A ��#/#Y( %_Ca3UCo|t~���H�����C5rFA �_<���1 ������!h<�����!"��<�&$��[ �^B:��1eC B AD��" 	������ � ��A)�
5 B �C��AD���
	WYU��$2��	
S � �����*"&�>(
�Qn ���'~ p � � �GC

D+!2B@����( �kCJ|t~�� � ����CIrFA �N. ��#;��1/. ��1/XZ�U��[J�8A ����� � 0 X��>�80"��1'iu#%�>�8�80"�80"��1/021 <:T;���FO*����1 �^!20"�'021 �_��1/.dT%���8��! i
�802X`!202EG�/02.$��19#/�8���8�8� �8��(a����B@#;�����>�8� �8�@��1/.9XZ��B@#;���80"�80"��1eC;�+1v�Z]'#;����02B@��1?�8��!o���8�/. &d��� �>���GT%�>����C
YU��$'��A)�#J�	/�:��$��+A)�
	 B �C��AD���
	2(h~�� ~:n ��H'~ p ��� �GC

�S��1 ��� (kcNCY�UCh��1/. � ��������1 ��( � C|t~���� � ��C-35&'. �8���8A ����B:��!J��1 ���8�8A/0"�80 (��>�80"��1v��[*#%!2�><�0"�'X�!2������O50"�8A/021d�8A �
B:�><�B:�>�802X �7A?&'. �8���8A ����B:��!%������1/�80"�80"��1:�>�*B:02.'iu�'XZ����1:��02. <����Fn?�Z] ��B@#%!"���S[l�8��B . ����#-�8A ��������.-./0 �����
|\35��!"� �>�#�  +( � �����8��%502X��U��0"[l� �J��1/.-�`�8A ��������.Q./0 ���+�8�G����(���1 �:| �^B:��1-��#%A/0"��!20"���7��C�X��A+��� B �
�$��C�#	
F!"C�*	-�/�C�*�#	2(h~�H��bn ��� p � �GC

,R�>���8��(1I@C y C5��1/. 
^�>�8��02����1e( %_C	,FCU|t~�� � H���C�j'�/B@��021/05<��8��� #Y('�^B:��1eC	,S����!2� �80"��1 ��[`�z}$����� (���02X
X��>�8T;��1/�>���U�8!"��#;�^��1d�@����� �8A$rh���8A?&���1wXZ��1?�8021 ��1?�8��!hB:�>�8<�021eC�F���5���Q��+$'�#	W�������
	2(
� � n2~�� � p ~�H � C

,9��02!"����( �kCGcNC;| �>�����?��Ckc^0,�;���8��1?�802��!/�8���8�>�80"��1/�*021@�8A � �^B:��1:��#%A/0"��!20"���In�#%��!"����B:�><�1 ���802X5���'02. ��1/XZ�F[l�8��B
�8A �U����� �8A$B:���8�80"[\��C ���AC	������&%'��(��C	� ��)�C	2( �'~�| ��� �G�_n2~���� p �'~��'C

,9��!2!2��1/.e( }RC'� C �kCh|t~���� ����C � �>���_XZ�8���8��XZ�����/�F1/�>#/#;���V021��^B:��1QB@���/1?�8��021/�V��1/.Q�8A ��0"�V<�����!"��<�02X^������!2�'i
�80"��19n%./02�8X��/�8�80"��1eC ]1Q��+AC	-]V�&�C��" 	 B �C��AD���
	��������
	���8����
	2( ���Qn2~�H � H p ~�H ��� C

,9��!2!2��1/.e(	}RC �kCW� C	��1/. }d0"�8X�A ��!2!L(V�UC 
NC	3UCU|t~���������C ,B@#%!2��XZ��B@��1?�Q��[U�8A � �^B:��1 ��#%A/0"��!20"����C*�
B@��X�A/��1/02�8B �8��!2�>����.b�����8� Te./�/XZ�80"��1Q��1/.$XZ��!2!202�80"��1eC ��8����
	 �������
	UF!��" 	/]1Q��+AC	2( ��� n2~�� � ~ p ~�� ��� C

,9��1/. ��(a�UCejaC"(%cNK �5��XZ� ( �kC"( 
+�#�5H��(  +C"(a��1/. �+T;����A Q��1/�8!20L(�%_Co|t~���������C)%5��./02��!YXZ����X �'�+�>�8���/1/.$�7imEG�/�>�8� (
021/X�!2�/�80"��1/�*021Q��!2B:��1/./021 �Nn%XZ��1/��������021?�8�V��1b�8A �_B@���8��B@���8#%A/02XIA/02�������8&���[k�8A � �^B:��1bB@���/1?�8��021/��C
X��A+��� B �
�$��C�#	�F!"C�*	-�/�C�*�#	2(h~�~��dn � �?� p ��H'~>C

, A/0"����(�%_C'jaC;|t~����>����Chc+��[l����B:�>�80"��1���[e�8A �^}d�	�G����1-XZ��1?�8021 ��1?�8��!%B:�>�8<�021eC St1 y �>����Ae(G�UCG��1/.�c+�Zi ����1 < (
I@CJ�UC"(o��./0"��������(4������5�(�$!�Q �*"+� �<; B  ���3�+�#�$/( 
+����!"��<�02X���!+j'� �8����&R��[ �o�	�'02���8��1e(J#%�><���� ����� p �>�#� C� � �_3+�'C

, A/0"����(
%_CajaC/��1/. %F���8��(/cNC%�UCh|t~����>����CVrh��XZ����1/02X��	��[k�8A � O*����������1$<��/!"[Y��[ �^B:��1eC�!9	 �����&%'��(��C	� ��)�C	2(
� �%|  ���In � � �>� p � � � �GC

, 02!2����1e(3UCV3UC^|t~���H�����C � �>��� � �8���8��XZ�����/�-��� <�������&'1/X�!2021/��!5����./02B@��1?�8�>�80"��1e(<������'0"�m&z����XZ����1/02X���(V��1/.
��#%A/0"��!20"��� ��B@#%!2��XZ��B@��1?��021 �^B:��1 }$���/1?�8��021/��(QjG��� �8A ���������5���>T%02�'C ]@	6]@	 B 	 � 	���8����
	2(
�@| �����^n H���H p H��G~>C

,9�G�'./XZ�'X �a(e)UCe3UC;��1/. %F��T;���8�81e(a�UC;3UC y CS|t~�� � ����CNjG�����>�80"<����>#%A?&b��[S�8A �`B@����� (���02XU�8�'X �'�^�>T;�W���`�8A �
jG��B:��02!;��#%A/0"��!20"����( �^B:��1eC@�������
	R�����	2(Y~�~��Qn H�� p ��HGC

,9�G�'./XZ�'X �a(%)UC/3UC ��1/. %F��T;���8�8����1e( �UC 3UC y Ch|t~�� � ����CrFA �I� #/#;���  V�>�8021/��AbXZ��B@#%!"�Z];( �^B:��1vn ��!2!"�'X�A'i
�8A ��1 ���/�F����./02B@��1?�F�8A �����8�5�>T;�W���_�8A �`jG��B:��02!;��#%A/0"��!20"����C4YU�$!	 !9	-X��A+���EF!"C�*	2(h~��Qn2~�H���� p ~�H���HGC



� � � �����������
	�����������

,?Q� ��������1e( y C"( y !202�8X�Ae(S}RC"(}d02X�A/��!2� �'0L(NS C"( � �ZiM} H������� ��(�� C"(}$����XZ��!2!20L(NS C"(S}d�>���8A Q���/��(DUC"(S��1/. �k����������(
rICJ|t~����'~W��CUrFA �`� #%!20"[l�5A/02�������8&b��[S�8A �`#/�8��X���BUT/��02��1wXZ�8&'���8��!2!2021 �_T%������B@��1?�^��[S�8A � ���>T%��!U� K ��!2��1
|uj'� �5�5�8���?��C�St1��k����������(arIC"(%)+02XZ��!2����(a�UC"(%��1/. � ��!"��B:��1e( %_C 
NC"(%��./0"��������( ./%'���*��� ���0�4�2�+$��)�)�3�@�$!5
�+7���� 89���*��$ �<;G���9�E��")���$?�*"E� ���������#%'�9�+A��Z(o����!2�/B@� �b��[ B �C��AD���
����(��$!5:F'��A)8?"���8�AD��=�������
����(>(o#%�><����
H'~ � p H���HGC I_!2�BO*���F�+X���. ��B:02X �� T%!202�8A ������C

���1 < (S3UC i � C"( I_021+(�!"����( %_C � C"(S��1/. 
+�8�W����(*rIC � CF|t~�����H���C=,J]'#;����02B@��1?�8�`��1/.=B@�'. ��!2�N��[+��1/A?&'. ���/��(
T%���8��!"�802XN��!20"�'021 �Ziu#%!2�><�0"�'X�!"���tim��� <�0"���N�8�>�8� ���>����.9B@��!"�8�^[l�8��B �'C ��� ~@���R~����GT%�>��C YU��$'��A)�#J�	 �:��$��+A)�
	
B �C��AD���
	2(k~ � �$n2~ p ~ � C

��>���/��1/X�E%( 
NC%��1/.w}d��X � ���'.e( � C!� Ck| �>�����?��C �k�����8��[\�>T/��02X_021?�������80"<��>�80"��1$��[o<��>T/T/�8���F[l�8��B �8A ���^B:��1
��#%A/0"��!20"���`n%XZ��B@#%�>��02����1bT;���FO*����1d�^}vjb��1/.b�8�'X �Q[\�>T/��02X �aC����AC	������&%'��(��C	  ��)�C	2( �'~�| ��� �G�In � � � p�>���GC

�;0"��<�!"����(kDUC"(jG� Q���8����!L( y C"(J��1/. �k����������(SrIC	|t~����'~W��C4}$���8�7i � �>�8T;��1/�>�80"�����@021O�8A �$}$���8��B@���8#%A/02X-������0"���
T;��!"� O �8A �QjG��B:��02!o��#%A/0"��!20"���@0219�8A ��c^0"T/T%� (���1 ��(k1 ���8�8A ����1 �^B:��1RB@���/1?�8��021/��C�St1 �k����������(krIC"(
)+02XZ��!2����(J�UC"(J��1/. � ��!"��B:��1e(�%_C 
NC"(o��./0"��������(V./%'���*��� ���0���2�+$��)�)�3�E�$!5 �+7���� 89���*��$ �<;E���9�\��")���$?�*"
� ���������#%'�9�+A��Z(?����!2�/B@� �+��[ B �C��AD���
����( �$!5@F'��A)8?"���8�AD��R�������
����(>(?#%�><���� H���� p H � �GC�I_!2�BO*���J�+X���. ��B:02X
�� T%!202�8A ������C





���������� ��
	

� � �	��� � � 0 � �� ��� ��� �&2 �� � �>2 �  � � �  2 � �  � �  � �&0  ��� � �&2������  � ������
 � �  2>2  � � ��� � � � 
� �  0 � � �  �� ��� 2 � � 2  2 0� �&0  �  ���  C�6 � �  � � � � 2 � �&2 �� 0 0 ���   ��� 2 � �  2 � �  2 � � �   � � " 0 � 2 � � � � ����� �� � ��� � � � 0 ������ �>2  ����  � � �  �  ��� 2 � ��� � � � � � �����  � �&2 �� 0 0 �����  ��� ��� � 0  � 
 �&2 � �&0 � �  2 � � 0 � �  ���� �� C � � ��� � �  � ���  ���  � ��� �����  �� � � �  � � � 2 �  ��� �>2� � 0 0 �   �  " 0 � 2 � ��� 2 ����� � �� � ��" 2��  �>2  ��� �  �&2 � ��� 2  �  � 
�� �� 0 � ����� 0 ��� ����� �� � � + �   2 � � � � 2 �  �&2 � �>2  �  �&2 � � �  � ��� � �  ��� 2 � � � � � 2 � � ���  ��� � 2 ��� ����� �� ���&2 � 0  � �&2 �� � � C � �� 0 � ����� 0 ��� � �� � � � �  � �  2>2  2 � �� �  � � � �  � �� � 
� � + �   2 � � � � � � 2!� � 2 � 0 ���� �  � � � �  �� � ���  ���  � ��� ����� �� ���� � ��� � � � ����� �� � 2 � ���  2�� � � � � 2 � � � C

� � �   � � �   � � � � � �   2 �� �� �>2  � �  � ������ 0 � � � � �����  � �� 
��  � 0 % �-,/. � �� ���  �   ���&2 � ���  0���� ��  �� � � � 2 �
0 � � � � � �� � � 2 � �>2  � �&2 �  � �  �&0 0 � 0  �� 0�� � �  �  0 � � �&0 � � 0 � �  � �&0  �� 2 �  ��  � �  0 � ! � 2  � � � � �  �����  �  % �	� � ����C
� � �&0 � �  2 � � � � � 2 �  0 � �  ���� �� 3 � � 5 �  � � ���   �  2 � � 
� 
�� � � 0 % �-,/. I = � � �� � �  � � ���>0  �  2 �B����� �&0 � � �  � � 2�� �� � �
�  ���� ���  0���� ��4! � 2 �� C � � � � � � �  �  ������ � � �>0 � � � ��� � �   0 �  �� �  2 � 0  � � � ��� 2  � �� % �-,/. �(� � 0 0 � � �  �&2 � 0 �� ��� �>0 ����  ��� � � 0 �&2 �� ���&2 � �>2  ����  � � �  �  ��� 2 � �� � � � � � � �����  � � �  � 2 ��� � �&2 �� � � �� 0 � �  �� ����� � � � �  0 �
�  � � � �&0 0 � � � � � � 2 ���&2 � 0�� � � � ��� �   � �� � � � � � � C�� ���� �  � � � �  �� � ���  ���  � ��� ����� �� � � 2 �   2 � ���  ���� � � � � � �
� 2 �
� �  � �>0 � ���&2 � �>2  2 � �  � 2>2  �  2 �� � � ��� � 2 � � ��� �  �����  I   0 � � � �� �  2 � � � � � ��C

� � �  ��� 2 �  � �  �  � � � � � �   2 �� ����>2 � � � � � � �   2 ��� 0 � � � � 0 � �� � � �� � � �  � � � �  � 
��  �&2 � ��� � � �����  C \ 0 0 
���  �  �� �  0 � � 0 � � 0 �  �� � �  � �  0 � �  � � � � 2 � �&2 �� 0 0 ���  ��� �� � ��� � � � ��� �  2 �� ���&2 � 0 ��1! � 2 ��� ����� 0 � � � � ����� �� I>C
� �� � � � �� ��� ���  �   �  2 � �� 0 �� � �  � � � �  �� � ���  ���  � ��� ����� �� �  ���� " 0 � 2 � � � � 0 �����  2 � �>2 ��� 2 �  � � �� � �� � � �  � � �   0 ������� �  0  2 � ��� ��� �&2 � ����� � � �  � ��� � �  �$��� ���   �>2  �  � � � �&0 0 � � � � � � 2  � � � �  ��� � � � � �>C �  �����  2 0�  � � � 2   ��� � �>2  � � � � �>0 � � ���  � �  � � � � � 2 ���0�� �  � � � 2  �  0  �  
 �  �� � ���&2 � 0 � �  � � � � 2 �  � � � �&0 �� � �&2 ��� �  C �   � ��� 2 �
� �  � � � �  �� � � � � ����� �� �  ����  ��� ����
�� 0��  � � � �� 2 �� �  0 � ����� 0 ��� � �� � ��� � � �  ��� ����� �� � � � 2 ��� �  2>2 ��
� � 2 � ��� �=0
� � � � �>0 �� � �� � 0 �  @� � � � � 2 ��� �>2 � �&2 �� � � � � �  � � ����
 �  � � � 0 �  � ��� �>2 �  �� � � �  2 � � � � � � �  ��� ��
 �  ������  *� �&0 � � �  C

� s ������������	
3 �� ��� �&2 �	��� � � 0 � �� � � �&2 ���� �&2  � � ��N�  � � �  2 �L� � � � ��� � � � � ��� � �� � � 2 ���� G  ����� � � �  � � 2 CH3 �� � �&2 � 0 

� 
����� �   ��� 2 � � �    ��� ����� ��� � 0 � !  � �  0 � � � �  � � � � 2 � �  � � � �  ������ � �-�� � ���� � �����  � � � �  � � � C ����  ���  � ��� � � �&0� � � � � �� �&2 � � � �  �	�  � �  �&2 �&0 
 � ������ � ����� � � �&2 � � 
��� � � � � 0 �� 0  ��� ���!���� � � � �  � � � 2 � � � � 2 ��� ��� � � �#���  � 

0 � ����� 0 ��� � � �&0 � � � � �� � ���$� � 2 � ���� � � ��  � � � 
 ����� ��  ���� 2 �� � � ��� 2 � � � � � 2 � � 2 ���� � �&2 � 0  C�3 ����  0 � ����� 0 ��� � �� �  0 � 2 ���� �'� � � ��� 2�� � +    2 � � � � � � 2 �   � �� ��� � �� � � � ��� � � � � � � 2 � � � ��  ���  � ��� � � �&0 �&2 � � �� � � � �&0 � � �  � � ��  � � � � � � C

3 �� "  � � � 2  � � � � � � 0 �  ��� ��� 0 % �-,/. ����� 0  � � � � � � ��� �� C � � � � �  �  � � 2 � 2>0 
 � ��(� �  0 0 � �" 2  �   � � � 2 �� � � � �   �  ��  2 � � � � � � � )�+ � �������� � �&2 � 0 !� � � �  �	� � � 2 � � �  � � ���� ���� � ��� 2 � 2  �  � 2 � � �� � � � �&2 �
� �  �&0 0  0 ��� ���� � �&0  � 0  � � �� � � � � �&2 � �� 2 ��   � � 2 ���� % �	� � ��� � � � � �  � � �   �>C�3 �� � � � � 0 
 �������� � � �&2 �� 
�  � � �H� �  ��  2 � � 2 � � ��� 2>0 
 � 0 % �-,/.10 0 � �� � � �  � � ��  �(�<� � ���  � � ���>0 
8����� � �  � � 
 ����� � =��(�   � � � 2 � C�G 0 �  ��
� �  � ��� ���� �����  ���� 2  � � 
 � 2 � 2 ��� � � � � � �>0   0  �  2 � �!��� ��� � � � � 2 � ��� � 
��� � � 2 ���   0 � �� � ���Y�  � � � � � 2 �&0
�  
 � � �&0 0 � ! � � � � 2 C � � 0 � �� 0 
  @A  � � � � � �  �� � � � 2 � ��� ���� � 2 �   �  2 � �&0 �  0 ���  � � � � � 2 � �  � ��� �� � � 2 ���� �  0 � � 2 �  � � �  C

3 �� �  ��� 2 � � ��� �� �   � ����1�  � � � � �   � � 0 � � � � �&2 � �  � 0 ��� � �  0 �H� � � � � 0 �  ��� � � �   �&2 � �� � � � � 0 ������� ��C � �� � � �  �	� ��� 2 ���� � � 5 �  � � 
!��� ���� �	��� � � 0 � � � � � �  � � �� � � � � � � � ��� � 2 � � 2 ���� �   � �/� ��   ����� 0  � � � � � � 
����� �  
2�� �   � � � C E �  0 � �&2 � � ��  ���  � ��� � � �&0 � � �  � � ��  � � � � � � � ���$� ��� � � ������ �&0 0  ���"� �� � �   � � �  /� � � � � � 2�� " � �&2 � 0 

��� � 0   ��� �&2 ���� �  0 � �� � �   � � �   0  ��� � 2 � ��� �  � � � � ��� � 0 � 2 � �&2 � �  
 � � �&0 0 � ! � � � � 2 ��� 0 ������� ��C]3 � � ��� �&2 � � ������  � �  � � � � � 2 � � � � �>0 � �&2 �  ��� 0 ��� 2 ���� � � �  � � � 
!���� �&2 � �� � � � � I � � � �>0 � ���� � 2 ���� �  � � � C;3 �� �  � 0 �� � � 2 � 2� � �  � � 2 �   0  �  2 � � �&2 � ����� � � � �� 2 �������� � ��� 0 
 �  � 0 ��� � �&2 � � � � 2 �� � �&2 0 � ����� 0 ��� � �� � � 
 ���  � � � �  � �� ������
�� �������� � �
��� ����   �  0 � � 2 � ��� �&2 ��
 �  ������  *� �&0 
 �&0 ��   � � �&2 � 0  C


