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Présentée devant le jury d’examen composé de:
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"#$%&'!()*!$!%&'()*(+,-!),-!./.0,(1-!)*(-!/*!23'1'-2345,!-'/*65,!,(!7'(+16'(!),!/,85!*&'()*(+,!)*(-!

/,-!+3'()561,-!9:;!

Groupe Matrice  
(% vol.) 

Chondres 
 (% vol.) 

Inclusions 
 réfractaires  

(% vol.) 

Métal  
(% vol.) 

Fréquence  
chute (%) Exemples  

Carbonées             

CI 95 <5 <0.01 <0.01 0.5 Ivuna, Orgueil 

CM 70 20 5 0.1 1.6 Murchison 

CO 30 40 13 1–5 0.5 Ornans 

CV 40 45 10 0–5 0.6 Vigarano, Allende 

CR 30–50 50–60 0.5 5–8 0.3 Renazzo 

CH 5 ~70 0.1 20 0 ALH 85085 

CBa <5 40 <0.1 60 0 Bencubbin 

CBb <5 30 <0.1 70 0 QUE 94411 

CK 75 15 4 <0.01 0.2 Karoonda 

Ordinaires             

H 10–15 60–80 0.01–0.2 8 34.4 Dhajala 

L 10–15 60–80 <0.1 3 38.1 Khohar 

LL 10–15 60–80 <0.1 1.5 7.8 Semarkona 

Enstatite             

EH <0.1–10 60–80 <0.1 8 0.9 Qingzhen, Abee 

EL <0.1–10 60–80 <0.1 15 0.8 Hvittis 

Autres             

K 70 20–30 <0.1 6–9 0.1 Kakangari 

R 35 >40 <0.1 <0.1 0.1 Rumuruti 

+,-.',%!()(!<!=*&/,*8!),!+/*--676+*16'(!),-!+3'()561,->!6(+/8*(1!/,-!25'2'516'(-!),!/,85-!+'(-1618*(1-!
?0*156+,>!+3'()5,->!9%:!,1!0.1*/@!?)A*254-!B+'11!,1!C5'1>!DEEF@;!
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$! "#$! %&'()*#$! +'*+&,*-./#$! 0123! %&! '()*+,! -.! /012-3.'! 45+! /12,+.22.2,! -.'!
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'12,!&.'!6&5'!);12-)2,'!)5!'.+2!-.'!/012-3+,.'!13-+2)+3.'!9DEFG?B!%&'!'12,!/12',+,57'!-.!
/3+',)58! )5,1A1360.'! 15! '5;$)5,1A1360.'! -=1&+:+2.! .,H15! 6I318J2.! )5! '.+2! -(52.!
A7'1',)'.!:+,3.5'.!15!A+/31/3+',)&&+'7.B!K!6)3,+3!-.'!);12-)2/.'!3.&),+:.'!-=1&+:+2.!.,!-.!
6I318J2.L!12!-+',+2*5.!,31+'!'15'$/),7*13+.'M!!

! 9N?! &.'! /012-3.'! 61360I3+45.'! <! 1&+:+2.! 9OPL! Q+*53.! NBNN)?! 45+! 12,! 52! 3)6613,!
:1&5A+45.!1&+:+2.H6I318J2.!'5673+.53!15!7*)&!<!NFHNR!!
! 9"?!&.'!/012-3.'!61360I3+45.'!<!6I318J2.!9OOL!Q+*53.!NBNN;?!45+!'12,!&)3*.A.2,!
-1A+27'!6)3!&.!6I318J2.!):./!52!3)6613,!:1&5A+45.!6I318J2.H1&+:+2.!'5673+.53!15!7*)&!
<!NFHNR!!
! 9#?!&.'!/012-3.'!61360I3+45.'!<!1&+:+2.!.,!<!6I318J2.!9OPOL!Q+*53.!NBNN/?!&13'45.!
&.'!);12-)2/.'!'.!'+,5.2,!.2,3.! &.'!-.58!.8,3@A.'B!S13'!-.! &.53!7,5-.L!T11-+2*!.,!U.+&!
9NVWN?!12,!3.613,7!45.!&.'!/012-3+,.'!13-+2)+3.'!63+A+,+:.'!'12,!-1A+27.'!9XEG!<!Y"G?!
6)3!&.'!/012-3.'!OPO!9Z);&.)5!NB"?B!

!

Abréviation Texture Abondance dans les Ocs 

POP Porphyriques à olivine et pyroxène 47 à 52 % 

PO Porphyriques à olivine 15 à 27% 

PP Porphyriques à pyroxène 9 à 11% 

RP Pyroxènes radiés 7 à 9% 

BO Olivines barrées 3 à 4% 

CC Cryptocristallin 3 à 5% 

GOP Granulaire à olivine et pyroxène 2 à 5% 

M Métallique < 1% 

456"758!9:;!$!C&)''+[+/),+12'!-.'!/012-3.'!'.&12!&.53!,.8,53.!.,!);12-)2/.'!-.'!-+[[73.2,.'!,.8,53.'!-.!
/012-3.'!-)2'!&.'!/012-3+,.'!13-+2)+3.'!63+A+,+:.'!9-=)63J'!T11-+2*!.,!U.+&L!NVWN?B!
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$%! &&'! ($! )*+,)$-%! ./0! 123-4)$(! 5/6! 13-%6$--$-%! 78/(! 4$! 9:;! <38=! 4$! 7>)30,-$(=! ?$(!

123-4)$(! 13-%$-.-%! 4$(! .@3-4.-1$(! 6-%$)A*46.6)$(! $-! 386<6-$(! $%! 7>)30,-$(! (3-%!

18.((6+6*(!13AA$!%>7$!&B'!$%! %>7$! &&B'!CD.@8$./!E=FG=!'6$-!5/$!@.(*$(!(/)!4$(!1)6%,)$(!

46++*)$-%(H!8$(!18.((6+61.%63-(!%$0%/).8$(!CI3346-J!$%!K$68H!EL9EG!$%!126A65/$(!CM1NO$$-H!

EL##P!N13%%!$%!D.>83)H!EL9FG!(3-%!@6$-!(3/<$-%!/%686(*$(!13-Q36-%$A$-%!73/)!4*1)6)$!8$(!

123-4)$(=!

!

Type Composition des silicates Sous type Abondances des silicates 

IA Olivines > 80% vol. 
IAB Intermédiaire I Pauvre en FeO 

 Fa et Fs <10 
IB Pyroxènes > 80% vol. 
IIA Olivines > 80% vol. 
IIAB Intermédiaire II Riche en FeO  

Fa et Fs >10 
IIB Pyroxènes > 80% vol. 

"#$%&#'!()*!R!S8.((6+61.%63-!4$(!123-4)$(!($83-!8.!13A73(6%63-!4$(!(6861.%$(=!

!

!
+,-'.&!()(*!R!&A.J$(!$-!*8$1%)3-(!)*%)346++/(*(!4T/-!123-4)$!4$!%>7$!&!C7./<)$!$-!+$)H!U!J./12$G!$%!%>7$!

&&!C)612$!$-!+$)H!U!4)36%$G!4.-(!8.!123-4)6%$!MVD!::W"X!C?F=:WG=!N3/)1$Y!'$)86-H!":E:=!

!

?.!<.8$/)!U!E:;!A38.6)$!4$!Z$[!73/)!46(%6-J/$)!8$(!123-4)$(!4$!%>7$!&!4$(!%>7$(!&&!-$!

13-(%6%/$!7.(!/-$!86A6%$!+).-12$!A.6(!436%!\%)$!13-(64*)*$!13AA$!/-$!<.8$/)!.)@6%).6)$=!

?$(!%$-$/)(!$-!S.[!$%!S)"[F!4.-(!8$(!386<6-$(!688/(%)$-%!@6$-!8.!46++61/8%*!4$!46++*)$-16$)!

8$(!123-4)$(=!?.!%$-$/)!$-!S.[!4$(!386<6-$(!A3-%)$!/-$!13))*8.%63-!-*J.%6<$!$-!+3-1%63-!

4$! 8.! %$-$/)! $-! Z.! Q/(5/TU! .%%$6-4)$! /-$! <.8$/)!A6-6A/A! ./0! .8$-%3/)(! 4$! Z.E:! 73/)!
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*.721(+23! 912'! 4+! 'E'3)5+! '%41(*+! $*(5(3(B,! T%&*! $1*:+2(*! A! %63+2(*! /+'! (2B%*513(%2'F!

4O.3&9+!9+!/0%29*(3+'!$*(5(3(:+'!+'3!$*(:(4.7(.+!/1*! 4+'!513.*(1&Q!8&(! 4+'!/%5$%'+23!'+!

'%23!B%*5.'!3*)'!3U3!912'!4O0('3%(*+!9&!'E'3)5+!'%41(*+!+3!2N%23!$1'!%&!$+&!.:%4&.!9+$&('!

4+&*!1//*.3(%2!'&*! 4+&*!/%*$'!$1*+23,!P+'!/0%29*(3+'!%23!9+'!/%5$%'(3(%2'!3*)'!$*%/0+'!

9&!L%4+(4!;5('!A!$1*3!$%&*!4+'!.4.5+23'!4+'!$4&'!:%413(4'?!+3!'%23!1(2'(!/%2'(9.*.+'!/%55+!

*+B4.3123! 4+'! /%29(3(%2'! $0E'(/%S/0(5(8&+'! 9+! 41! 2.6&4+&'+! $*%3%S'%41(*+,! V44+'! '%23!

/%2'3(3&.+'! 51W%*(31(*+5+23! 9+! /0%29*+'! +3! 9N&2+! 513*(/+! (23+*/0%29*+,! P+'! 9+&Q!

+23(3.'! 5%23*+23! 9+'! /%5$%'(3(%2'F! 3+Q3&*+'! +3! &2+! 5(2.*14%7(+! 9(BB.*+23+'! +3! 6(+2!

9('3(2/3+'!'&77.*123!8&O(4!2O+Q('3+!$1'!9+!*+413(%2!7.2.3(8&+!+23*+!4+'!9+&Q,!X12'!/+!/1'F!

4+'!/0%29*+'!+3!41!513*(/+!'+!'+*1(+23!B%*5.'!*+'$+/3(:+5+23!912'!*.7(%2'!9(BB.*+23+'!9+!

41!2.6&4+&'+,!-+'!/0%29*+'!.3123!4+!*.'&4313!9O&2+!/*('3144('13(%2!A!$1*3(*!9O&2!4(8&(9+F!41!

213&*+!9+! 4+&*'!$*./&*'+&*'!1!$*%B%29.5+23!.3.!5%9(B(.+,!P+'!$*./&*'+&*'!$%&**1(+23!

1:%(*!9+'!%*(7(2+'!3*)'!9(:+*'+'!;$%&''()*+'!B(2+'F!B*175+23'!9+!$4&'(+&*'!7.2.*13(%2'!9+!

/0%29*+'F! $%&''()*+'! 9+! B*175+2313(%2! $412.31(*+F! Y?,! ZB(2! 9O.:14&+*! 41! 213&*+! 9+'!

$*./&*'+&*'! +3! &2+! .:+23&+44+! *+413(%2! +23*+! 41! 513*(/+! +3! 4+'! /0%29*+'F! 2%&'! 1:%2'!

/0%('(!9+!3*1:1(44+*!'&*!9+'!/0%29*+'!A!7*1(2'!B(2'F!$*.'+23123!&2!B1(64+!9+7*.!9+!B&'(%2,!
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!

! "#!

$%&'&()*)(+! +,)-*./0)! 1! 2%3-.4.()! 5)! 6)7! 6,3(5-)7! 8! 8.(7.! 9)0!*35.:.&! 28! (8+0-)! 5)7!
9-&60-7)0-7;! <)7! 6,3(5-)7! 7)*=2)(+! -&702+)-! 5)! 2%84423*&-8+.3(! 5)! 93077.>-)7! 5)!
63*937.+.3(! /087.! 6,3(5-.+./0)! 8?8(+! 70=.! 0(! 6,80::84)!*35&-&! )(+-8@(8(+! 0(! :8.=2)!
+80A!5)!:07.3(!BC).7=)-4!8(5!D-.(EF!GHHIJ!K0E.6L8!)+!82;F!MNGMO;!$P3=Q)6+.:!5)!6)++)!+,>7)!
)7+!53(6!5P&+05.)-!6)! +?9)!5)!6,3(5-)7!)+!5)! +)(+)-!5P.5)(+.:.)-!5P&')(+0)27! 2.)(7!)(+-)!
2)7! *8+&-.80A! /0.! 63(7+.+0)(+! 28! *8+-.6)! )+! 6)0A! 98-+.)22)*)(+! +-8(7:3-*&7! 58(7! 6)7!
6,3(5-)7!1!4-8.(7!+->7!:.(7;!!

$8! (8+0-)!5)7!9,87)7! B*.(&-8234.)! )+! 63*937.+.3(O! /0.! 63(7+.+0)(+! 6)7! 6,3(5-)7! 8.(7.!
/0)!2)0-!*3-9,3234.)!B+)A+0-)O!53.+!(307!-)(7).4()-!70-!2)0-7!*&68(.7*)7!5)!:3-*8+.3(!
)+! 70-! 2)7! 63(5.+.3(7! /0.! -&4(8.)(+! 23-7! 5)! 2)0-! :3-*8+.3(;! $)7! 3=7)-'8+.3(7! 5)! 6)7!
6,3(5-)7! (3(! 30! 9)0! :3(507! *3(+-)(+! /0%.27! 73(+! 63*937&7! 5)! 4-8.(7! +->7! :.(7! =.)(!
730')(+! .(:&-.)0-7! 80!*.6-3*>+-);! R! 6)7! &6,)22)7S21F! 9)0! 5)! +)6,(./0)7! 9)-*)++)(+! 5)!
5&+)-*.()-!63(Q3.(+)*)(+!5)7!.(:3-*8+.3(7!70-!28!*3-9,3234.)F!28!6,.*.)!)+!28!7+-06+0-)!
5)! 2%&6,8(+.223(;! T0! :8.+! 5)! 78! +->7! =3(()! -&7320+.3(! 798+.82)! )+! 5)! 78! *.6-38(82?7)!
87736.&)F! 28!*.6-37639.)! &2)6+-3(./0)! )(! +-8(7*.77.3(! )7+! 2%30+.2! 2)!*.)0A! 8589+&! 930-!
2%&+05)!1!0()!&6,)22)!70=S*.6-3*&+-./0);!

D30-! -&82.7)-! 2P&+05)F! (307! 8'3(7! 6,3.7.! 5)! +-8'8.22)-! 70-! 2)7! 6,3(5-.+)7! 3-5.(8.-)7;!T)!
*8(.>-)!4&(&-82)! 2)7!*8+&-.80A!1! 4-8.(7! :.(7! 73(+! 2)7!9207! 7)(7.=2)7! 80A!*35.:.68+.3(7!
70-! 2)! 63-97! 98-)(+;! U(! 98-+.602.)-! 2%82+&-8+.3(! 8/0)07)! 877.7+&)! 98-! 5)7! :20.5)7! '8!
9-3:3(5&*)(+!*35.:.)-!28!(8+0-)!5)7!*8+&-.80A!5%3-.4.()!'.8!0(!-)*9286)*)(+!98-!5)7!
9,?2237.2.68+)7F! 63**)! 6P)7+! 2)! 687! 930-! 2)7! 6,3(5-.+)7! 68-=3(&)7;! R:.(! *)()-! (3+-)!
&+05)! (307! 8'3(7! 7&2)6+.3((&! 5)0A! 6,3(5-.+)7! 3-5.(8.-)7V! W)*8-L3(8! B$$X;NO! )+!
Y.7,0(90-!B$$X;G"O;!T%0()!*8(.>-)!4&(&-82)! 2)7!6,3(5-.+)7!3-5.(8.-)7!9-.*.+.')7!(%3(+!
70=.! /0)! 9)0! 5%82+&-8+.3(! 8/0)07)! )+! 0(! :8.=2)! *&+8*3-9,.7*)! +,)-*./0);! <)6.! )7+!
(3+8**)(+!70993-+&!98-! 28!9-&7)(6)!5)!*8+&-.)2!8*3-9,)!.(+86+!80!7).(!5)!28!*8+-.6)!
5)!Y.7,0(90-!BR2)A8(5)-!)+!82;F!GHZHO;!W.! 28!*8+-.6)!5)!W)*8-L3(8!*3(+-)! 28!9-&7)(6)!
5%82+&-8+.3(! 8/0)07)! B);4;! R2)A8(5)-! )+! 82;F! GHZH8OF! 2)7! 6,3(5-)7! 7)*=2)(+! 8'3.-! &+&!
&98-4(&7!BY-)8-2)?F!MNNIO;!<)7!6,3(5-.+)7!3-5.(8.-)7!9-.*.+.')7!7)*=2)(+!8.(7.!5)!=3(7!
68(5.58+7!930-!2%&+05)!5)!*8+&-.80A!1!4-8.(7!:.(7;!
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!

! "#!

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

,-'#./.0.1&)!)'!$%%(.2#)!)3%-(&4)5'$0)!

!

6.44$&()!
$%&!'(!)*+,-.+-/*0!0'0+1,-2*340!(!5('(6(70!(2('61*340!8)05(9 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%:&!

$%$!'(!)*+,-.+-/*0!0'0+1,-2*340!02!1,(2.)*..*-2!(2('61*340!8)01(9%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%:;!

!"!"#$%&'()&)*+,-$./0$'12)-*+33,-0"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""45!
$%&%&%&!(<=>?=@@A<A>B!=C>=DEA %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% :"!
$%&%&%$!'F<A@!GFH!IF=@?AFE!JK=C>@!IC?FL=@M@!8N*59%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% :O!

!"#"!$%&+-1+(/$./$6,-1*+,--/7/-*$.8$9:;""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""4<!

!"#"=$>/0$*/12-+?8/0$)00,1+'/0$)8$9:;"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""@A!
$%&%;%&!'F!J=IIHF?B=C>!MLA?BHC>=DEA%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O&!

$%&%;%&%F!+C>J=B=C>!JA!J=IIHF?B=C>!JKE>!?H=@BFL %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O&!
$%&%;%&%P!NCH<FB=C>!JKE>!?L=?QM!JA!J=IIHF?B=C> %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O&!

$%&%;%$!*<FRAH=A!?C>SA>B=C>>ALLA %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O$!
$%&%;%;!*<FRAH=A!.10)!8.?F>>=>R!1HF>@<=@@=C>!0LA?BHC>!)=?HC@?CGT9 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O;!
$%&%;%U!'F!@GA?BHC@?CG=A!A>!J=@GAH@=C>!JKM>AHR=A!JA@!HFTC>@!V!80W.XV9 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O;!

$%&%;%U%F!/HC?MJEHA!JA!DEF>B=I=?FB=C> %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O"!
$%&%;%U%P!YXIF?BAEH@ %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O:!
$%&%;%U%?!/HM?=@=C>!AB!=>?AHB=BEJA!JA@!F>FLT@A@Z %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O[!
$%&%;%U%J!'A@!J=IIMHA>BA@!<CJFL=BM@!J\F?DE=@=B=C>!Z %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% O[!

!

75'(./82'&.5!
WF>@!?A!?QFG=BHA!JMJ=M!FE]!CEB=L@!A<GLCTM@!GCEH!HMFL=@AH!>CBHA!MBEJA^!>CE@!GHM@A>BAHC>@!

LA@!J=IIMHA>BA@!<=?HC@?CG=A@!MLA?BHC>=DEA@!EB=L=@MA@! LCH@!JA!>CBHA!MBEJA! 8)05!AB!)019%!

(GH_@! E>A! PH_SA! JA@?H=GB=C>! JA! LF! <=?HC@?CG=A! MLA?BHC>=DEA! `! PFLFTFRA! 8)059! >CE@!

IAHC>@! E>A! JA@?H=GB=C>! GLE@! JMBF=LLMA! JA! LF! <=?HC@?CG=A! MLA?BHC>=DEA! A>! BHF>@<=@@=C>!

8)019! AB! JA! @A@! BA?Q>=DEA@! F@@C?=MA@! 8A>! GFHB=?EL=AH! LF! <=?HCF>FLT@A! 0W.9%! 2CE@!

JMBF=LLAHC>@! MRFLA<A>B! LA@! J=IIMHA>BA@! GHC?MJEHA@! EB=L=@MA@! GCEH! LF! GHMGFHFB=C>!

JKM?QF>B=LLC>@!GCEH!LF!)01%!!
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!

! "#!

"#$!%&!'()*+,)+-(.!/0.)1*+2(34.!5!6&0&7&8.!&2&071(34.!9:;<=>!

$%!&'()*+(*,'-!./-(0)*1'23-!4!5%/%6%7-! 89:;<!%!.0.!30'/'+.-!,*3)!-==-(03-)!>-+!.03>-+!

,)./'&'1%')-+!80-?03)-@!(*&,*+'0'*1@!0%'//-!>-!7)%'1+!23%1>!-//-!1A-+0!,%+!0)*,!,-0'0-<!-0!!

)-,.)-)! >-+! ).7'*1+! >B'10.)C0! %='1! >A-==-(03-)! >-+! ,)./DE-&-10+! >A.(F%10'//*1+! ,*3)! /%!

9:GH!$%!+0)3(03)-!>B31!9:;!(*&,*)0-!>-!1*&5)-3+-+!)-++-&5/%1(-+!4!(-//-!>B31!9:G!

>*10!/%!>-+()',0'*1!-+0!>*11.-!>%1+!/%!+-(0'*1!+3'E%10-H!I*3+!1*3+!(*10-10-)*1+!>*1(!'('!

>A31! >-+()',0'=! +*&&%')-H! $-! 9:;! 23-! 1*3+! %E*1+! 30'/'+.! %! 31-! ,*'10-! J:K! 8J'-/>!

:&'++'*1!K31<! -0! ,-)&-0! /A30'/'+%0'*1! >-! =%'+(-%3?! >B./-(0)*1+! %((./.).+! 4! 31-! 0-1+'*1!

E%)'%10!#!4!LM!N-OH!P-! =%'+(-%3!-+0! =*(%/'+.! +3)! /%! +3)=%(-!>B31!.(F%10'//*1!&%++'=!23B'/!

5%/%6-! +-/*1! >-+! /'71-+! ,%)%//D/-+! 4! /B%'>-! >-! 5*5'1-+! >-! >.=/-?'*1H! Q*3+! /B'&,%(0! >3!

=%'+(-%3!>B./-(0)*1+@!>'==.)-10+! +'71%3?!E*10!C0)-!.&'+! +-/*1! /%!1%03)-!>-+! '10-)%(0'*1+!

./-(0)*1+R&%0'D)-! 8J'73)-! SH#<H! $-! E*/3&-! >B'10-)%(0'*1! >3! =%'+(-%3! '1('>-10! %E-(! /%!

&%0'D)-!>.()'0!31-!=*)&-!>-!,*')-!>B31!>'%&D0)-!06,'23-!>-!/B*)>)-!>B#!T&!8J'73)-!SHS<H!!

!

?@ABC;!"#$!R!Q(F.&%!'//3+0)%10!/-+!>'==.)-10+!+'71%3?!.&'+!/*)+!>-!/B'10-)%(0'*1!./-(0)*1+R&%0'D)-!-1!9:;H!

!

U%)&'! /-+! >'==.)-10+! +'71%3?! .&'+@! 0)*'+! E*10! ,%)0'(3/'D)-&-10! 1*3+! '10.)-++-)V! /-+!

./-(0)*1+! ).0)*>'==3+.+@! /-+! ./-(0)*1+! +-(*1>%')-+! %'1+'! 23-! /-+! )%6*1+! WH! P-+! +'71%3?!

,)*E'-11-10!>B31-!,)*=*1>-3)!>B'10-)%(0'*1!>'==.)-10-!-0!E*10!1*3+!%,,*)0-)!>'==.)-10+!

06,-+! >B'1=*)&%0'*1+! +3)! /B.(F%10'//*1! 8J'73)-! SHS<H! $-+! ./-(0)*1+! +-(*1>%')-+! -0!



!"#!

$%&$'()**+,%,! ,'-&! +&).),%,! /'+$! )0123$! .4%561-&)..'-7! $3,/35&)8303-&! 3-! 5'-&$1,&3!

&'/'2$1/6)9+3! 3&! (3! (3-,)&%7! 3&! .3,! $1:'-,! ;! /'+$! '<&3-)$! (3,! )-*'$01&)'-,! ,+$! .1!

5'0/',)&)'-! 56)0)9+3=! >3,! ,)2-1+?! ,'-&! 5'..35&%,! @! .41)(3! (A+-! (%&35&3+$! ,/%5)*)9+3! @!

5619+3!,)2-1.=!

!
!"#$%&'()(!B!C3!8'.+03!(4)-&3$15&)'-!%.35&$'-,B01&)D$3!*'$03!+-3!/')$3!(43-8)$'-!E!F0!(3!()10D&$3=!C3,!

()**%$3-&,!,)2-1+?!/$'8)3--3-&!(4+-3!/$'*'-(3+$!()**%$3-&3=!

!

B!"#$%&"'()*+#$#"'*+,-.)"#/$.3,!%.35&$'-,!,35'-(1)$3,!/$'8)3--3-&!(3!.1!,+$*153!/$'563!

(3!.4%561-&)..'-!3&!/',,D(3-&!+-3!*1)<.3!%-3$2)3!(43-8)$'-!GH!3I=!C'$,!(4+-!56'5!3-&$3!.3,!

%.35&$'-,!(+!*1),531+!3&!.3,!1&'03,!(3!.4%561-&)..'-7!+-!%.35&$'-!/$)01)$3!/3+&!5%(3$!+-3!

/1$&)3!(3!!,'-!%-3$2)3!@!+-!%.35&$'-!(3!.1!<1-(3!(3!81.3-53!'+!(3!5'-(+5&)'-!(3!.41&'03!

5)<.37! 5'-(+),1-&! @! .4%J35&)'-! (4+-! %.35&$'-! (3! *1)<.3! %-3$2)3=! K&1-&! ('--%! 9+3! 53,!

%.35&$'-,!/$'8)3--3-&!(3,!5'+563,!,+/3$*)5)3..3,!LM)2+$3!#=#N7!).,!,'-&!&$D,!,3-,)<.3,!1+?!

81$)1&)'-,! (3! .1! ,+$*153! (3! .4%561-&)..'-=! C1! 5'..35&3! (3! 53,! %.35&$'-,! 81! ('-5! -'+,!

1//'$&3$! /$)-5)/1.303-&! (3,! )-*'$01&)'-,! ,+$! .1! &'/'2$1/6)3! (3! .4%561-&)..'-=! C1!

$%,'.+&)'-!,/1&)1.3!'<&3-+3!3,&!(3!.4'$($3!(3!.1!&1)..3!(3!,'-(3!3&!(%/3-(!1)-,)!(+!&:/3!(3!

0)5$',5'/3=!>3..3B5)!81$)3!(3!9+3.9+3,!-1-'0D&$3,!@!/.+,)3+$,!()O1)-3,!(3!-1-'0D&$3,=!

0!"#$ %&"'()*+#$ )%()*,.112#%#/$ 53,! %.35&$'-,! ,'-&! .3! $%,+.&1&! (4+-3! )-&3$15&)'-! 9+1,)B!

%.1,&)9+3!(3,!%.35&$'-,!/$)01)$3,!1835!.3,!-':1+?!1&'0)9+3,=!P.,!/',,D(3-&!+-3!%-3$2)3!

/$'563!(3!53..3!(3,!%.35&$'-,!/$)01)$3,=!C3!-'0<$3!(4%.35&$'-,!$%&$'()**+,%,!1+203-&3!

1835! .3! -+0%$'! 1&'0)9+3! Q! (3,! 1&'03,! 5)<.3,=! C4)0123$)3! 3-! %.35&$'-,! $%&$'()**+,%,!

/$'(+)&! 1)-,)! (3,! )0123,! @! 5'-&$1,&3! Q=! >3,! %.35&$'-,! %&1-&! %-3$2%&)9+3,7! ).,! /3+83-&!
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!

! "#!

$%&'(%)(%! *+(! ,-&.))(*%! -/*)! 0%&+1(! 1(! /2,34&+$.//5+6! 7&! %,)5/*$.5+! )-&$.&/(! )(%&! 15+3!

-/*)!8&.9/(!:*(!3(//(!&))53.,(!&*;!,/(3$%5+)!)(35+1&.%()!<=.0*%(!>6>?6!

@!"#$%&'()#$*A!7&!)-(3$%5)35-.(!B!1.)-(%).5+!1C,+(%0.(!1()!%&D5+)!E!<!"#$%&'()*+#$*),#'

-.$/&' 0+#12$34#2$&F! GHEI?F! ,0&/(J(+$! &--(/,(! J.3%5&+&/D)(F! ()$! *+(! $(34+.:*(! :*.!

*$./.)(!/()!%&D5+)!E!0,+,%,)!/5%)!1(!/C.+$(%&3$.5+!1*!8&.)3(&*!1C,/(3$%5+)!&'(3!/C,34&+$.//5+!

<=.0*%(!>6K?F!-(%J($$&+$!/C&+&/D)(!34.J.:*(!1(!/C,34&+$.//5+6!G+!(88($F!/5%)!1(!/C.+$(%&3$.5+!

1*! 8&.)3(&*!1C,/(3$%5+)!&'(3! /()!&$5J()!1(! /&!J&$.L%(F! ./!-(*$!D!&'5.%!*+(!,M(3$.5+!1C*+!

,/(3$%5+!).$*,!1&+)!/()!35*34()!-%585+1()!1(!/C&$5J(6!N($$(!,M(3$.5+!()$!35J-(+),(!-&%!

/&! 1()3(+$(! 1C*+! ,/(3$%5+! 1()! 35*34()! ,/(3$%5+.:*()! )*-,%.(*%()! )*%! /(! +.'(&*! 1(!

/C,/(3$%5+!,M(3$,6!O8.+!1(!35+)(%'(%! /(!9./&+!,+(%0,$.:*(!0/59&/!1(! /C&$5J(F!*+!-45$5+!E!
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450*+)%23--1%%)7'!'/2! 8)39-':!;3--3)6/! !'2!<)&2'&! =>??"@!1%2!'/2360!A.'! -'!(1-.6'!212)-!
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0-'*2&1%/!%'!/13'%2!2&1,!)9/1&90/:!S%!0*+)%23--1%!'/2!2&)%/,)&'%2!).L!0-'*2&1%/!-1&/A.'!

*'-.3M*3!,1//N4'!.%'!0,)3//'.&!45'%(3&1%!>FF!%6!=1.!3%80&3'.&'@:!TO0*+)%23--1%!%0*'//32'!

41%*! .%'! 02),'! 4'! ,&0,)&)231%! )()%2! /1%! 02.4'! ,)&!C$D:!I)%/! -'! *)4&'! 4'! *'! 2&)()3-E!

4'.L! 2'*+%3A.'/! 4'! ,&0,)&)231%! 1%2! 020! .23-3/0'/!U! -)! ,&0,)&)231%! ,)&! )63%*3//'6'%2!
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$!"#$"%&'(#$%*2(3&'*,!81,!*!)/1+!51(!3;*=+*03,+!4;,:*='!/1!4'!.4,.>2!3'!3,77+*.(,/0!E!4;*,3'!
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3:,'! ;<,81&)! =>"?>! $/! 0%**)0.)! ()! 0)'! ',8-/196! @! *+/,()! ()! (3.)0.)1&'! '730,2,A1)'! /19!

(,223&)-.'! ',8-/196! 4/! 7)&:)..&)! ()! 0%:7*3.)&! */! 0/&/0.3&,'/.,%-! ()! *+305/-.,**%->! $)'!
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0*,053!()!(,22&/0.,%-!A1,!)'.!1.,*,'3!7%1&!(3.)&:,-)&! */!'.&10.1&)!0&,'./**%8&/75,A1)!()'!
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&'()*+,,(%8!=+!*+(,,-!-*!01'2-!.-!,+!2+(,,-!)1%*!./0(%(-)!3+'!A!B-&*-5')!.-!C+)-!+D!C! -*! &! 0+()+
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2dhkl " sin#b = n" $,!

1I!9:!'-3'/)-%*-!,7+%;,-!.7(%&(.-%&-!)5'!,-!3,+%8!
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!"2"$"#":&;(/<%,+()&*12)&04+05=&*-&*+../%0,+()&
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3-*(*)D!.-)!W1%-)!.-!UXX!%2!-%B('1%8!=1')!.-!,+!.(00'+&*(1%!.75%!21%1&'()*+,D!,-!&,(&@/!.-! 
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Dhkl " dhkl = L" # = C, !
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;.$211%&!,%!51.*&!,.*&!1@%&5./%!,2(%/+!3!1@6(2:2*%!,%&!,2;;(./+26*&!%+!,%!,)+%($2*%(!.2*&2!1.!
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!"2"$"!%&'()*+,*%-./0*/1,.//*22*%
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5(!+,0*$(%&.$01*!-+(.$%1*)<7&$0G%(!()$!=1*.$01*!5(!+,-4&0))(8%!5(!+,-./&*$0++1*!IV!RWW!*7M!
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5,2(')*! +)! &G.(0! %3'&*26B+'! 0.2.?,36B+'! 0.2.33H3'! C! 3.! 4+25.&';! <'&6! .! 0,+2! '55'*! 1'!
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$%! !"! &'! !#! ($)'! *&(! +$)+&)',-'.$)(! ,&*-'./&(! 01! 2-((.34&5! 6&(! 7*72&)'(! 8! &'! 9!

,&(:&+'./&2&)';!$"!&'!$#! *&4,(!.)'&)(.'7(!&'!%"&#! *&!<-+'&4,!6&!(&)(.=.*.'7!64!67'&+'&4,!6&!

*>7*72&)'!8!:-,!,-::$,'!?!*>7*72&)'!9@!A&!<-+'&4,!&('!7B-*&2&)'!-::&*7!CD<-+'&4,@!!

E-!27'F$6&!A*.<<!&'!E$,.2&,!0GH"I5!)&!:,&)6!:-(!&)!+$2:'&!*&(!&<<&'(!6>-=($,:'.$)!34.!
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)*+,%-.&!C030.0&!*-,51*,2D-%1%3,!6*.!4%!45C2+2%4!/%!,.*2,%1%3,!/%!/5330%&9!

!

kO/Si kMg/Si kAl/Si kCa/Si kFe/Si 

Tecnai G2-20 1.6 1.1 1.1 1.3 1.7 

Phillips CM30 1.85 1.1 1.1 1.32 1.6 

!"#$%"&'()*!(!'!)*+,%-.&!-,242&0&!45.&!/%!35&!*3*4E&%&9!F%&!)*+,%-.&!53,!0,0!/0,%.1230&!G!4H*2/%!/%!4*!
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R-,.%! 4H*+D-2&2,253! /%! &6%+,.%&?! 4%! 6245,*C%! /-! )*2&+%*-! /W04%+,.53&! 6%.1%,! /2))0.%3,%&!
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!"#$%&'(#)%"*
$%!&'()*+,%!%-+!&./-(&,0!1!230+45%!5%-!,%2(+*./-!&'*6*74%-8!6*/0,(2.9*74%-!%+!+%:+4,(2%-!

74*! %:*-+%/+! %/+,%! 2(! 6(+,*&%! %+! 2%-! &.4,.//%-! (4+.4,! 5%-! &'./5,%-! 5(/-! ;*-'4/)4,!

<==#>?@A>! B.4-! /.4-! C.&(2*-%,./-! 4/*74%6%/+! -4,! 2%-! &.4,.//%-! 1! 9,(*/-! C*/-! 74*!

).--D5%/+! 5%! /.6E,%4-%-! -*6*2*+45%-! (F%&! 2(! 6(+,*&%! <F.*,! -%&+*./! ?>G>?>@>5A>! =(!

),*/&*)(2%!5*CC*&42+0!5%!&%!9%/,%!530+45%!,0-*5%!5(/-!2(!C(*E2%!+(*22%!5%!9,(*/-!<H!?!I6A!5%!

2(!6(J.,*+0!5%-!9,(*/-!74*!&.6).-%/+!2(!6(+,*&%!%+!2%-!&.4,.//%-!1!9,(*/-!C*/->!K.4,!&%2(!

230+45%!(!0+0!,0(2*-0%!)(,!6*&,.-&.)*%!02%&+,./*74%!%/!+,(/-6*--*./!<LMNA!(/(2O+*74%!5%!

-%&+*./-!),0)(,0%-!)(,!PQ;8!),02%F0%-!5(/-!2%-!&.4,.//%-!%+!2(!6(+,*&%>!$%++%!0+45%!5.*+!

)%,6%++,%! 5%! &./+,(*/5,%! 2(! +%:+4,%8! 2(!6*/0,(2.9*%! %+! 2(! &.6).-*+*./! 1! 230&'%22%! -4ER

6*&,.60+,*74%!%+!(*/-*!5%!6%++,%!%/!0F*5%/&%! 2%-!-*6*2(,*+0-!%+! 2%-!5*CC0,%/&%-!%/+,%! 2(!

6(+,*&%!%+!2%-!&.4,.//%-!1!9,(*/-!C*/-!5%!;*-'4/)4,>!

=(! -+,4&+4,%! &./&%/+,*74%! 5%-! &.4,.//%-! -499D,%! 743%22%-! ,0-42+%/+! 534/%! (&&,0+*./!

+(,5*F%! -4,! 2%! &'./5,%8! (F(/+! 23*/&.,).,(+*./! -4,! 2%! &.,)-!)(,%/+>! S*! &%2(!%-+! (F0,08! &%-!

&.4,.//%-!)%4F%/+!&./-+*+4%,!2%!6(+0,*%2!),0&4,-%4,!1!23.,*9*/%!5%-!&'./5,%->!$%,+(*/-!

(4+%4,-! ./+! 09(2%6%/+! ),.).-0! 74%! &%-! &.4,.//%-! ,0-42+%/+! 5%! 23*/+%,(&+*./! 5%-!

&'./5,%-! (F%&! 2%-! ).4--*D,%-! %/F*,.//(/+%-! 5(/-! 5%-! ,09*./-! C,.*5%-! 5%! 2(! /0E42%4-%!

-.2(*,%! <%>9>!T-'U.,+'8!?VWWX!T22%/!%+! (2>8! ?V"YZ! S&.++! %+! (2>8! ?V"[X!L%+\2%,! %+! (2>8! ?VVGX!

;,%(,2%O8! ?VV#A>! B.+,%! 0+45%! 5.*+! /.4-! )%,6%++,%! 5]()).,+%,! 5%-! 0206%/+-!

-4))206%/+(*,%-! (C*/!5%! &./+,(*/5,%!4/%! 0F%/+4%22%! ,%2(+*./! %/+,%! 2%-!6(+0,*(4:!5%! 2(!

6(+,*&%!%+!&%4:!5%-!&.4,.//%-!1!9,(*/-!C*/->!

^(/-!&%!&'()*+,%8!(),D-!4/%!5%-&,*)+*./!5%!2(!60+'.5.2.9*%!%6)2.O0%8!/.4-!(22./-!5(/-!

4/! ),%6*%,! +%6)-! &.6)(,%,! 2%-! +%:+4,%-! %+! 2%-! &.6).-*+*./-! 5%! 2(! 6(+,*&%! %+! 5%-!

&.4,.//%-! 1! 230&'%22%! 54! LM;>! ^(/-! 4/! -%&./5! +%6)-! /.4-! /.4-! (++(&'%,./-! 1! 2(!

5%-&,*)+*./! 5%! 2(! +%:+4,%8! 5%! 2(!6*/0,(2.9*%! (*/-*! 74%! 5%! 2(! &.6).-*+*./! 1! 230&'%22%! 54!

LMN>!M/C*/8!/.4-!,%)2(&%,./-!/.-!5.//0%-!5(/-!2%!&(5,%!5]4/!-&0/(,*.!5%!C.,6(+*./!5%-!

&.4,.//%->!
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0&,/0&0! -&'! F+%&'! 23*%)/0=)<! -.! '&()*+%! .! )+4)! 23.G+02! /)/! &H.?*%/&! ,.0! ?*(0+'(+,*&!

+,)*I4&!&%!4)*-*'.%)!4%!?*(0+'(+,&!,/)0+J0.,5*I4&!K-L?,4'!DMNO!&)!&%'4*)&!&%!4)*-*'.%)!

,0*%(*,.-&?&%)! -3*?.J&0*&! &%! /-&()0+%'! 0/)0+2*EE4'/'! 234%! >P6! BA*).(5*! Q#NOOC9!

73+GR&()*E! /).*)! 2&! 0&,/0&0! -.! ,0/'&%(&! 2&! (+40+%%&'! 1! J0.*%'! E*%'! .4)+40! 2&! (5+%20&'!

2*0&()&?&%)!&%!(+%).()!.S&(! -.!?.)0*(&! E*%&9!7.! E*J40&!89:!,0/'&%)&! -&'! *?.J&'!>P6!2&!

2&4H! (5+%20&'! '/-&()*+%%/'<! (+?,+0).%)! (5.(4%! 4%&! (+40+%%&! &)! 2&! -.! ?.)0*(&! &%!

(+%).()9!!

!

!
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GC! W+40+%%&! 2*'(+%)*%4&! &)! ,&4! /,.*''&! B:OTYO! X?C! .4)+40! 234%! (5+%20&! (0L,)+(0*').---*%V! B(C!
.J0.%2*''&?&%)! 2&! -.! F+%&! 0&().%J4-.*0&! S*'*G-&! &%! B.C! ?+%)0.%)! -.! )0.%'*)*+%! (+40+%%&Z?.)0*(&V! B2C!
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937.35*&1! JE.;:7&! KBSMB! T/&! 6&1! 237'.%:*37.'(1! 6&1! %4:74//&1! 63/1! *&1! %)4/67.'&1!

476./3.7&1! &1'! A:&! 5.&/! 14:9&/'! %&**&1+%.! ! /0&/'4:7&/'! 231! %482*U'&8&/'! *&1! %)4/67&1!
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*(,/38)!),!%)-!8&1/&++)-!:;('%)(1!<=>?!@3A1/)!<=BC=!D3-!E!9(/,!9&1/!%)-!('&+5(+8)-!5)!F(!

),!G%!013!-&+,!8H&+5/3,301)-I!%)-!8&1/&++)-!*&+,/)+,!5)-!('&+5(+8)-!-1'J8H&+5/3,301)-!

)+!DAI!K(I!@)!),!L!:@3A1/)!<=BC=!M(!*(,/38)!*&+,/)!5)-!('&+5(+8)-!)+/38H3)-!)+!G%!),!K(!

9(/!/(99&/,!E!%(!8&*9&-3,3&+!FNI!8H&+5/3,301)-!)+!F(!),!-1'J8H&+5/3,301)-!)+!DAI!@)!),!L=!

F&*9(/(,3O)*)+,I! %)-! 8&1/&++)-!-&+,!(99(1O/3)-!)+!G%!),!K(!9(/! /(99&/,!E! %(!*(,/38)!

*(3-!-&+,!)+!/)O(+8H)!9%1-!/38H)-!)+!DAI!@)!),!L=!

!

    O Na Mg Al Si S Ca Fe 

Moyenne 56.19 1.98 7.69 2.94 20.91 1.00 0.91 8.13 
Matrice 

1! (n=35) 1.94 0.55 0.89 0.44 1.11 1.06 0.31 1.73 

Moyenne 57.24 0.65 10.00 1.74 16.16 2.23 0.91 11.08 
Couronnes 

1! (n=15) 0.37 0.22 2.87 0.39 1.06 0.57 0.31 2.53 

!"#$%"&'()*! J!F&*9&-3,3&+-!8H3*301)-!:(,=PC!*&.)++)-!5)! %(!*(,/38)!),!5)-!8&1/&++)-!*)-1/7)-!9(/!
QRL!(1!DQS=!K!/)9/7-)+,)!%)!+&*'/)!52(+(%.-)-=!FH(01)!(+(%.-)!/)9/7-)+,)!1+)!-1/6(8)!5)!>T!4!>TU*=!

!
!
!
!

!
+,-&.%'()/! J!G'&+5(+8)-!7%7*)+,(3/)-!/(99&/,7)-!E! %(! ,)+)1/!)+!L3!),!+&/*(%3-7)-!E! %(!8&*9&-3,3&+!FN!
9&1/! %(!*(,/38)! ),! %)-! 8&1/&++)-! E! A/(3+-! 63+-! (1,&1/! 5)-! 8H&+5/)-! 5(+-!S3-H1+91/=! M)-! 7%7*)+,-! -&+,!
8%(--7-!9(/!&/5/)!5)!O&%(,3%3,7!8/&3--(+,)=!M)-!8&*9&-3,3&+-!&+,!7,7!*)-1/7)-!9(/!QRL!(1!DQS=!

!

!
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8(,-/,8*6$%!8:*%$%!8(1%$-+$%;!#*!7*+(,/$!$%+!5&7,-1$!8*(!50!%,6,/*+$!*7&(8:$!(,/:$!$-!

<,=!>6!$+!?$!@?,A0($!B;C!$+!B;DE;!<,!/$++$!8:*%$!*7&(8:$!8(1%$-+$!6*!8608*(+!50!+$78%!0-!

*%8$/+!6,%%$=!5*-%!/$(+*,-%!/*%!$66$!/&-+,$-+!5$!-&7'($0F!+(&0%!&0!G'066$%G!@?,A0($!B;HE;!

I,$-! J0$! 6$! %,6,/*+$! *7&(8:$! 8(1%$-+$! 5,..1($-+%! *%8$/+%=! 6$%! /&78&%,+,&-%! %&-+! +(K%!

%$7'6*'6$%! 5L0-$! (1A,&-! M! 6L*0+($=! *)$/! 5$%! +$-$0(%! 7&N$--$%! $-! <,! /&78(,%$%! $-+($!

ODP!$+!OH!*+;P=!$-!>6!$-+($!BP!$+!Q=CP!$+!$-!?$!$-+($!OP!$+!BP!@4*'6$*0!B;OE;!!

!

!
56789:$!";!R!S7*A$%!234!$-!/:*78!/6*,(!5$!6*!7*+(,/$!5$!I,%:0-80(;!T$++$!7*+(,/$!$%+!5&7,-1$!8*(!0-!
*7&(8:$!(,/:$!$-!<,=!>6!$+!?$!5&-+!6*!/&78&%,+,&-!$%+!($8&(+1$!5*-%!6$!+*'6$*0!B;O;!#*!5$0F,K7$!8:*%$!6*!
860%!*'&-5*-+$!$%+!69&6,),-$;!U*-%!6*!7*V&(,+1!5$%!/*%!6$%!&6,),-$%!%&-+!%0'R*0+&7&(8:$%=!&-+!0-$!+*,66$!5$!
A(*,-%!,-.1(,$0($!M!WXX!-7!$+!%&-+!($A(&081$%!%&0%!.&(7$!5$!8*J0$+%;!



!"#$%&'()*+*,*-./01*012*3145.6782*18.31*45*95.36:1*;681*1.*412*:7/378812*<*=35682*;682>!

!

! "#!

!
!"#$%&'()*!$!%&'!()*+,(+'!&*+-&!.&'!/-,0*'!*&!')*+!1,'!2-,*('!&+!)*!)3'&-4&!.,!1-5'&*(&!678*!,9)-1:&!

&*+-&!.&'!/-,0*';!<&'!/-,0*'!6&!95+,.!')*+!5/,.&9&*+!1-5'&*+'!6,*'!.,!9,+-0(&!6&!=0':8*18-;!

!

!

!
!"#$%&'()+! $! >9,/&'!?@A!&*! (:,91! (.,0-!9)*+-,*+! .&'! 60225-&*+'! ,'1&(+'! 68! '0.0(,+&! ,9)-1:&;!<,*'! .,!
9,B)-0+5!6&'!(,'!.7,9)-1:&!1-5'&*+&!8*!,'1&(+!.0''&!9,0'!6,*'!(&-+,0*'!(,'!0.!()*+0&*+!6&!*)93-&8C!+-)8'!
)8! D38..&'D;! E)8-! ,8+,*+! .&'! ,*,.F'&'! @<G! &22&(+85&'! ,8! ?@A! *&! 9)*+-&*+! 1,'! 6&! 60225-&*(&'! 6&!
()91)'0+0)*'!HA,3.&,8!I;JK;!



!"#!

    Na Mg Al Si K Ca Fe O 

Moyenne 0.67 1.50 3.73 26.97 0.12 0.35 2.35 64.13 Matrice  
(lisse) 

1! (n=64) 0.34 0.91 1.18 1.82 0.07 0.46 1.53 0.88 

Moyenne 0.75 1.63 4.30 26.54 0.16 0.21 2.23 64.06 Matrice  
("bullé") 

1! (n=11) 0.36 0.48 0.19 0.38 0.08 0.07 0.39 0.31 

Moyenne 1.37 1.37 2.67 27.73 0.16 0.31 2.19 64.08 
Couronne 

1! (n=18) 0.74 0.50 1.19 1.86 0.09 0.15 0.67 0.84 

!"#$%"&'()*!$!%&'(&)*+*&,)!-.+/01!23!)*4*5.+6!.'&7(86!2.,)!46)!5&37&,,6)!6+!2.,)!4.!'.+7*56!)64&,!4637)!
'&7(8&4&9*6)!-4*))6!&3!:!;344<6!=1/!>6)!.,.4?)6)!,6!'&,+76,+!(.)!26!2*@@<76,56)!,&+.;46)!26!5&'(&)*+*&,!
)64&,! 4.! +6A+376! 26! 4B.'&7(86/! >.! 5&'(&)*+*&,! 26! 4C.'&7(86! 2.,)! 46)! 5&37&,,6)! 6)+! <9.46'6,+! +7D)!
)6';4.;46!E! 56446!2.,)! 4.!'.+7*56/!>6)! 5&'(&)*+*&,)!&,+!<+<!'6)37<6)!(.7!FGH!.3!IFJ/!K!76(7<)6,+6! 46!
,&';76!2C.,.4?)6)/!

>C&4*L*,6!6)+!4.!263A*D'6!(8.)6!4.!(43)!.;&,2.,+6!2.,)!4.!'.+7*56!-M*9376!N/O!6+!N/P1/!>6)!

97.*,)!2B&4*L*,6!)&,+!2.,)!4.!(43(.7+!26)!5.)!)3;$.3+&'&7(86)!6+!(7<)6,+6,+!3,6!@&7'6!

+7.(36! &3! .44&,9<6Q! .L65! 3,6! 97.,34&'<+7*6! 5&'(7*)6! 6,+76! O#!,'!6+! O##!,'! -M*9376!

N/R1/!J&3+6@&*)!4.!'.S&7*+<!26)!&4*L*,6)!(&))D26!3,6!+.*446!26!97.*,)!*,@<7*6376!E!T##!,'/!

H&3L6,+Q! 46)! 97.*,)! 2B&4*L*,6! )&,+! 7697&3(<)! )&3)! @&7'6! 26! U(.V36+)U! .L65! 3,6!

&7*6,+.+*&,!57*)+.44*,6!.4<.+&*76!-M*9376!N/O!6+!N/P1/!G.,)!4.!'.S&7*+<!26)!5.)Q!46)!&4*L*,6)!

,6!)&,+!(.)!6,!5&,+.5+!6+!(.7!5&,)<V36,+!*4!,C?!.!(.)!26!S&*,+)!26!97.*,)/!G.,)!46)!5.)!&W!

46)! &4*L*,6)! )&,+! 6,! 5&,+.5+! 563A$5*! ,6! )&,+! (.)! @7.,5)! 6+! '&,+76,+! 4.! (7<)6,56! 2C3,!

.'&7(86!.3!,*L6.3!26!56)!S&*,+)!26!97.*,)!-M*9376!N/P1/!!

!
+,-&.%'()/'0'>6)!&4*L*,6)!-567+.*,6)!)&,+!)374*9,<6)1!26!4.!'.+7*56!)&,+!)3;$.3+&'&7(86)!6+!(7<)6,+6,+!

2*@@<76,+6)!'&7(8&4&9*6)!-+7.(36!&3!.44&,9<61/!X'.96)!IFJ!6,!58.'(!54.*7/!
!



!"#$%&'()*+*,*-./01*012*3145.6782*18.31*45*95.36:1*;681*1.*412*:7/378812*<*=35682*;682>!

!

! "#!

$%!&'%()*!+%,-'./0!)*1!&'%.(1!)2-3.4.(*!%!5(*!/%.33*!)*!&'%.(1!.(60'.*5'*!7!#88!(+!95.!*1/!

0&%3*+*(/!.(60'.*5'!7!3:0;%.11*5'!)*!3%!3%+*!<=>?!@%(1!A*!A%1B!.3!*1/!).66.A.3*!)*!)0/*'+.(*'!

;'0A.10+*(/! 3%! A-+;-1./.-(! .().4.)5*33*! )*1! &'%.(1! A%'! 3*1! *66*/1! )*! A-(4-35/.-(! )*!

;C%1*1!%4*A! 3:%+-';C*!*(4.'-((%(/! 1-(/! .+;-'/%(/1!*/!)-.4*(/!D/'*!;'.1! *(! A-+;/*?!E!

;%'/.'!)*!3%!A-+;-1./.-(!)5!1.3.A%/*!%+-';C*!FG%H3*%5!I?JKB!3*1!%(%3L1*1!)*1!-3.4.(*1!-(/!

0/0! A-''.&0*1! *(! ;'*(%(/! *(! A-+;/*! 3:*MAN1! )*! O.! ;'-4*(%(/! )5! 1.3.A%/*! %+-';C*?! @*1!

A-+;-1./.-(1!%.(1.!A-''.&0*1!*/!'*;'01*(/%/.4*1!1-(/!'*;-'/0*1!)%(1!3*!G%H3*%5!I?I?!P*1!

-3.4.(*1!1-(/!'.AC*1!*(!<*!*/!;-11N)*(/!5(!AC%+;!)*!A-+;-1./.-(!0/*()5!%33%(/!)*!<%Q!7!

<%RQ!%4*A!5(*!A-+;-1./.-(!+-L*((*!<%Q8!F<.&5'*!I?"K?!P*'/%.(*1!-3.4.(*1!;'01*(/*(/!)*1!

A-+;-1./.-(1! +-.(1! '.AC*1! *(! 6*'! FS<%I8K?! P*1! )*'(.N'*1! -(/! 5(*! /%.33*! )*! &'%.(1!

15;0'.*5'*!%5M!%5/'*1!-3.4.(*1!FTQ88!(+K!*/!+-(/'*(/!)*1!U-(%/.-(1!AC.+.95*1!%4*A!5(!

AV5'!'.AC*!*(!W&!*/!5(*!H-')5'*!'.AC*!*(!<*?!X33*1!1-(/!(-/%++*(/!-H1*'40*1!7!3:%.)*!)*!

3%! ).660'*(A*! )*! A-(/'%1/*! 15'! 3*1! .+%&*1! OGXW! F<.&5'*! I?#8K?! P*1! -3.4.(*1! ;-11N)*(/!

0&%3*+*(/! 5(*! +.A'-1/'5A/5'*! ).660'*(/*! )*1! %5/'*1! -3.4.(*1?! X(! *66*/! A*33*1YA.!

A-(/.*((*(/!)*1!).13-A%/.-(1!'*A/.3.&(*1!1*3-(!3%!).'*A/.-(!!!*/!95.!;'01*(/*(/!5(!4*A/*5'!

)*!>5'&*'!!?!=3!1:%&./!)-(A!)*!).13-A%/.-(1!4.1?!

!

!
"#$%&'( )*+! Y! Z.1/-&'%++*1! +-(/'%(/! 3%! A-+;-1./.-(! )*1! -3.4.(*1! )*! 3%! +%/'.A*! F7! &%5AC*K! */! )*1!
A-5'-((*1!F7!)'-./*K?!$*1!)-((0*1!1-(/!'*;'01*(/0*1!*(!/*'+*!)*![6%L%3./*!F<%K!*/!-(/!0/0!+*15'0*1!;%'!
X@O!%5!WXG?!

!

!



!"#!

!
!"#$%&'()*+!$!%&'()*+&,!-.*/*+&,!)/&0!1+&!()*..&!2&!3')*+,!,145'*&1'&!6!788!+9!4'5,&+(&+(!1+&!:-+)(*-+!
0;*9*<1&! )/&0!1+! 0=1'! '*0;&! &+!>3! &(! 1+&!?-'21'&! '*0;&! &+!@&A! %&,! :-+)(*-+,! 0;*9*<1&,!4&1/&+(! B('&!
-?,&'/5&,!6! .C)*2&!2&! .)!2*DD5'&+0&!2&! 0-+('),(&! ,1'! .&,! *9)3&,!EFG>A!%&,!-.*/*+&,!4-,,H2&+(!53).&9&+(!
1+&! 9*0'-,('10(1'&! 2*DD5'&+(&! 2&,! )1('&,! -.*/*+&,A! G+! &DD&(! 0&..&,$0*! 0-+(*&++&+(! 2&,! 2*,.-0)(*-+,!
'&0(*.*3+&,!,&.-+!.)!2*'&0(*-+!,!&(!<1*!4'5,&+(&+(!1+!/&0(&1'!2&!I1'3&'!,!J*+2*<15!4)'!.&,!D.H0;&,KA!L.!,C)3*(!
2-+0!2&!2*,.-0)(*-+,!/*,A!

!

  Spectres O Na Mg Al Si Ca Cr Mn Fe 

Spc 45 57.14 - 14.99 0.04 14.26 0.05 - 0.10 13.42 

Spc 22 57.14 - 15.68 0.03 14.26 0.25 - 0.08 12.56 

Spc 80 57.21 - 15.13 0.31 14.26 0.05 - 0.09 12.95 

Spc 44 57.18 - 14.87 0.15 14.29 0.03 - 0.11 13.39 

Spc 43 57.17 - 13.77 0.26 14.20 0.19 - 0.12 14.29 

Olivines 

Spc 54 57.14   13.33 0.23 14.16 0.11   0.19 14.84 

Spc 15 60.38 0.32 20.04 0.21 19.79 0.16 0.00 0.00 0.09 

Spc 99 60.33 0.15 20.01 0.62 19.25 0.55 0.08 0.01 0.04 

Spc 48 60.08 0.11 10.61 1.00 20.08 6.62 0.05 0.01 0.35 

Spc 97 59.88 0.18 13.13 1.14 18.78 6.12 0.09 0.09 0.06 

Spc 88 59.93 0.11 7.30 0.82 19.68 0.10 0.02 0.07 9.56 

Pyroxènes 

Spc 85 59.64 0.32 9.96 0.81 17.47 0.03 0.01 0.08 10.33 

-./0&.$'()(!$!%-94-,*(*-+,!'&4'5,&+()(*/&,!J)(AMK!2&,!-.*/*+&,!&(!4N'-OH+&,!2&!.)!9)('*0&A!P1!D)*(!2&!.)!
D)*?.&! ()*..&!2&! 3')*+,!2&,!-.*/*+&,Q! .&,! )+).N,&,!-+(! 5(5! 0-''*35&,!21! ,*.*0)(&! )9-'4;&!&+/*'-++)+(! J/-*'!
(&O(&KA!R&,!)+).N,&,!-+(!5(5!&DD&0(15&,!4)'!GPE!)1!>GFA!



!"#$%&'()*+*,*-./01*012*3145.6782*18.31*45*95.36:1*;681*1.*412*:7/378812*<*=35682*;682>!

!

! "#!

$%&'()*+!,-&+*+!*.!,/'+!0&12/*!&23.4&.5*!+3.(!67&/*8*.(!,)6+*.(*+!4&.+!/&!8&()15*!(*/+!
9'*!4*+!,:)3;<.*+!*(!4*+!,-&+*+!86(&//19'*+=!>&!8&?3)1(6!4*+!,:)3;<.*+!*+(!,&'@)*!*.!
A&! *(! /*+! &.&/:+*+! 1.419'*.(! 9'%1/! +%&71(! ,)1.51,&/*8*.(! 4%*.+(&(1(*! *(! 4%-:,*)+(-<.*!
BC&2/*&'! #=#D=! A*+! ,:)3;<.*+! +3.(! +'2E&'(383),-*+! F! &'(383),-*+! *(! ,3++<4*.(! '.*!
(&1//*! 4*! 7)&1.+! 538,)1+*! *.()*! GHH! *(! IHH! .8=! J/! :! &! 4*';! ,3,'/&(13.+! 4*! ,-&+*+!
86(&//19'*+=! >K'.*! *+(! ,&'@)*! *.!.15L*/! B(:,19'*8*.(!HMN!OD! *(! /K&'()*! )15-*! *.!.15L*/!
BNHOD!BC&2/*&'!#=PD=!Q//*+!+*!,)6+*.(*.(!+3'+!03)8*!4*!7)&1.+!,/'+!3'!831.+!+,-6)19'*+M!
*.!1.5/'+13.!4&.+!/%&83),-*!&@*5!'.*!(&1//*!&@31+1.&.(!/*+!GHH!.8!BR17')*!#=SD=!!

!

Phases métalliques S Cr Fe Ni 

spc 55 0.23 0.20 99.17 0.40 

spc 49 0.01 0.07 99.17 0.75 

spc 20 0.29 0.15 49.98 49.59 

spc 4 0.09 0.44 49.61 49.85 

spc 67 0.29 0.03 50.78 48.89 

spc 63 0.02 0.03 49.10 50.85 

!"#$%"&'()*!E!A38,3+1(13.+!B&(=OD!4*+!,-&+*+!86(&//19'*+!)*.53.()6*+!4&.+!/&!8&()15*!4*!T1+-'.,')=!

!

U/'+1*')+! 5&)(37)&,-1*+! 5-1819'*+! 3.(! 6(6! )6&/1+6*+! 4&.+! /&! 8&()15*=! Q//*+! )6@</*.(! /&!
,)6+*.5*!4*!.&.3E+'/0')*+!&1.+1!9'*!4*+!,-&+*+!)15-*+!*.!V/! BR17')*!#=GG!*(!#=GID=!>*+!
+'/0')*+!&,,&)&1++*.(!+3'+!03)8*!4*!7)&1.+!1.41@14'*/+!4*!(&1//*!1.06)1*')*!F!GHH!.8!&'!
+*1.! 4'! +1/15&(*! &83),-*=!W&/7)6! /&! 03)(*! 53.@3/'(13.! &@*5! /%&83),-*! B4'! 0&1(! 4*! /*')!
0&12/*!(&1//*D!/*+!&.&/:+*+!Q$X!)6@</*.(!9'%1/!+%&71(!4*!+'/0')*+!4*!0*)!.*!53.(*.&.(!,&+!3'!
,*'!4*!Y1=!

!

!

!

!



!"#!

!

!

!
!"#$%&'()**! $! %&'! ()*+,-*)./0&'! (/01023&'!4&! 5)!1)+*0(&!1,6+*&6+! 5)!.*7'&6(&!4&! '3583*&'! 9,*)6-&!,3!
:)36&;<!=&'!'3583*&'!',6+!.*7'&6+'!',3'!8,*1&!4&!-*)06'!0640>043&5'!4&!+)055&!0687*0&3*&!?!@AA!61!)3!'&06!4&!
5B)1,*./&!4&!5)!1)+*0(&<!C5!'B)-0+!4&!'3583*&'!4&!8&*!6&!(,6+&6)6+!.)'!,3!.&3!4&!D0<!

!

!

%&'! ./)'&'! *0(/&'! &6! E5! )..)*)0''&6+! ',3'! 8,*1&! 4&! -*)06'! 4B&6>0*,6! FAA! 61! &+! ',6+!

'G'+71)+023&1&6+!)'',(07&'!)3H!,50>06&'!&6!I.)23&+'I!4&! 5)!1)+*0(&! 9J0-3*&!K<@F;<!%&'!

(,1.,'0+0,6'!',6+! *&.,*+7&'!4)6'! 5&!L)M5&)3!K<N<!O)*10!(&'!./)'&'!,6!.&3+!40'+06-3&*!

4&3H! (,1.,'0+0,6'! +G.&'<! =&*+)06'! -*)06'! ,6+! 36&! (,1.,'0+0,6! )>&(! 4&'! +&6&3*'! &6!E5!

'3.7*0&3*&'! ?! FAPQ! (&! 230! 6R&'+! .)'! +*,.! 75,0-67!4&! 5)! (,1.,'0+0,6!43! '.06&55&! !"#$%"&'

!()!*' ST-E5FU#V<! C5'! (,6+0&66&6+! 7-)5&1&6+! 43! 8&*! &6! (,6(&6+*)+0,6! 8)0M5&<! WR)3+*&'!

-*)06'Q!+,3:,3*'!4&!'.06&55&Q!,6+!4&'!+&6&3*'!&6!E5!M&)3(,3.!.53'!8)0M5&'!(,1.*0'&'!&6+*&!

X!&+!@Y!)+<P!&+!4&'!+&6&3*'!&6!J&!'3.7*0&3*&'!?!@X!)+<P!9L)M5&)3!K<N;<!%B&6'&1M5&!4&!(&'!

)6)5G'&'! '&1M5&! 064023&*!36&! ',53+0,6! ',504&! &6+*&! 5&! '.06&55&! !"#$%"&' !()!*' ST-E5FU#VQ!

5BZ&*(G60+&!SJ&E5FU#V!&+!5)!1)-67+0+&!SJ&F[J&K[FU#V<!

!



!"#$%&'()*+*,*-./01*012*3145.6782*18.31*45*95.36:1*;681*1.*412*:7/378812*<*=35682*;682>!

!

! "#!

!

!

!
!"#$%&'()*+! $! %&'! ()*+,-*)./0&'! (/01023&'!4&! 5)!1)+*0(&!1,6+*&6+! 5)!.*7'&6(&!4&!./)'&'! *0(/&'!&6!85!
9'.06&55&':;! <&'! ./)'&'! ',6+! )'',(07&'! )=&(! 5&'! ,50=06&'! &6! >.)23&+'>! &+! .,''?4&6+! 36&! +)055&! 4&! -*)06'!
4@&6=0*,6!ABB!61;!%&'!)6)5C'&'!4&!(&'!'.06&55&'!',6+!*&.,*+7&'!4)6'!5&!D)E5&)3!F;#;!

!

!

Spectres O Mg Al Cr Fe 

Spc 25 57.11 5.90 25.19 0.99 10.81 

Spc 62 57.16 7.40 21.75 2.90 10.78 

Spc 64 57.12 5.53 15.23 2.23 19.90 

Spc 22 57.15 10.77 12.67 1.19 18.22 

Spc 73 57.19 12.92 8.10 1.51 20.28 

,-./&-$'()0!$!<,1.,'0+0,6'!9)+;G:!4&'!'.06&55&'!9H0-3*&!F;IA:;!J6&!.*&10?*&!.,.35)+0,6!4&!'.06&55&'!&'+!
*0(/&!&6!85K!)=&(!4&'!+&6&3*'!'3.7*0&3*&'!L!AB!)+;GK!(M&'+$L$40*&!36&!(,1.,'0+0,6!.*,(/&!4&!5)!(,1.,'0+0,6!
43! '.06&55&! !"#$%"&' !()!*' NO-85APQR;! %@)3+*&! .,.35)+0,6! )! 4&'! +&6&3*'! &6! 85! E&)3(,3.! .53'! S)0E5&'K!
(,1.*0'&'! &6+*&! T! &+! IU! )+;G! &+! 4&'! +&6&3*'! &6! H&! '3.7*0&3*&'! L! IT! )+;G;! %@&6'&1E5&! 4&! (&'! )6)5C'&'!
'&1E5&! 064023&*!36&! ',53+0,6! ',504&! &6+*&! 5&! '.06&55&! !"#$%"&' !()!*! NO-85APQRK! 5@V&*(C60+&! NH&85APQR! &+! 5)!
1)-67+0+&!NH&AWH&FWAPQR;!%&'!(,1.,'0+0,6'!,6+!7+7!1&'3*7&'!.)*!XYZ!)3!OXD;!

!



!"#!

!"#"!"#$%&'()*+,-&.$/.0$1,2),''.0$

$%&! '()*(++%&! ,! -*./+&! 0/+&! &(+1! 2.*-%3%+1! 4(3/+5%&! 6.*! 4%&! -*./+&! 47(2/8/+%! 9:/-)*%!
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(2/8/+%&!8.*/%!4%!=DD!,!EDD!+3<!$%&!'()*(++%&!'(+1/%++%+1!5-.2%3%+1!4%&!&)20)*%&!4%!0%*!9:%K?!./+&/!I)%!
4)!351.2<!



!"#$%&'()*+*,*-./01*012*3145.6782*18.31*45*95.36:1*;681*1.*412*:7/378812*<*=35682*;682>!

!

! "#!

!
!"#$%&'()*+!$!%&'()*+),-,'(!.!/*!-*()+0,1!/,2!3)*+'2!45&/+6+',!4,2!0&7)&'',2!2&'(!2&76,'(!,'!0&'(*0(!/,2!
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;@8! %,)(*+',2! &/+6+',2! 0&'(+,'','(! 4,2! +'0/72+&'2! 4,! ;*+D/,! -*22,! >:&+'(<,2! :*)! /,2! ;/B0=,2@! G7+! 2&'(!
0*)*0(<)+2<,2!:*)!7'!0&'()*2(,!0/*+)!27)!/,2!+-*3,2!HIJK8!!



!"#!
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!

  Spectres O Na Mg Al Si Ca Cr Mn Fe 

Spc 19 57.16   14.88 0.03 14.30 0.01   0.11 13.52 

Spc 68 57.13 - 14.87 0.07 14.24 0.02 - 0.11 13.56 

Spc 45 57.13 - 16.33 0.05 14.24 0.04 - 0.08 12.14 

Spc 102 57.16 - 14.57 0.09 14.28 0.03 - 0.11 13.77 

Spc 98 57.23 - 14.86 0.35 14.28 0.18 - 0.09 13.01 

Spc 76 57.15  16.50 0.04 14.28 0.01  0.08 11.94 

Spc 78 57.10  14.11 0.00 14.19 0.06  0.11 14.42 

Olivines 

Spc 33 57.08  17.91 0.03 14.15 0.09  0.10 10.62 

Spc 68 60.13 0.27 17.10 0.52 18.97 4.65 0.11 0.19 0.26 

Spc 36 60.05 0.64 11.00 0.61 19.00 7.19 0.37 0.11 1.80 

Spc 88 59.70 0.25 7.88 1.87 18.37 0.06 0.07 0.07 11.90 
Pyroxènes 

Spc 89 59.89 0.10 9.10 0.69 17.44 0.03 0.02 0.11 12.60 

!"#$%"&'()*!$!%&'(&)*+*&,)!-.+/01!23)!&4*5*,3)!3+!(67&89,3)!(7:)3,+)!2.,)!43)!;&<7&,,3)!.<+&<7!23)!
;=&,273)/!>3)!;&'(&)*+*&,)!&,+!:+:!'3)<7:3)!(.7!?@A!.<!B?C/!

!

!

!

Sulfures S Cr Fe Ni 

spc 58 49.14 0.15 50.70 0.00 

spc 54 48.94 0.01 51.05 0.00 

spc 46 50.23 0.03 49.73 0.01 

spc 37 49.48 0.00 50.50 0.02 

spc 35 50.94 0.02 49.03 0.00 

spc 34 51.67 0.00 48.30 0.03 

!"#$%"&'()+!$!%&'(&)*+*&,)!-.+/01!23)!)<4D<73)!2.,)!43)!;&<7&,,3)!.<+&<7!23)!;=&,273)/!E4!)F.G*+!2F<,!
':4.,G3!H#$H#!23!I3!3+!A!-C7&*4*+31/!

!

!
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'/6(*+4!2-64! ,(4!)>+&?@6(4!2(! ,-!'-.+/0(! (.! 2(4! 0&*+&66(4! 4&6.! 7B-,('(6.! 4/'/,-/+(4!

CG-9,(-*!E:E!(.!E:KI:!!

!
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+&*B(I!-/64/!A*(!2(4!0&*+&66(4!C(6!6&/+I:!J(4!-6-,>4(4!'&6.+(6.!A*(!,(4!0&')&4/./&64!2(4!)>+&?@6(4!4&6.!
.+@4!4('9,-9,(4:!
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J(4! 0&*+&66(4! 0&6./(66(6.! -*44/! 2(4! )5-4(4! '7.-,,/A*(4! '-/4! 0(,,(4<0/! 4&6.! '&/64!

-9&62-6.(4!A*(!2-64! ,-!'-.+/0(! CD/B*+(!E:"N!(.!E:"OI:!J(4!0&')&4/./&64!2(!0(4!)5-4(4!

'7.-,,/A*(4!4&6.!4/'/,-/+(4!P!0(,,(4!2(!,-!'-.+/0(!CG-9,(-*!E:QI:!%&''(!)&*+!,-!'-.+/0(1!

2(4!0-+.&B+-)5/(4!05/'/A*(4!&6.!)(+'/4!2(!'(..+(!(6!7=/2(60(!,-!)+74(60(!2(!4)/6(,,(4!

+/05(4!(6!R,:!S,4!&6.!2(4!0&')&4/./&64!4/'/,-/+(4!-*?!4)/6(,,(4!2(!,-!'-.+/0(!CG-9,(-*!E:NI:!

Spectres O Mg Al Cr Fe 

Spc 25 57.23 5.87 25.16 0.96 10.78 

Spc 90 57.03 7.62 21.16 1.07 13.11 

Spc 75 57.13 10.53 15.54 1.08 15.73 

Spc 71 57.17 12.57 10.10 1.16 19.01 

Spc 70 57.19 14.59 4.66 1.26 22.30 

,-./&-$'()0!<!%&')&4/./&64!C-.:TI!2(4!4)/6(,,(4!+/05(4!(6!R,!2-64!,(4!0&*+&66(4:!J(4!0&')&4/./&64!4&6.!
4('9,-9,(4!P!0(,,(4!2(4!4)/6(,,(4!2(!,-!'-.+/0(!CG-9,(-*!E:UI:!J(4!0&')&4/./&64!&6.!7.7!'(4*+7(4!)-+!VWX!
-*!YVG:!

!
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3)0A0'*(! -0+.*(! *'! 6*-! GF&H#! *'! 73I*''*J;! K*(! 3)0A0'*(! (3'1! (5=L&51373-/.*(! *1!
/-4(*'1*'1! ,0664-*'1*(!73-/.3)3:0*(! G1-&/5*(! 35! &))3':4*(J! /35-! 5'*! 1&0))*! ,*! :-&0'(!
0'64-0*5-*! 9! "##! '7;! %M&51-*! 3)0A0'*(! 730'(! -0+.*(! *'! 6*-! (3'1! 4:&)*7*'1! /-4(*'1*(2!
+*))*(L+0!(3'1!/)5(!:-3((*(!GNH##!'7J!*1!+3'10*''*'1!,*(!,46&51(!+-0(1&))0'(!G,0()3+&103'(!
!!A0(J;!%*(!/I-3BO'*(2!(/0'*))*(!*1!'&'3L(5)65-*(!(3'1!4:&)*7*'1!/-4(*'1(!*'!/)5(!6&0=)*!
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C*(! +35-3''*(! 9! :-&0'(! 60'(! (3'1! ,370'4*(! /&-! ,*(! 3)0A0'*(! (5=L&51373-/.*(! 9!
&51373-/.*(! &A*+! 5'*! 1&0))*! ,*! :-&0'(! A&-0&'1! ,*! "##! 9! H##! '7;! K*(! 3)0A0'*(! (3'1!
4:&)*7*'1! -0+.*(! *'! 6*-! GF&PQ! *'!73I*''*J!7&0(!73'1-*'1! 5'! +.&7/! ,*! +37/3(0103'!
/)5(! -*((*--4! /&-! -&//3-1! 9! +*))*(! ,*! )&!7&1-0+*;! R'! (0)0+&1*! &73-/.*! ,*! +37/3(0103'!
(070)&0-*! 9! )&! 7&1-0+*! *(1! /-4(*'1! *'1-*! )*(! :-&0'(! &A*+! 5'*! &=3',&'+*! =0*'! 730'(!
07/3-1&'1*;! C*(! +35-3''*(! 73'1-*'1! *'! -*A&'+.*! 5'*! /)5(! :-&',*! &=3',&'+*! *'!
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"#$%&'()$*&#!
$%!&'()*+,%!%-+!&./-(&,0!1!230+45%!5%!&'./5,%-!/./!6./54-!(6*/!53.7+%/*,!5%-!*/5*&(+*./-!

-4,!2(!/(+4,%!5%-!),0&4,-%4,-!(*/-*!84%!-4,!2%-!),%9*:,%-!0+()%-!5%!+,(/-6.,9(+*./!5%!2(!

9(+*:,%! 2.,-! 5%! 2(! 6.,9(+*./! 5%-! &'./5,%-;! <(! =,(/5%! 9(>.,*+0! 5%-! &'./5,%-! %-+! 2%!

,0-42+(+!530?0/%9%/+-!5%!'(4+%-!+%9)0,(+4,%-!@(4A5%--4-!5%!2(!+%9)0,(+4,%!54!-.2*54-!

.4!54!2*84*54-B;!C(/-!&%!&./+%D+%E!2%-!),0&4,-%4,-!-./+!5./&!+.+(2%9%/+!50+,4*+-!%+!*2!%-+!

(2.,-!+,:-!5*66*&*2%E!-*/./!*9).--*72%E!53.7+%/*,!5%-!*/6.,9(+*./-!-4,!2%4,!/(+4,%!@+(*22%!5%!

=,(*/-E!9*/0,(2.=*%E! &.9).-*+*./-E!FB;! G/! %66%+E! 7*%/! 84%! 2%! -&0/(,*.! 5%! 6.,9(+*./! 5%-!

&'./5,%-!-.*+!%/&.,%!1!&%!>.4,!5*-&4+0E!&%4DA&*!-./+!*/+%,),0+0-!&.99%!2%!,0-42+(+!534/%!

&,*-+(22*-(+*./! ,()*5%! 1! )(,+*,! 534/! 2*84*5%! *--4! 5%! 2(! 64-*./! +.+(2%! .4! )(,+*%22%! 534/!

),0&4,-%4,!-.2*5%!@?.*,!$'()*+,%!"E!-%&+*./!";H;";#;7B;!I6*/!5%!&./+.4,/%,!&%++%!),%9*:,%!

5*66*&42+0E!/.4-!(22./-!6.&(2*-%,!/.+,%!0+45%!-4,!5%-!&'./5,%-!84*!/3./+!-47*!84%!)%4!.4!

)(-!5%!64-*./!)(,+*%22%!2.,-!5%!2%4,!6.,9(+*./;!$%-!&'./5,%-E!-.4?%/+!())%20-!J!&'./5,%-!

(==2.90,0-!K!-./+!*/+%,),0+0-!&.99%!0+(/+!2%!,0-42+(+!5%!23(==2.90,(+*./!53(=,0=(+-!5%!

).4--*:,%-!6*/%-!@L%*-7%,=!(/5!M,*/NE!"OOPE!"OOQR!S4N*&T(!%+!(2;E!HU"HE!?.*,!$'()*+,%!"!

-%&+*./! ";H;";#;%B;! $%-! .7>%+-! /V./+! (*/-*! -47*! 84%! )%4! 5%! +,(/-6.,9(+*./-! 2.,-! 5%!

230?0/%9%/+!+'%,9*84%!1!23.,*=*/%!5%-!&'./5,%-!%+!/.4-!.66,%!23.)).,+4/*+0!53.7+%/*,!5%-!

*/6.,9(+*./-!-4,!2%-!),0&4,-%4,-!5%-!&'./5,%-;!
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5*66*&42+0!/.4-!(?./-!),*?*20=*0!230+45%!5%!&'./5,*+%-!),*9*+*?%-!&(,!2%-!9(+0,*(4D!84*!2%-!

&.9).-%/+! /3./+! )(-! .4! )%4! 0+0! +,(/-6.,90-! 5%)4*-! 2%4,! )0,*.5%! 53(&&,0+*./;! M24-!

)(,+*&42*:,%9%/+E!5(/-!&%!&'()*+,%!/.4-!(22./-!),0-%/+%,!230+45%!534/!&'./5,%!*--4!5%!2(!

&'./5,*+%! .,5*/(*,%! X*-'4/)4,! @<<Y;"#B;! $%24*A&*! ),0-%/+%! 2(! )(,+*&42(,*+0! 53Z+,%!

-+,4&+4,0%!%/!5%4D!%/+*+0-!&./&%/+,*84%-!7*%/!5*-+*/&+%-!&.9).-0%-!5%!=,(*/-!5%!)%+*+%-!

+(*22%-!@9(>.,*+(*,%9%/+![#\9B!%+!9./+,%!5%-!-*9*2*+45%-!(?%&!2%-!&'./5,%-!(==2.90,0-!

@L%*-7%,=!(/5!M,*/NE!"OOPE!"OOQR!S4N*&T(!%+!(2;E!HU"HB;!!

].4-! (22./-! 5(/-! 4/! ),%9*%,! +%9)-! /.4-! (++(&'%,! 1! 2(! 5%-&,*)+*./! 5%! &%! &'./5,%!

-02%&+*.//0! 5(/-! 4/%! -%&+*./! 9*/&%! 5%! X*-'4/)4,;! $.99%! &%24*A&*! 9./+,%! )%4!

530?*5%/&%-!5%!64-*./!)(,+*%22%E!-./!0+45%!5.*+!/.4-!)%,9%++,%!5%!&./+,(*/5,%!2(!/(+4,%!

5%-!),0&4,-%4,-!%+!5%!&.9),%/5,%! 2%-!),%9*%,-!-+(5%-!5%! 230?.24+*./!5%!&%4DA&*!84(/5!
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$%&!&'()!$*+%$,-.&!/0(&!-(!.1.(2*2()!)324*$,-2!5426!2)!$()2(&27!8'-&!.1',-24'(&!0%'4&!
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"#$!%&'()!(*'+!,-.+(/)!+.+!0.+('!(1+2!342-'+5'/!

!"#$#$!%,-1+&466.+!)&!78&-.()2!

$%&!'&()*+%!,*%(&!-./!0,1!2!3&45!67(&'!8+9*&'!7!:):!8;:87;:&!2!87;)*;!3<4%!:(=7%)*99+%!

3&! 97! (=+%3;*)&! +;3*%7*;&! >*'=4%84;! ??.@"A! 8;B):! 87;! 9&! C4':4,! D7)*+%79! 3<E*')+*;&!

D7)4;&99&! -CDED1! 3&! F7;*'@! G&))&! '&()*+%! ,*%(&! 7! )+4)! 3<7H+;3! :):! &57,*%:&! 87;!

,*(;+'(+8*&! +8)*I4&! &%!4)*9*'7%)! 4%!,*(;+'(+8&!8:);+J;78=*I4&!K9L,84'!MN#/@! O99&! 7!

&%'4*)&! :):! :)43*:&! 87;! ,*(;+'(+8*&! :9&();+%*I4&! 2! H797L7J&! -CO>! E*)7(=*! PQ#//1@!

?<+HR&()*6!3&!(&'!*%S&')*J7)*+%'!:)7*)!3&!);+4S&;!4%!(=+%3;&!8&4!+4!%+%!6+%34!)&9'!I4<*9'!

+%)!:):!3:(;*)'!37%'! 9&! (=78*);&!"T! '&()*+%!"@U@"@A@&@!?7! (7;7():;*')*I4&!8;&,*V;&!3&!(&'!

(=+%3;&'! &')! I4<*9'! '+%)! (+,8+':'! 3&! J;7*%'! 6*%'@! ?&! (=+%3;&! :)43*:! 37%'! (&! (=78*);&!

8;:'&%)&! 4%&! J;737)*+%! &%! )7*99&! 3&! J;7*%'T! 7S&(! 74! (W4;! 3&'! J;7*%'! 3+%)! 97! )7*99&! &')!

*%6:;*&4;&! 2! A! 0,T! &)! 4%&! (+4;+%%&! (+%')*)4:&! 3&! J;7*%'! 3&! )7*99&! *%6:;*&4;&! 2! "! 0,@!

G+,8)&! )&%4! 3&'! 67*H9&'! )7*99&'! 3&! J;7*%'T! %+);&! :)43&! 7! '4;)+4)! :):! ;:79*':&! 87;!COX!
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3&! 8;:87;&;! 4%! :(=7%)*99+%! COX! 87;! 7,*%(*''&,&%)! *+%*I4&! -S+*;! G=78*);&! U! '&()*+%!
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);+4'! +%)! :):! (;::'! 74! (&%);&! 3&! 9<:(=7%)*99+%T! %+4'! 8&;,&))7%)! 9<:)43&! 3&'! ;:J*+%'!

*%)&;%&'!34!(=+%3;&@!F7;!7,*%(*''&,&%)'!'4((&''*6'T!79)&;%:'!7S&(!3&'!'&''*+%'!3Y:)43&!

COXT! %+4'! 7S+%'! 84! 7*%'*! 7S+*;! 7((V'! 2! 3<74);&'! Z+%&'! 34! (=+%3;&! &)! %+)7,,&%)! '&'!

Z+%&'!9&'!894'!&5)&;%&'@!
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3&'! (=+%3;*)&'! +;3*%7*;&'@! ?&'! *,7J&'! CO>! &%! :9&();+%'! ;:);+3*664':'! 8&;,&))&%)! 3&!

3*S*'&;T!2! 9<7*3&!34!(+%);7')&!^T! 9&!(=+%3;&!&%!3&45!87;)*&'@!?7!;:J*+%!(&%);79&!7887;7_)!

'+,H;&! (7;! &99&! &')! (+%')*)4:&! 3&! '*9*(7)&'! 8+'':37%)! 4%! ^! ,+L&%! 67*H9&@! ]9! 'Y7J*)!

&''&%)*&99&,&%)! 3Y+9*S*%&! ;*(=&! &%! CJ@! G&))&! 87;)*&! (&%);79&! &')! (+,8+':&! &99&\,B,&!

3<79)&;%7%(&!3&!(+4(=&'!(+%(&%);*I4&'!2!J;+'!J;7*%'!-`A/!0,1!&)!8&)*)'!J;7*%'!-aA!0,1@!

G&))&!87;)*&!*%)&;%&!(+%)*&%)!:J79&,&%)!3&!%+,H;&4'&'!8=7'&'!,:)799*I4&'!-&%!(97*;!'4;!
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:)/.'%! %;.%/+%! <1=3+%! ,:)'&&%3/! 1=%+>'/0+! ?@@! A(8! )>%-! 3+! -0+./)&.%! B! (0C%+! :$3&!

,$%>,6! D$$%! %&.! -0(:0&,%!1%! */)'+&! 10+.! $)! */)+3$0(,./'%! %&.! '+2,/'%3/%! E! "! A(! -%! F3'!

/%+1! $G'1%+.'2'-).'0+! 1%&! :H)&%&! %+! :/,&%+-%! 1'22'-'$%4! &'+0+! '(:0&&'I$%! %+! JDK6! L%! B!

(0C%+! ,$%>,! $)'&&%! E! &3**,/%/! $)! :/,&%+-%! 1%! &'$'-).%&! /'-H%&! %+! 2%/4! 03! 1G)I0+1)+.%&!

:%.'.%&!:H)&%&!(,.)$$'F3%&!%.M03!1%!&3$23/%&6!!

!
"#$%&'! ()*! +! N()*%! JDK! %+! ,$%-./0+&! /,./01'223&,&! 13! -H0+1/%! ('$$'(,./'F3%! E! */)'+&! 2'+&! 1)+&! $)!
-H0+1/'.%! 1%! K'&H3+:3/6! L%! -H0+1/%! %&.! 1,$'('.,! :)/! 3+%! -03/0++%! 1%! &3$23/%! 1%! 2%/! <%+! */'&8! %.! %&.!

-0(:0&,! 1%! 1%3;! :)/.'%&! I'%+! 1'&.'+-.%&6! L)! :)/.'%! '+.%/+%! )::)/)'.! &0(I/%! <-0+./)&.%! B! 2)'I$%8! %.! %&.!

-0+&.'.3,%!1=)$.%/+)+-%!1%!-03-H%&!E!*/0&!*/)'+&!<OP@!A(8!%.!1%!-03-H%&!E!:%.'.&!*/)'+&!<QP!A(86!L)!:)/.'%!

%;.%/+%4!F3'!:0&&R1%!3+!-0+./)&.%!B!:$3&!,$%>,%4!%+.03/%!$)!:)/.'%!'+.%/+%6!L)!.)'$$%!1%!*/)'+&!%&.!'+2,/'%3/%!

E!"!A(6!S3/!$='()*%4!$%&!:H)&%&!(,.)$$'F3%&!&0+.!%+!I$)+-&!%.!$%&!&3$23/%&!%+!*/'&6!L%&!&'$'-).%&!&0+.!10('+,&!

:)/!1%!$G0$'>'+%!%.!1%&!:C/0;R+%&6!T+!/%()/F3%!F3%!$%&!:H)&%&!(,.)$$'F3%&!&0+.!:$3&!)I0+1)+.%&!1)+&!$)!

:)/.'%!'+.%/+%!()$*/,!$%!2)'I$%!-0+./)&.%!1%!-%..%!U0+%6!9%$)!&3**R/%!F3%!$%&!&'$'-).%&!&0+.!(0'+&!1%+&%&!%.!

10+-!(0'+&!/'-H%&!%+!5%!:)/!/)::0/.!E!-%3;!1%!$)!:)/.'%!%;.%/+%6!!
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$%! &'()'*+,+'-! &.+(+/01! 21! 2+33451-,1*! 6'-1*! 20! &.'-251! %! 4,4!(1*0541! )%5! 789! %0!
:7;<!8%-*! 0-! )51(+15! ,1()*=! 21! >%5?1*! 6'-1*! 21! "@@! A! B@@! C(!'-,! 4,4! %-%>D*41*! 21!
(%-+E51!F! &'-,5%+-251! >%! &'()'*+,+'-!('D1--1!1-!4>4(1-,*!(%G105*!21*!210A!)%5,+1*!
20!&.'-251<!H1*!&'()'*+,+'-*!('D1--1*!*'-,!51)'5,41*!2%-*!>1!,%I>1%0!J<"<!H1*!%-%>D*1*!
'-,!4?%>1(1-,!4,4! 51)54*1-,41*!2%-*! >1!2+%?5%((1! ,15-%+51!:?K9+KL1! ML+?051!J<NO=!/0+!
*'-,!>1*!4>4(1-,*!2'(+-%-,*!)'05!&.%&0-1!21*!)%5,+1*!MP%I>1%0!J<"O<!Q-!51(%5/01!/01!
>R1-*1(I>1!21*!2'--41*!*R%>+?-1-,!*05!0-1!(S(1!25'+,1!21!5%))'5,!:?T9+U"!1,!/01!&1>>1K
&+!)%**1!)%5! >%! &'()'*+,+'-!HV<!W%5!%+>>105*! >R1-5+&.+**1(1-,!1-!L1!21! >%!)%5,+1! +-,15-1!
X15*!>%!)%5,+1!1A,15-1!*1(I>1!)5'?51**+3<!

    O Na Mg Al Si S Ca Fe Ni 

Moyenne 52.55 3.09 16.55 1.72 17.10 2.33 1.19 7.46 0.64 Partie 
interne 1! (n=4) 1.35 0.68 0.91 0.34 1.62 0.13 0.04 0.34 0.28 

Moyenne 55.77 1.30 12.86 0.96 12.98 4.56 0.53 11.95 0.35 Partie 
externe 1! (n=3) 0.70 0.41 0.21 0.05 0.06 0.39 0.06 0.65 0.03 
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*'-,!4?%>1(1-,!51)54*1-,41*!M2'--41*! +**01*!21!Z06+&[%!1,!%><=!N@"NO<!$1*!%I'-2%-&1*!
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*0IK&.'-25+,+/01*<! $%! )%5,+1! 1A,15-1! 1*,=! /0%-,! F! 1>>1=! %))%0X5+1! 1-! ^! 1,! ('-,51!
4?%>1(1-,!0-!>4?15!%))%0X5+**1(1-,!1-!]+!)%5!5%))'5,!F!>%!&'()'*+,+'-!HV<!7-!51X%-&.1!
>1*!%I'-2%-&1*!21!L1!1,!9!*'-,!&.'-25+,+/01*!2%-*!&1,,1!)%5,+1<!$'5*/01!>R'-!&'()%51!>1*!
2'--41*!21*!210A!)%5,+1*!20!&.'-251!%X1&!&1>>1*!21*!&.'-251*!%??>'(454*!21!Z06+&[%!1,!
%><! MN@"NO=! '-! &'-*,%,1! /01! &1>>1*K&+! *'-,! %))%0X5+1*! 1-! ^! 1,! ]+! )%5! 5%))'5,! F! &1*!
215-+15*<! 7-! 51X%-&.1! >1*! 2'--41*! ('D1--1*! 21*! &.'-251*! %??>'(454*! ('-,51-,! 21!
?5%-21*!*+(+>+,021*!%X1&!>%!)%5,+1!1A,15-1!20!&.'-251<!!
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7&'(&)*+*&,! %I! 2)+! @9.32'2,+! 42(4@)2,+@2! (.4! 3J@+&*32! K.6,2! -H&1124)L! #$"$0>! M,! 42'.4?62! ?62! 32)!
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@3@'2,+)! )&,+! 4.,9@)! (.4! 4.((&4+! Q! 3264! 1294@! 12! D&3.+*3*+@>! H2)! 1&,,@2)! 12)! 78&,142)! .993&'@4@)! 12!
R6C*7S.!2+!.3>!-#$"#0!)&,+!@9.32'2,+!42(&4+@2)!-7.44@)!94*)0>!!
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! "#"!

"#$#%!&'()*+,+(!-!*.'/01**1!2)!345!

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

$%&! '(&%)*+,-'.&! %//%0,12%&! +1! 345! 6+.&! 7+! 8+),-%! -.,%).%9! +1! 0'1)&! 6%&! 6-//2)%.,%&!
&%&&-'.&! 0'.&201,-*%&! 6:+;-.0-&&%;%.,&! -'.-<1%&! 8)'=)%&&-*%&9! '.,! 8%);-&!
7:-6%.,-/-0+,-'.! 6%&! 8)-.0-8+7%&! 8>+&%&?! @%,,%! 8+),-%! -.,%).%! %&,! 6';-.2%! 8+)! 1.!
+&&%;(7+=%!6:'7-*-.%&!%,!6%!8A)'BC.%&!DE-=1)%!F?F!%,!F?GH?!@%&!6%1B!8>+&%&!&'.,!7-2%&!8+)!
1.%!8>+&%!-.,%)=)+.17+-)%!+;')8>%!)-0>%!%.!&-7-0-1;!%,!+71;-.-1;!6'.,!7+!0';8'&-,-'.!
;'A%..%!%&,!6'..2%!6+.&!7%!5+(7%+1!F?#?!!

!

!

!
6789&4!"#"! I! J;+=%!345!%.! 0>+;8! 07+-)!;'.,)+.,! 7:+&&%;(7+=%!;-.2)+7'=-<1%!6%! 7+! 8+),-%! -.,%).%?! $+!
;-.2)+7'=-%!%&,!6';-.2%!8+)!7:'7-*-.%!%,!7%!8A)'BC.%?!@%&!6%1B!8>+&%&!&'.,!)%7-2%&!8+)!1.!+;')8>%!)-0>%!
%.!&-7-0-1;!%,!+71;-.-1;?!



!

!"##!

!
"#$%&'! ()*! $! %&'()! )*! +,'&-! +.'/0! &1*20'*2! .'! &/*30'.1(/)! 4)! .'! -'02/)! /*2)0*)! 45! +,1*40)6! 7'!
&/*30'.1(/)! )82! 41&/*3)! -'0! .91./:/*)! )2! .)! -;01<=*)! )2! 5*)! -,'8)! /*2)0(0'*5.'/0)! '&10-,)! 0/+,)! )*!
8/./+/5&!)2!'.5&/*/5&6!

!

!

 (wt%) SiO2 Al2O3 K2O Na2O CaO FeO MgO TiO2 

Moyenne 54.73 31.12 7.46 4.15 0.26 1.35 1.94 0.30 Partie 
interne 
(n=27) 1! 4.96 3.90 4.06 2.99 0.20 1.57 2.50 0.16 

Moyenne 61.62 33.29 2.13 4.14 0.21 0.84 1.48 0.09 Partie 
externe 
(n=18) 1! 4.00 1.83 1.14 2.85 0.20 0.64 0.47 0.08 

+,-.',%!()/!0!>1&-18/2/1*!4)!.9'&10-,)!/*2)0(0'*5.'/0)!?@!4)!-1/48!491<;4)8A!4)!.'!-'02/)!/*2)0*)!)2!
)<2)0*)6!B!0)-038)*2)!.)!*1&C0)!49'*'.;8)6!7)8!+1&-18/2/1*8!1*2!323!&)8503)8!-'0!DEF!'5!GDH6!

!

7108! 4)! .'! &/+01'*'.;8)! )*! GDHI! .)! J'/8+)'5! 493.)+201*8! -)52! K20)! /*2)*8)I! 2152!

-'02/+5./=0)&)*2! 8/! .)! :1.5&)!L! '*'.;8)0! )82!-)2/26! 7)! J'/8+)'5!-)52! '/*8/! )*41&&'()0!

.93+,'*2/..1*6!795*)!4)8!+1*83M5)*+)8!4)8!41&&'()8!)82!.'!-)02)!493.3&)*28!:1.'2/.8!2).8!

M5)!.)!B'!)2!N6!>)8!3.3&)*28!0)-038)*2)*2!5*)!-'02!*1*!*3(./()'C.)!4)!.'!+1&-18/2/1*!45!

8/./+'2)!'&10-,)!/*2)0(0'*5.'/0)!?H'C.)'5!O6#A6!E'*8!.)8!+1*4/2/1*8!.)8!-.58!)<20K&)8I!.'!

P1*)! 49'*'.;8)! )82! &14/J/3)! 495*! -1/*2! 4)! :5)! 8205+250'.! )2! +,/&/M5)! Q58M59L! -'0J1/8!

J10&)0! 5*! 20156! R*! 8)! 41/2! 4)! ./&/2)0! +)8! 43(S28! 4T/00'4/'2/1*! )2! 493:'.5)0! .'! -)02)!
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%&'(')*+,-! (./-! %&0+*! 1+1(2-*! 345)560*7! 8.0/! (5)5,*/! (*-! %'9:,-! %&5//1%51,5.+;! 5(! *-,!
+'3*--15/*! %*! %5)5+0*/! (&5+,*+-5,'! %0! <15-3*10! %&'(*3,/.+-! *,! %&109)*+,*/! 10,1+,! 60*!
=.--5>(*!(1!-0/<13*!%&1+1(2-*7!?+*!=/*)5@/*!<1A.+!%B'C1(0*/!0+*!'C*+,0*((*!%'9/1%1,5.+!
%*! (&'341+,5((.+! -.0-! (*! <15-3*10! *-,! %B.>-*/C*/! -&5(! 2! 1! 0+*! 'C.(0,5.+! %*! (B1-=*3,! %*! (1!
D.+*! 1C1+,! *,! 1=/@-! (B1+1(2-*7! E.0-! 1C.+-! 15+-5! *<<*3,0'! %*-! 1+1(2-*-! 1C*3! %5<<'/*+,-!
,*)=-!%&13605-5,5.+!F$G!-;!"!)5+;!#!)5+;!$!)5+H!-0/!0+*!)I)*!D.+*!*,!3*(1!/'=','!=.0/!
601,/*! D.+*-! %B1)./=4*7! J1! =/5+35=1(*! 'C.(0,5.+! C5-0*((*! 1! ','! (B1==1/5,5.+! %B0+*!
3.+,1)5+1,5.+! %*! 31/>.+*! =.0/! (*-! %0/'*-! (*-! =(0-! (.+90*-7! J1! <590/*! K7L! ).+,/*!
(B'C.(0,5.+! 345)560*! %*! (B1)./=4*! 10! 3.0/-! %*-! %5<<'/*+,*-! 1+1(2-*-7! JB'C.(0,5.+!
345)560*!*-,!).%'/'*!*,!+.0-!5+%560*!60*!(1!=*/,*!%B'(')*+,-!-.0-!(*!<15-3*10!=*0,!I,/*!
+'9(59'*!%1+-!(*-!3.+%5,5.+-!%&1+1(2-*!60*!+.0-!1C.+-!0,5(5-'*-7!!

!
"#$%&'!()*! +!MC.(0,5.+!%*! (1!3.)=.-5,5.+!%*! (B1)./=4*! (./-!%*! (B1+1(2-*!%*!K!D.+*-!=.0/!G;N;!";!#;!*,!$!
)5+7! O*,,*! 'C.(0,5.+! *-,! ,/@-! ).%'/'*! *,! 5+%560*! 60*! (1! =*/,*! %&'(')*+,-! -.0-! (*! <15-3*10! =*0,! I,/*!
+'9(59'*7!
!

J*-! .(5C5+*-! *,! =2/.P@+*-! -.+,! -0>10,.)./=4*-! Q! 10,.)./=4*-! %1+-! 3*,,*! =1/,5*! %0!
34.+%/*!FR590/*!K7SH7!J1!,15((*!%*!9/15+-!*-,!3.)=/5-*!*+,/*!G7K!*,!$;L!T)!*,!=.--@%*!0+*!
C1(*0/!).2*++*!%*!";N#!T)!FR590/*!K7UH7!V1+-!%*!,/@-!+.)>/*0P!31-;!(*-!3.+,13,-!*+,/*!
(*-!9/15+-!3/5-,1((5+-!+*!-.+,!=1-!</1+3-!*,!).+,/*+,!(1!=/'-*+3*!%B0+!1)./=4*!10!+5C*10!
%*-!W.5+,-!%*!9/15+-!FR590/*!K7XH7!V1+-!3*/,15+-!31-;!(*-!9/15+-!%&.(5C5+*!*,!%*!=2/.P@+*-!
=/'-*+,*+,!%*-!W.+3,5.+-!,/5=(*-!Q!"#GY!605!,').59+*+,!%B0+*!,*P,0/*!=(0-!'605(5>/'*7!J*-!
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%&'()*!+,-.(/()0!1-)2(0))0)2!3'&4-(*!+0*!+(*.-1'2(-)*!&012(.(%)0*!*0.-)!.'!+(&012(-)!1!02!56(!

3&7*0)20)2!6)!/01206&!+0!86&%0&!"9!:.!*,'%(2!+-)1!+0!+(*.-1'2(-)*!/(*!;<(%6&0!$9"='>9!?0*!

%&'()*!+@-.(/()0! 4'627*! *-)2!A(0)!*-6/0)2!3.6*!%&-*!560! .0*!%&'()*!)0!1-)20)')2!3'*!+0!

+74'62*!1&(*2'..()*9!B0*!3C&-DE)0*F!56')2!G!06DF!306/0)2!1-)20)(&!+0*!+74'62*!3.')*!*0.-)!

;"==>! 56(! 1-&&0*3-)+0)2! G! +0*! '.20&)')10*! +0! +-H'()0*! -&2I-! 02! 1.()-J3C&-DE)0*!

;<(%6&0!$9"=A>9!

!

!
#$%&'(!)*+!J!K')*!.'!H'L-&(27!+0*!1'*!.0*!-.(/()0*!*-)2!'62-H-&3I0*!02!3&7*0)20)2!+0!A0..0*!4'10220*9!

!

!
#$%&'(!)*,!J!M(*2-%&'HH0!H-)2&')2!.'!+(*2&(A62(-)!;)-&H'.(*70!G!"==N>!+0!.'!2'(..0!+0!%&'()*!+0!.'!3'&2(0!
()20&)0!+6!1I-)+&09!B'!/'.06&!H-C0))0!+0!.'!2'(..0!+0!%&'()*!0*2!+0!"FO#!PH!02!.0!)-HA&0!+0!H0*6&0*!;)>!
0*2!+0!"OQ!%&'()*9!
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!
"#$%&'!()*!%!&'()*!*+!,-('.!,/(01!'2+31(+3!4+*!52+,302+!310./*!6!"#78!*+31*!31209!)1(0+9!:;2/0<0+*!:(+9!/(!
.(130*!0+3*1+*!:4!,-2+:1*=!>;()1(+:099*'*+3!:?4+!520+3!:*!)1(0+9!'2+31*!/(!.1@9*+,*!:;4+!1@90:4!('21.-*=!

!

!

!

!
"#$%&'! ()+,! %! &'()*9! *+! ,-('.! ,/(01! '2+31(+3! A(B! 4+! )1(0+! :?2/0<0+*! ,2+3*+(+3! :*9! :09/2,(302+9!
1*,30/0)+*9! 9*/2+! /(! :01*,302+! ,=! C*9! :09/2,(302+9! .299D:*+3! 4+! <*,3*41! :*! E41)*1! ,F! 0/! 9;()03! :2+,! :*!
:09/2,(302+9!<09! G!AHB!)1(0+!:*!.I12JD+*!,2+3*+(+3!:*9!:@K(439!./(+!9*/2+!A"77B!L40!,211*9.2+:*+3!6!:*9!
(/3*1+(+,*9!:*!:2'(0+*9!213-2!*3!,/0+2%.I12JD+*9=!

!



!

!"#$!

%&'! ()(*+'&'! ,-.! /0(*1'0&'! (2! 3,4! 56)7/&)7! 82&! *&'! 6*191)&'! &7! *&'! :+/6;<)&'! =&! *(!

:(/71&! 1)7&/)&!'6)7!/1>?&'!&)!3@!(9&>!2)!>?(5:!=&!>65:6'1716)!(''&A!/&''&//0!BC1@2/&!

DE""FE!%&'!6*191)&'!6)7!2)&!>65:6'1716)!56+&))&!C("G!(9&>!2)&!9(/1(716)!821!'H07&)=!=&!

C(D!I!C("JE!K&/7(1)&'!6*191)&'!:/0'&)7&)7!2)&!>65:6'1716)!:*2'!/1>?&!&)!L&/!BC(M#!I!C(MNFE!

K&'!=&/)1</&'!'6)7!'1720&'!&)!O6/=2/&!&;70/1&2/&!=&!*(!:(/71&!1)7&/)&!&7!:/0'&)7&)7!2)&!

A6)(716)!>?15182&!(9&>!2)!>P2/!/1>?&!&)!3@!&7!2)&!O6/=2/&!/1>?&!&)!C&E!-&'!:/6L1*'!=&!

>65:6'1716)!6)7!070! /0(*1'0'!:(/!,-.!'2/!>&'!@/(1)'E!%(! L6/5&!=&'!:/6L1*'! 1)=182&!82H1*!

'H(@17! >&/7(1)&5&)7! *(! >6)'082&)>&! =Q2)&! 1)7&/=1LL2'16)! C&R3@E! %&'! :/6L1*'! =&!

>65:6'1716)'!1)=182&)7!82&!>&**&R>1!'&!L(17!'2/!"GG!I!#GG!)5E!!

!

!
"#$%&'! ()**! +! S1'76@/(55&'! 56)7/()7! *(! >65:6'1716)! =&'! 6*191)&'! &7! =&'! :+/6;<)&'! =()'! *(! :(/71&!
1)7&/)&!BI!@(2>?&F!&7!&;7&/)&!BI!=/617&F!=2!>?6)=/&E!%&'!=6))0&'!'6)7!/&:/0'&)70&'!&)!7&/5&!=&!TL(+(*17&!

BC(F!&7!TL&//6'1*17&!BC'F!821!'6)7!*&'!:U*&'!C&!=&!*H6*191)&!&7!=2!:+/6;<)&!/&':&>719&5&)7E!V!/&:/0'&)7&!*&!

)65O/&!=H()(*+'&'E!%&'!>65:6'1716)'!6)7!070!5&'2/0&'!:(/!,-.!(2!3,4E!

!

!

%&'!:+/6;<)&'!=&!*(!:(/71&!1)7&/)&!'6)7!'617!/1>?&'!&)!K(!'617!:(29/&'!&)!K(!BC1@2/&!DE"#FE!

%&'!:+/6;<)&'!:(29/&'!&)!K(!:/0'&)7&)7!2)&!>65:6'1716)!56+&))&!C'N!(9&>!2)!>?(5:!

=&!>65:6'1716)!821! 'H07&)=!=&!C'#!I!C'W! BC1@2/&!DE""FE!X(/!(1**&2/'Y! >&/7(1)'!:+/6;<)&'!

:/0'&)7&)7!2)&!>65:6'1716)!821!'&!'172&!=()'!*&!=65(1)&!=H1551'>1O1*170!=&'!:+/6;<)&'!

BC1@2/&!DE"#FE!!

!

!
!
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!
"#$%&'!()*+!,!%&'()*+',-).!(./!01)23-4./!25!/24,!).0)6/.4,6/! +./! */2,7.)8./!(69*4*//'4,! +./!(28'*4./!
(:*88*/;*<*+*,6!(&!01)23-4.!/.+24! +'! ,.806)',&).!.,! +'!;2802/*,*24!=(:'0)-/!>*4(/+.1?!"@ABCD!>./!;'))6/!
42*)/!).0)6/.4,.4,!+'!;2802/*,*24!(./!01)23-4./!('4/!+'!0'),*.!*4,.)4.!(&!;724().D!
!

!

!

EF'&,)./!07'/./?!.4!0+&/!9'*<+./!'<24('4;./!?!/24,!'&//*!0)6/.4,./!,.+/!G&.!(./!/&+9&)./!

(.!9.)!G&*!4.!;24,*.44.4,!,)-/!0.&!(.!4*;H.+!=,)2*+*,.?!I.JC?!(./!07'/./!86,'++*G&./!=9.)K

4*;H.+C?!'*4/*!G&.!(./!;7)28*,./D!E'4/!+'!0'),*.!*4,.)4.?!+'!0+&0'),!(./!07'/./!86,'++*G&./!

.,!/&+9&)./!24,!&4.!92)8.!'))24(*.!.,!;.++./K;*!/24,!<*.4!/2&L.4,!'//2;*6./!=I*M&).!ND"BCD!!

E'4/! ;.),'*4./! O24./!(.! +F6;7'4,*++24?! 42&/! 'L24/!2</.)L6! +'!0)6/.4;.!(.!428<).&/./!

2+*L*4./! '&,282)07./! (.! 0.,*,.! ,'*++.! =PQK"QQ! 48C! G&*! <'*M4.4,! ('4/! &4! '82)07.! (.!

;2802/*,*24! /*8*+'*).! R! +:'82)07.! *4,.)M)'4&+'*).! =S'<+.'&! ND#C! =I*M&).! ND"NCD! E&! 9'*,!

(./! .99.,/! (.! ;24L2+&,*24! 'L.;! +:'82)07.?! +:'4'+1/.! (.! ;./! 2+*L*4./! 824,).! &4!

.4)*;7*//.8.4,!.4!J*D!S2&,.92*/!;244'*//'4,!+'!;2802/*,*24!(.!+:'82)07.!=S'<+.'&!ND#C?!

&4.!;2)).;,*24!'!6,6!'002),6.!.4!/2&/,)'1'4,!!+:.3;-/!(&!J*!(T!R!+:'82)07.D!>./!'4'+1/./!

(.! ;./! 2+*L*4./! ;2))*M6./! *4(*G&.4,! (./! ;2802/*,*24/! /*8*+'*)./! '&3! '&,)./! M)'*4/!

(:2+*L*4.!'L.;!&4.!;2802/*,*24!821.44.!(.!I'"QD!

!
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!
"#$%&'! ()*+! %! &'()*!+,-! *.! /0*1234.5! 3/234678895/5! 6:9.*! 3/)74.! 6*! 0(! ;(327*! 7.2*3.*! 69! 1<4.63*! =>!
)(91<*?!*2!7'()*!+,@!*.!1<(';!10(73!6A9.*!;<(5*!'/2(007B9*!6*!0(!;(327*!7.2*3.*!=>!63472*?C!D.!4E5*3F*!
593!0A7'()*!+,-!0(!843'*!(334.67*!6*!0(!;09;(32!6*5!;<(5*5!'/2(007B9*5!=*.!E0(.15?!'(75!(9557!B9*!1*00*5%
17! 54.2! ;(38475! (55417/*5! >! 6*5! 590893*5! =*.! )375?C! GA7'()*!+,@!'4.23*! 1*2! (55*'E0()*! 6*! H('(172*! (9!
1*.23*!*.2493/!6*!2347072*C!
!

!

!

!
"#$%&'!()*(!%!&'()*!*.!1<(';!10(73!'4.23(.2!0(!;3/5*.1*!6A407F7.*5!(924'43;<*5!B97!IE(7).*.2I!6(.5!9.!

('43;<*!6*!'J'*!14';457274.!B9*!0A('43;<*!7.2*3)3(.90(73*!=@(E0*(9!KC#?C!

!



!!"#$%&'()*)+),-./0)/01)2345/601)545)745/.1"#

!

! "#$!

!"#"$"%&'()*+,&,-*,).,&/0&123./),&

%&!'()*+&,-.(/!0/!,&!1&+2(/!/32/+)/!04!56-)0+/!/72!(0/)2(84/!9!5/,,/!0/!,&!1&+2(/!()2/+)/:!

;,,/! /72! 0-'()*/! 1&+! 0/7! .+&()7! 0<-,(=()/! /2! 0/! 1>+-3?)/! 5('/)2*7! 1&+! 4)/! 16&7/!

&'-+16/! +(56/! /)! 7(,(5(4'! /2! &,4'()(4'! @A(.4+/! B:"CD:! %&! 5-'1-7(2(-)! 0/! ,E&'-+16/!

()2/+.+&)4,&(+/!0&)7!,&!1&+2(/!/32/+)/!/72!0-))*/!0&)7!,/!F&G,/&4!B:#:!H/2!&'-+16/!/72!!

,*.?+/'/)2!1,47! /)+(56(! /)! I(! &()7(! 84E/)!J,! /2! &11&4=+(/! /)!K!1&+! +&11-+2! 9! ,&!1&+2(/!

()2/+)/:! F-42/L-(7! 5/2! /)+(56(77/'/)2! /)! I(! )E/72! 1&7! 5-'1&+&G,/! 9! ,E/)+(56(77/'/)2!

-G7/+=*!0&)7!,/7!G-+04+/7!0/!5/+2&()7!56-)0+/7!1-+16>+(84/7!@%(G-4+/,!/2!&,:M!#NNOD!/2!

)E/72! *.&,/'/)2! 1&7! 5-++*,*! 9! 4)! /)+(56(77/'/)2! /)! P&:! Q4/! 5/,&! 7-(2! 0&)7! ,&! 1&+2(/!

()2/+)/! -4! /32/+)/M! ,E&'-+16/! 1+*7/)2/! 4)! &71/52! ,(77/! @A(.4+/! B:"OD:! J454)!

+/'1,&5/'/)2!1&+!4)!16>,,-7(,(5&2/!+(56/!/)!L/+!@7'/52(2/D!)E&!*2*!-G7/+=*!5-''/!5/,&!

1/42!,ER2+/!&4!7/()!0/!,&!'&2+(5/!0/!S(764)14+!@/:.:!J,/3&)0/+!/2!&,:M!"$T$&MGD:!

!

!

!

!
"#$%&'! ()*+! U! V'&./! /)! 56&'1! 5,&(+! '-)2+&)2! ,E&77/'G,&./! '()*+&,-.(84/! 0/! ,&! 1&+2(/! /32/+)/:! %&!
'()*+&,-.(/! /72! 7('(,&(+/! 9! ,&! 1&+2(/! ()2/+)/M! 0-'()*/! 1&+! ,E-,(=()/! /2! ,/! 1>+-3?)/! ,(*! 1&+! 4)/! 16&7/!
&'-+16/!+(56/!/)!I(!/2!J,:!



!

!"#$!

!
"#$%&'!()*+!%!&'()*!*+!,-('.!,/(01!'2+31(+3!./450*415!62+*5!78('21.-*!0+3*153030*/!7(+5!/*5!7099:1*+3*5!
.(130*5!74!,-2+71*;!<+!,2+53(3*!541!,*5!0'()*5!=4*!/8('21.-*!*53!>0*+!.1:5*1?:!*3!+8*53!.(5!1*'./(,:!.(1!
7*5!.-@//250/0,(3*5;!!

!

A0*+!=482+!1*3124?*!=4*/=4*5!2/0?0+*5!*3!.@12BC+*5!(432'21.-*5!7(+5!/(!.(130*!*B3*1+*D!

/(!'(E2103:! 7*5! )1(0+5! 782/0?0+*! *3! 7*! .@12BC+*! 52+3! 54>%(432'21.-*5! FG0)41*! H;"I! *3!

H;"JK;!LM'*!50!,*13(0+5!)1(0+5!54.:10*415!N!4+!'0,12+!52+3!.1:5*+35D! /(!3(0//*!7*!)1(0+5!

'2@*++*! *53! 0+9:10*41*! N! ,*//*! 7*! /(! .(130*! 0+3*1+*;! O+! *99*3! /(! '(E2103:! 7*5! )1(0+5!

.255C7*!4+*!3(0//*!7*!)1(0+5!,2'.105*!*+31*!"$$!*3!"$$$!+'D!(?*,!4+*!?(/*41!'2@*++*!

7*!P$$!+'!FG0)41*!H;"QK;!R243!,2''*!7(+5!/(!.(130*!0+3*1+*D!/*5!E20+35!7*!)1(0+5!+*!52+3!

.(5! .12.1*5! *3! ,2+30*++*+3! 4+*! .-(5*! ('21.-*;! O+! 1*?(+,-*! (4,4+*! E2+,302+! 310./*! N!

"S$T!+8(!:3:!2>5*1?:*!7(+5!,*33*!.(130*;!U241!/*5!)1(0+5!/*5!./45!)125D!/(!'0,125314,341*!

*53!07*+30=4*!N!/(!.(130*!0+3*1+*!(?*,!/(!.1:5*+,*!7*!705/2,(302+5!.241!/*5!2/0?0+*5!*3!7*!

7:9(435!./(+5!7(+5!F"$$K!.241!/*5!.@12BC+*5;!

!
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!

! "#"!

!
"#$%&'!()*+$!%&'!()*+,'-!.)+,/+.*0&1&,2!3450+6+,&-!5,2!(057*0&1&,2!8,&!95)1&!.08'!*))5,3+&!:8&!3*,'!0*!

.*)2+&!+,2&),&!&2!15,2)&,2!3&!15+,'!7&00&'!9*/&22&';!
!
!
!
!
!
!

!
"#$%&'!()*,$!<1*(&!&,!/=*1.!/0*+)!348,&!>5,&!3&!0*!.*)2+&!&?2&),&!38!/=5,3)&;!%*!1*@5)+2A!3&'!()*+,'!*!

8,&!2*+00&!+,9A)+&8)&!B!CDD!,1!&2!'5,2!35,/!.08'!.&2+2'!:8&!3*,'!0*!.*)2+&!+,2&),&;!
!
!
!
!
!



!

!"#$!

!
"#$%&'!()*+%!&'()*+,-../!0*.1-,-)'2!3/!4-!)-'44/!3/!+,-'5(!3/!4-!1-,)'/!'5)/,5/!6/5!5*',7!/)!3/!4-!1-,)'/!
/8)/,5/!6/5!,*9+/7:!!
!
!
!
;/(!.'0,*%-5-4<(/(!=>?!'53'@9/5)!@9/!4/(!1<,*8A5/(!*5)!95/!0*.1*(')'*5!('.'4-',/!B!4-!

1-,)'/! '5)/,5/! -C/0! 95/! 0*.1*(')'*5! .*</55/! D(E! /)! 95! 0F-.1! 3/! 0*.1*(')'*5! @9'!

(GH)/53! 3/! D(IJ"! B! D("$! 1*9,! 4/(! 1<,*8A5/(! 1-9C,/(! /5! K-! 6D'+9,/! E:""7:! ;/(! +,-'5(! 3/!

1<,*8A5/! ,'0F/(! /5! K-! (*5)! .*'5(! 1,H(/5)(J! /)! )*9)! 0*../! 1*9,! 4-! 1-,)'/! '5)/,5/J!

0/,)-'5(! 1<,*8A5/(! *5)! 95/! 0*.1*(')'*5! @9'! (/! (')9/! 3-5(! 4/! 3*.-'5/! 3G'..'(0'L'4')H!

6D'+9,/!E:$I7:!=5!,/C-50F/!4/(!*4'C'5/(!*5)!95/!0*.1*(')'*5!.*</55/!149(!,'0F/!/5!2/,!

@9/! 3-5(! 4-! 1-,)'/! '5)/,5/! 6D-#I! /5! .*</55/J! D'+:! E:""7! /)! .*5),/5)! 95! 0F-.1! 3/!

0*.1*(')'*5!149(!H)/539J!@9'!C-!3/!D-M!B!D-EI:!N-,.'!4G/5(/.L4/!3/(!*4'C'5/(!-5-4<(H/(J!

-9095/!5/!1,H(/5)/!3/!O*5-)'*5!0F'.'@9/!0*../!0/4-!1*9C-')!P),/!4/!0-(!3-5(!4-!1-,)'/!

'5)/,5/:!!

!

!

"#$%&'!(),-!.!Q9-3,'4-)A,/!3/(!1<,*8A5/(!*R!(*5)!,/1,H(/5)H(! 4/(! '(*)F/,./(!3H2'5'((-5)! 4/(!3*.-'5/(!
3G'..'(0'L'4')H!39!1<,*8A5/!(/4*5! 4-! )/.1H,-)9,/!/)! 4-!0*.1*(')'*5!63G-1,A(!;'53(4/<J!"ST#7:!;/(!0-,,H(!
,*9+/(!,/1,H(/5)/5)!4-!0*.1*(')'*5!3/(!1<,*8A5/(!3-5(!4-!1-,)'/!/8)/,5/!39!0F*53,/:!
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!

! "##!

$%&!'()*+'*,%&!%*!-.-/%*0&!/1*%23&!45'67!8*69!)*0!-0-!/%&23-%&!+'*&!.:).1;1*%!%0!&)*0!

3%<)30-%&! &23! .'! =1>23%!?@A"@!5%..%&B,1!/)*03%*0!C2%! .%&!).1;1*%&!+%! .'!<'301%! 1*0%3*%!%0!

%D0%3*%!+2!,E)*+3%!-02+1-! 1,17!<)&&F+%*0! .%&!/G/%&!'()*+'*,%&!%*!-.-/%*0&!/1*%23&@!

H'3!'1..%23&7!1.!*:%D1&0%!'2,2*%!3%.'01)*!%*03%!.'!0%*%23!%*!I%6!+%&!).1;1*%&!%0!.:'()*+'*,%!

%*! -.-/%*0&! /1*%23&! 45'6! %0! 8*69@! 5%.'! ,)*03'&0%! ';%,! .%&! ).1;1*%&! +%&! ,E)*+3%&!

'>>.)/-3-&! 4J2K1,L'! %0! '.@7! AM"A9! '1*&1! C2%! ,%..%&! +%&! ,E)*+3%&! <)3<EN31C2%&! 4O%3.1*7!

AM"MP! J2K1,L'! %0! '.@7! AM"A! P! Q,E3'+%3! %0! '.@7! AM"#9! %0! &%3'! +1&,20-! +'*&! .'! <'301%!

+1&,2&&1)*@! 5)//%! <)23! .'! <'301%! 1*0%3*%7! ,%30'1*%&! K)*%&! /)*03%*0! .'! <3-&%*,%! +%!

*)/(3%2&%&!).1;1*%&!'20)/)3<E%&!C21!R('1>*%*0R!+'*&!2*!'/)3<E%@!$%&! 0'(.%'2!?@#!%0!

0'(.%'2!?@?!<3-&%*0%*07!3%&<%,01;%/%*07!+%&!'*'.N&%&!3%<3-&%*0'01;%&!<)23!.%&!).1;1*%&!%0!

.%&!<N3)DF*%&!+%!,E'C2%!<'301%!+2!,E)*+3%@!

!

!
"#$%&'!()*+!B!S()*+'*,%&!4T!<)1+&!+:)DN+%9!+%&!-.-/%*0&!/1*%23&!5'6!%0!8*6!%*!=)*,01)*!+%!.'!0%*%23!
%*!I%6!+%&!).1;1*%&!+%!.'!<'301%!1*0%3*%!4%*!*)139!%0!%D0%3*%!4%*!3)2>%9!+2!,E)*+3%@!$%&!0%*%23&!%*!5'6!%0!
8*6!&)*0!1+%*01C2%&!+'*&!.'!<'301%!1*0%3*%!%0!%D0%3*%@!
!

U%&!<E'&%&!/-0'..1C2%&! 4=%3B*1,L%.97!+%&! &2.=23%&!+%! =%3B*1,L%.! '1*&1!C2%!+%&! ,E3)/10%&!

&)*0!->'.%/%*0!<3-&%*0&7!%*! ='1(.%!'()*+'*,%@!5)*03'13%/%*0!'2D!&2.=23%&!+%! .'!<'301%!

1*0%3*%7! ,%2DB,1! *%! <3-&%*0%*0! <'&! +%! =)3/%! '33)*+1%@! V.&! )*0! 2*%! =)3/%! '..)*>-%! %0!

&%/(.%*0!+1&031(2-&!+%!='W)*!1*0%3&0101%..%!%*03%!.%&!&1.1,'0%&!,31&0'..1*&@!$%&!,)/<)&101)*&!

&)*0! &1/1.'13%&! %*03%! .%&! +%2D! <'301%&! <)23! ,%&! <E'&%&! %*! ='1(.%! '()*+'*,%! %0! &)*0!

3%<)30-%&!+'*&!.%!0'(.%'2!?@X@!$%&!&2.=23%&!&)*0!%&&%*01%..%/%*0!+%&!&2.=23%&!+%!=%3!4I%Q7!

03)1.10%9! /'1&! )*! 03)2;%! ->'.%/%*0! +%&! &2.=23%&! +%! =%3B*1,L%.@! $%! /-0'.! %&0! ,)/<)&-!

<31*,1<'.%/%*0!+%!=%3!';%,!+%&!0%*%23&!%*!Y1!;'31'*0!+%!"!Z!"MT@!

!



!

!"#$!

"#$%$&'(!
  N°  O Mg Si Ca Cr Mn Fe Fa 

60 57.17 24.33 14.34 0.00 0.01 0.04 4.11 14.46 

131 57.13 27.08 14.23 0.09 0.04 0.10 1.33 4.68 
Partie 

interne 

147 57.14 25.73 14.28 0.07 0.00 0.10 2.68 9.43 

196 57.11 20.57 14.21 0.00 0.00 0.07 8.03 28.08 

267 57.14 21.30 14.28 0.04 0.00 0.08 7.16 25.18 

394 57.14 19.57 14.28 0.00 0.00 0.07 8.94 31.37 

400 57.15 18.13 14.26 0.01 0.06 0.20 10.19 35.99 

Partie 
externe 

465 57.14 18.97 14.28 0.00 0.00 0.26 9.35 33.01 

)*+,-*.!/01%!&'()'*+,+'-*!./!0,'(+1234!53)56*3-,0,+73*!83*!'9+7+-3*!80-*!93*!832:!)05,+3*!82!;<'-853=!
>3*!0-09?*3*!'-,!6,6!3@@3;,263*!)05!ABC!02!DAE=!

!
!
!

234567&'(!
  N° O Mg Al Si Ca Cr Mn Fe Fs 

6 59.88 17.87 0.66 18.85 0.38 0.15 0.03 0.97 5.15 

89 60.02 18.11 0.51 18.51 0.95 0.13 0.05 0.75 3.98 

126 60.14 11.29 1.78 18.15 6.43 0.34 0.05 0.47 4.00 

Partie 
interne 

158 60.05 9.61 2.06 19.01 7.73 0.24 0.11 0.34 3.42 

146 59.99 18.42 0.68 18.55 0.62 0.18 0.13 0.56 2.95 

187 60.01 19.50 0.37 19.35 0.3 0.00 0.00 0.44 2.21 

469 60.09 17.91 0.47 19.28 0.97 0.04 0.19 1.02 5.39 

464 60.06 19.17 0.43 19.43 0.18 0.20 0.04 0.45 2.29 

489 59.98 17.82 0.62 18.86 1.02 0.23 0.28 1.16 6.11 

497 59.98 9.86 1.74 17.52 8.82 0.10 0.10 1.32 - 

Partie 
externe 

426 60.01 13.87 0.83 18.54 5.38 0.15 0.07 0.48 - 

)*+,-*.!/0/!%!&'()'*+,+'-*!./!0,'(+1234!53)56*3-,0,+73*!83*!)?5':F-3*!80-*!93*!832:!)05,+3*!82!
;<'-853=!>3*!0-09?*3*!'-,!6,6!3@@3;,263*!)05!ABC!02!DAE=!

!
!
>3*!0(+-;+**3(3-,*! +'-+123*!*2;;3**+@*!83!9G6;<0-,+99'-!-'2*!'-,!)35(+*!8G3:)9'535! 93*!

8+@@653-,3*!)05,+3*!82!;<'-853!82!;3-,53!735*!90!H'58253!3:,65+3253!83!(0-+F53!)92*!'2!

('+-*! )5'I53**+73=! >3! E0H9302! $=J! )56*3-,3! 90! *?-,<F*3! 83*! 0-09?*3*! 83*! )<0*3*!

(0K3253*!.'9+7+-3L!)?5':F-3L!0('5)<34!83*!8+@@653-,3*!M'-3*!0-09?*63*!)05!ABC!02!DAE=!
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!

! "#$!

%&'!()*&'!+*+,-'.&'!/+*'!,&!0+1,&+2!')*0!)3/)**.&'!4+3!3+44)30!5!,&23!4)'606)*!/+*'!,&!

78)*/3&9!/2!7&*03&!/2!78)*/3&!:;)*&!"!5!<=!>2'?2@5!,+!1)3/23&!:;)*&!A!5!B=C!%+!7)23)**&!

/&!'2,D23&'9!?26!/.,6E60&!,&!78)*/3&!/&!,+!E+0367&!:F6G23&!<C"=!*@&'0!4+'!6*7,2'&!/+*'!7&!

0+1,&+2C!%&'!/)**.&'!/2!0+1,&+2!<CA! 6*/6?2&*0!?2&! ,+!7)E4)'606)*!/&'!4-3)HI*&'!&0!/&!

,@+E)348&! 6*0&3G3+*2,+63&! &'0! '&*'61,&E&*0! ,+! EJE&! /+*'! ,&'! /6DD.3&*0&'! 4+306&'!

+*+,-'.&'! /2! 78)*/3&C! K*! 3&L+*78&! )*! 7)*'0+0&! 2*&! +2GE&*0+06)*! 43)G3&''6L&! /2! F&!

/+*'!,&'!),6L6*&'!/2!7&*03&!L&3'!,+!1)3/23&!&H0.36&23&C!

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

N° O Fe Cr Mn Ni S Co 

Phase riche en 
Cr        

39 53.93 21.07 12.95 0.11 0.11 0.18 0.07 

40 50.24 17.09 24.02 0.33 0.04 0.15 0.05 

44 55.78 13.98 26.51 0.28 0.01 0.04 0.10 

Sulfures               

21 - 56.65 1.28 0.30 0.00 41.02 0.75 

23 - 56.45 0.00 0.23 0.00 42.11 1.20 

28 - 57.99 0.00 0.00 0.00 41.56 0.45 

41  36.45 18.96 0.07 13.54 28.95 2.02 

43  38.17 11.58 0.14 16.06 31.91 2.14 

Métal               

1 - 98.13 0.03 0.03 1.31 0.14 0.36 

3 - 98.11 0.14 0.04 1.43 0.00 0.29 

11 - 96.51 0.26 0.00 1.79 0.00 1.45 

20 - 96.66 0.14 0.00 1.90 0.29 1.01 

24 - 96.06 1.23 0.00 1.66 0.15 0.91 

30 - 97.82 0.00 0.00 1.80 0.27 0.11 

5 - 93.68 0.00 0.20 4.41 0.39 1.32 

16 - 93.73 0.71 0.12 3.96 0.17 1.30 

17 - 90.40 0.00 0.07 7.83 0.61 1.09 

,-./0-1!234M!N)E4)'606)*'!:O!+0)E6?2&=!3&43.'&*0+06L&'!/&'!48+'&'!E6*&23&'!)1'&3L.&'!/+*'!,&'!/&2H!
4+306&'!/2!78)*/3&C!

!
!
!
!



!"#$!

  (%at) Mg Si Ca Cr Mn Fe Al Na K O 

Olivines 26.34 (0.8) 14.22 (0.19) 0.05 (0.04) 0.02 (0.02) 0.12 (0.07) 2.14 (0.75) - - - 57.11 (0.09) 

Pyroxènes 18.47 (0.51) 18.77 (0.54) 0.89 (0.47) 0.11 (0.09) 0.07 (0.06) 0.68 (0.24) 0.56 (0.24) 1.24 (0.77) - 59.22 (0.42) 
Zone 1 et 4 

(Partie interne) 

Amorphe 0.61 (0.22) 23.71 (0.47) 0.07 (0.08)     0.26 (0.09) 8.09 (0.57) 1.32 (1.18) 3.02 (0.74) 62.84 (0.34) 

Olivines 22.85 (3.57) 14.29 (0.33) 0.05 (0.08) - 0.09 (0.13) 5.58 (3.28)    57.14 (0.17) 

Pyroxènes 18.45 (0.94) 19.1 (0.39) 0.92 (0.46) 0.20 (0.08) 0.14 (0.07) 0.84 (0.19) 0.37 (0.35) 0.41 (0.44) - 59.54 (0.27) 
Zone 2 et 3 

(Partie interne) 

Amorphe 1.69 (2.87) 23.62 (1.69) 0.02 (0.04)     0.82 (0.97) 7.45 (1.35) 1.5 (0.61) 2.15 (1.18) 62.82 (1.22) 

Olivines 21.12 (2.80) 14.25 (0.10) 0.02 (0.05) 0.02 (0.03) 0.13 (0.06) 7.33 (2.76)    57.13 (0.05) 

Pyroxènes 19.89 (1.38) 18.56 (0.73) 0.65 (0.47) 0.12 (0.08) 0.06 (0.09) 0.75 (1.10) 0.32 (0.37) 0.39 (0.55)  59.26 (0.37) 
Zone 4 et 5 

(Partie externe) 

Amorphe 0.84 (0.32) 25.14 (1.07) 0.13 (0.04)     0.28 (0.21) 8.11 (0.52) 2.38 (1.97) 0.94 (1.02) 64.24 (0.96) 

Olivines 18.37 (1.10) 14.27 (0.15) 0.01 (0.02) 0.02 (0.02) 0.14 (0.08) 10.04 (1.14)    57.14 (0.07) 
Zone 6, 7 et 8 

(Partie externe) 
Pyroxènes 19.08 (0.89) 19.13 (0.60) 0.62 (0.06) 0.11 (0.06) 0.11 (0.08) 0.94 (0.60) 0.29 (0.31) 0.13 (0.30)  59.61 (0.30) 

!"#$%"&' ()*+! %&'(&)*+*&,!'&-.,,.! .+! /012+! +-(.! 3.)! (41).)!'15.62.)! 3.)! 3*77/2.,+.)! 8&,.)! /+63*/.)9! :.)! 1,1;-).)! &,+! /+/! .77.0+6/.)! (12! <=>! 16!?<@9! :.)! 3*77/2.,+)!
1'*,0*)).'.,+)!*&,*A6.)!&,+!(.2'*)!3B100/3.2!16!0.,+2.!36!04&,32.!56)A6BC!)1!D&2362.!.E+.2,.F!3.!'1,*G2.!(;6)!&6!'&*,)!(2&H2.))*I.9!J*,)*!;.)!8&,.)!1,1;-)/.)!(12+.,+!36!
0.,+2.!KL&,.!"!.+!MN!56)A6BC!;1!D&2362.!.E+/2*.62.!36!04&,32.!KL&,.!$F!O!.+!PN9!:1!0&62&,,.!3.!)6;762.)!,B.)+!(1)!0&'(2*).!31,)!0.)!1,1;-).)9!Q,!0&,)+1+.!A6.!;1!(2*,0*(1;.!
3*77/2.,0.!.)+!(&62!;1!+.,.62!.,!R.!3.)!&;*I*,.)F!A6*!16H'.,+.!3.!'1,*G2.!(2&H2.))*I.!3.!;B*,+/2*.62!36!04&,32.!56)A6BC!;1!D&2362.!.E+/2*.62.9!

!
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!

! "#$!

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

"#$#,!%-'-.)&/&012!*/&3&+24561*78+2!!

%&'()!*'+,)!-!.&/'(*!0+)!1-!.2/*(-1&32)!,)4!,)+5!6-('2)4!,+!78&/,()!)4'!4)/4291).)/'!

1-!.:.)! ;6(*4)/7)!,<&12=2/)>! ,)!6?(&5@/)!)'!,<+/)!68-4)! -.&(68)AB! C)4! 7&.6&42'2&/4!

,)4! 6?(&5@/)4! -2/42! 0+)! 7)11)4! ,)! 1D-.&(68)! 4&/'! 42.21-2()4! 6&+(! 1)4! ,)+5! 6-('2)4B! C-!

6(2/726-1)! ,2EE*()/7)>! ,D+/! 6&2/'! ,)! =+)! 7&.6&42'2&//)11)>! )4'! 1-! ')/)+(! )/! F)G! ,)4!

&12=2/)4! ;F23+()! HB"">! I-91)-+! HBJAB! K)11)L72! -+3.)/')! ,+! 7)/'()! =)(4! 1-! 9&(,+()!

)5'*(2)+()!,+!78&/,()B!M&+(!1-!6-('2)!)5')(/)>! 1)4!&12=2/)4!)'!1)4!6?(&5@/)4!/)!4&/'!6-4!

)/! *0+2129()! 782.20+)B!NE2/!,D*=-1+)(! 1<*7-('! O! 7)'! *0+2129()>! 1-! ')/)+(! )/!F)G!,-/4! 1)4!

6?(&5@/)4!-!*'*!'(-7*)!)/!E&/7'2&/!,)!1-!')/)+(!)/!F)G!,)4!&12=2/)4!7&)524'-/')4!;F23+()!

HBPPAB! Q+(! 7)'')! E23+()! 4&/'! *3-1).)/'! ()6(*4)/'*)4! 1)4! ,&//*)4! 6&+(! ,)4! 78&/,(2')4!

&(,2/-2()4! *0+2129(*)4! ;'?6)! H! O! J>! R&,,>! "SJSA! -2/42! 0+)! 7)11)4! ,)! 78&/,()4!

6&(68?(20+)4!244+4!,)!78&/,(2')4!,)!'?6)!#!;T+92/!)'!U-44&/>!"SV$>!"SVVW!X&/)4>!"SSY>!

"SSH>!"SSJ!)'!T+92/!)'!-1B>!"SSSAB!!

!
9:;<=>!"#$$!?!Z(-6820+)!.&/'(-/'!1D*=&1+'2&/!,+!(-66&('!;F)[F)\]3A!,-/4!1)4!6?(&5@/)4!)/!E&/7'2&/!,)!
7)1+2! ,)4! &12=2/)4! 7&)524'-/')4B! Q+(! 7)! ,2-3(-..)! 1)4! ,&//*)4! 6&+(! 1-! 6-('2)! 2/')(/)! )'! )5')(/)! 4&/'!
()46)7'2=).)/'!()6(*4)/'*)4!6-(!,)4!'(2-/31)4!/&2(4!)'!(&+3)4B!C)4!7)(71)4!=2,)4!4&/'!,)4!,&//*)4!244+)4!
,)!78&/,()4!6&(68?(20+)4!O!&12=2/)4!)'!6?(&5@/)4!;MGMA!,)!78&/,(2')4!,)!'?6)!#!;,&//*)4!244+)4!,)!T+92/!
)'!U-44&/>!"SV$>!"SVVW!X&/)4>!"SSY>!"SSH>!"SSJ!)'!T+92/!)'!-1B>!"SSSAB!C)4!7(&25!()6(*4)/')/'!1)4!,&//*)4!
.&?)//)4! ,)4! 78&/,(2')4! &(,2/-2()4! *0+2129(*)4! ,)! '?6)! H! O! J! ;R&,,>! "SJSAB! Q+(! 7)! ,2-3(-..)! &/!
().-(0+)!0+)!1)4!,&//*)4!244+)4!,)!1-!6-('2)!2/')(/)!)'!)5')(/)!/)!4+2=)/'!6-4!1-!,(&2')!,D*0+2129()!E&(.*)!
6-(!1)4!78&/,()4!6&(68?(20+)4!-2/42!0+)!6&+(!1)4!78&/,(2')4!&(,2/-2()4!*0+2129(*)4B!



!

!"#$!

%&'! ()*+&'! &,-(./0&1)23&'! +*!-2.)24&!+&!54! &)! 6&78! &1).&! 39:.);:-<.:,=1&! &)! 39:3/>/1&!

0:1).&!?*&!@&!-2.)24&!+(-&1+!).='!-&*!+&'!@:0-:'/)/:1'!&)!?*&!3&!@:&AA/@/&1)!+&!-2.)24&!

54B6&! C:3/>/1&B-<.:,=1&D! &')! -.:@;&!:*! 3(4=.&0&1)! /1A(./&*.! E! "! C&F4F! %2./0&.G! "HI$J!

K&2))/&! &)! 23FG! "HH"DF! L1! -&*)! .&02.?*&.! '*.! 32! A/4*.&! MF77! ?*&! 3&'! +:11(&'! +&'!

@;:1+./)&'!:.+/12/.&'!(?*/3/N.(&'!&)!+&'!@;:1+.&'!-:.-;<./?*&'!'*/>&1)!32!0O0&!@:*.N&!

+&! )&1+21@&F! P&))&! )&1+21@&! .&-.('&1)&! 3&! -2.)24&! +*!54! &)! +*! 6&! CQR54S6&D! &1).&! 3&'!

:3/>/1&'! &)! 3&'! -<.:,=1&'! @:&,/')21)'! E! 3T(?*/3/N.&! C&F4F! %2./0&.G! "HI$J! K&2))/&! &)! 23FG!

"HH"DF!%&'!:3/>/1&'!&)!3&'!-<.:,=1&'!+*!@;:1+.&!()*+/(!/@/!1&!'*/>&1)!-2'!@&))&!)&1+21@&G!

@&!?*/!0:1).&!?*&!@&'!+&*,!-;2'&'!1&!':1)!-2'!&1!(?*/3/N.&F!P&@/!'*44=.&!?*&G!-:*.! 32!

-2.)/&!&,)&.1&!+*!@;:1+.&G!3&'!:3/>/1&'!&)!3&'!-<.:,=1&'!1&!':1)!-2'!3&!-.:+*/)!+T*1&!@:S

@./')233/'2)/:1F!U:*.! 32!-2.)/&! /1)&.1&G! @&!+('(?*/3/N.&!19&')!-2'!2--2.&1)F!V1!&AA&)!+21'!

@&))&!.(4/:1!+*!@;:1+.&!*1&!-2.)/&!+&'!+:11(&'!@:W1@/+&!2>&@!3&'!+:11(&'!+&'!@;:1+.&'!

-:.-;<./?*&'! &)! 1&! 1:*'! -&.0&)! -2'! +T2AA/.0&.! ?*&! 3&'! :3/>/1&'! &)! -<.:,=1&'! ':1)! &1!

+('(?*/3/N.&F!!

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

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

%2!@:0-:'/)/:1!+&!3T:3/>/1&!&1!(3(0&1)'!02X&*.'!C6&G!54D!&)!&1!(3(0&1)'!0/1&*.'!CP2LG!

51LD!&')!*1!N:1!/1+/@2)&*.!+*!+&4.(!+*!0()20:.-;/'0&F!V1!&AA&)!3:.'?*&!3T/1)&1'/)(!+*!

0()20:.-;/'0&!2*40&1)&G! 3&'!:3/>/1&'!+&! 32!02)./@&!&)!+&'!@;:1+.&'!>:1)!'T(?*/3/N.&.!

-2.!+&'!-;(1:0=1&'!+&!+/AA*'/:1! X*'?*TE!:N)&1/.G!-:*.! 3&'!4.2+&'!0()20:.-;/?*&'! 3&'!

-3*'!(3&>('G!+&'!@:0-:'/)/:1'!/+&1)/?*&'!C&F4F!R&Y2.)!&)!23FG!"HH7J!Y*''!&)!23FG!7ZZIDF!%2!

A/4*.&!MF7#!-.('&1)&!3&'!2N:1+21@&'!&1!P2L!&)!51L!&1!A:1@)/:1!+&!6&L!!+&'!:3/>/1&'!+&'!

+/AA(.&1)&'! -2.)/&'! +*! @;:1+.&F! [*.! @&))&! A/4*.&! ':1)! (423&0&1)! .&-:.)(&'! 3&'! +:11(&'!

:N)&1*&'! +21'! 32! 02)./@&! &)! 3&'! @:*.:11&'! E! 4.2/1'! A/1'! +&! K/';*1-*.! CP;2-/).&!

-.(@(+&1)D!2/1'/!?*&!3&'!+:11(&'!/''*&'!+&!@;:1+.&'!-:.-;<./?*&'!+&!)<-&!\!&)!\\!C]*N/1!

&)!^2'':1G!"H$_G!"H$$J! `:1&'G!"HHZG!"HHMJ!K&.3/1G!7Z"ZDF!%&'!:3/>/1&'!+&'!+&*,!-2.)/&'!

0:1).&1)! +&'! )&1&*.'! /+&1)/?*&'! &1! P2L! &)! 51L! ?*/G! @:1).2/.&0&1)! 2*,! :3/>/1&'! +&'!

@;:1+.&'!-:.-;<./?*&!&)!+&!32!02)./@&G!1&!0:1).&1)!-2'!+&!@:..(32)/:1!2>&@!32!)&1&*.!&1!

6&L!C6/4*.&!MF7#DF!P&'!:N'&.>2)/:1'!'*44=.&1)!*1!0(@21/'0&!+&!A:.02)/:1!+&'!:3/>/1&'!

'/0/32/.&! -:*.! 3&'! +&*,! -2.)/&'! ?*/! +:/)! O).&! +/AA(.&1)! +&'! :3/>/1&'! +&'! @;:1+.&'!

-:.-;<./?*&'!C@./')233/'2)/:1!E!-2.)/.!+T*1!3/?*/+&DF!!

!
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!

! "#$!

!

!
"#$%&'!()*+!%!&'()*+),-.!/0!1(2*.!*3(45*-6!*-.!7879-):.!92)-;<.!=+>!-:!?)>!-)!@(),:2()!*-!8+!:-)-;<!
-)!A->!*-.!(82B2)-.!*-!8+!1+<:2-!2):-<)-!/-)!)(2<6!-:!-4:-<)-!/-)!<(;C-6D!E(;.!+B().!7C+8-9-):!<-1(<:7!8-.!
,(91(.2:2().!2..;-.!*-.!(82B2)-.!*-!8+!9+:<2,-!-:!*-.!,(;<())-.!7:;*27-.!*+).!8-!,F+12:<-!1<7,7*-):!+2).2!
G;-!8-.!*())7-.!2..;-.!*-!,F()*<-.!1(<1F5<2G;-.!*-!:51-.!H!-:!HH!/I>I6!/J;'2)!+)*!K+..()L!"$MNL!"$MMO!
P()-.L!"$$QL!"$$RO!S-<82)L!TQ"Q6D!

!

!"#"#"#$%&'$()*+*,&'$,&$'(,-$./'$&,$012*)*34&$/+&5$)6/7(4.8&$

U+!9-.;<-!*-.!,(-@@2,2-):.!*-!1+<:+C-!+11+<-):.!*-.!7879-):.!9+V-;<.!(;!92)-;<.!-.:!

;)! '()!9(5-)! *37B+8;-<! 8-! ,(91(<:-9-):! *;! .5.:W9-D! =-.! ,(-@@2,2-):.! 1-;B-):! )(;.!

@(;<)2<!*-.!2)@(<9+:2().!.;<!8-.!97,+)2.9-.!*-!@(<9+:2()!*-.!.282,+:-.L!-)!1+<:2,;82-<!*-!



!

!"#$!

%&'()*! %+),%! %(-.! ,/%! 0*(12).%! 132-/! 4*)%.&,,)%&.)(-! )-5%).26! 7&-%! ,/! 4&%! (8! ,3(,)')-/! /.! ,/!
09*(:;-/! %/*&)/-.! )%%2%! 1/! ,&! 4*)%.&,,)%&.)(-! <! 0&*.)*! 1+2-! ,)=2)1/>! ,3&?(*0@/!
)-./*A*&-2,&)*/!1().!*/0*B%/-./*!,/!1/*-)/*!,)=2)1/!*B%)12/,!12!4@(-1*/6!C/%!4(/DD)4)/-.%!
1/!0&*.&A/!&00&*/-.%!%(-.!4&,42,B%!%/,(-!,&!D(*?2,/!%2)'&-./E!

FG!0()1%!13(:91/!1&-%!,/!?)-B*&,HIFG!0()1%!13(:91/!1&-%!,&!0@&%/!&?(*0@/!&1J&4/-./H!

C/%!'&,/2*%!1/%!4(/DD)4)/-.%!1/!0&*.&A/!(-.!B.B!4&,42,B/%!0(2*!,3(,)')-/!/.!,/!0*(:;-/!0(2*!
,/!K/>!,/!L&!/.!M,!FN&O,/&2!#6PH6!L/%!1(--B/%!%(-.!4(-D*(-.B/%!&2:!4(/DD)4)/-.%!1/!0&*.&A/!
?/%2*B%! 0(2*! 1/%! 4@(-1*/%! 0(*0@9*)=2/%! 1/! .90/! Q! /.! QQ>! =2)! %(-.! )-./*0*B.B%! 4(??/!
B.&-.!,/!*B%2,.&.!1/!,&!4*)%.&,,)%&.)(-!<!0&*.)*!132-!,)=2)1/!FR(-/%>!"SS$>!"SS#H6!C/%!'&,/2*%!
1/%!4(/DD)4)/-.%!1/!0&*.&A/!?/%2*B/%!0(2*!,3(,)')-/!/.!,/!09*(:;-/!1/!,&!0&*.)/!)-./*-/!/.!
/:./*-/!-/!%(-.!0&%!4(?0&*&O,/%!&2:!'&,/2*%!?/%2*B/%!1&-%!,/%!4@(-1*/%!0(*0@9*)=2/%6!
L/%!1B%B=2),)O*/%!4@)?)=2/%!%2AA;*/-.!=2/!,/%!(,)')-/%!/.!,/%!09*(:;-/%!%(-.!,/!*B%2,.&.!
132-/!4*)%.&,,)%&.)(-!0&*!'()/!%(,)1/!F.*&-%D(*?&.)(-!%2O%(,)12%H6!

!

    KdFe KdCa KdAl 

Partie interne 4.61 0.95  

Partie externe 27.66 0.49  

Type I (Jones, 1994) 2.15 0.05  
Olivine 

Type II (Jones, 1990) 0.45 0.05   

Partie interne 1.41 8.52 0.07 

Partie externe 3.94 6.75 0.08 Pyroxène  
(pauvre en Ca) 

Type I (Jones, 1994) 0.89 0.03 0.03 

"#$%&#'!()*!5!L(/DD)4)/-.%!1/!0&*.&A/!&00&*/-.!0(2*!,/%!(,)')-/%!/.!,/%!09*(:;-/%!1&-%!,/%!0&*.)/%!)-./*-/!
/.!/:./*-/!12!4@(-1*/!B.21)B6!C/%!'&,/2*%!?/%2*B/%!0&*!R(-/%!F"SS#H!/.!R(-/%!F"SS$H!1&-%!,/%!4@(-1*/%!1/!
.90/!Q!/.!QQ!%(-.!BA&,/?/-.!*/0(*.B/%6!

!

!"#"#"$%&'%()*+),-.-)/%01%23'*)4+51%/31,.%+',%()*+'.-621%'71(%8/%
71441%

C&!?B%(%.&%/!1&-%!,/%!4@(-1*/%!0(*0@9*)=2/%!4(**/%0(-1!<!2-!,)=2)1/!*B%)12/,!,(*%!12!
0*(4/%%2%!1/!D(*?&.)(-!12!4@(-1*/6!L/,,/54)!/%.!?&J(*).&)*/?/-.!/-*)4@)/!/-!T)>!M,!/.!L&!
F/6AU6!T/&*%!/.!&,6>!"SSVH6!C&!D)A2*/!#6V#!?(-.*/!,3&O(-1&-4/!1/!,3M,VWX!/.!L&W!/-!D(-4.)(-!



!!"#$%&'()*)+),-./0)/01)2345/601)545)745/.1"#

!

! "#"!

$%!&'()!*+%,! -./0+,*12!$23!$2%4!*/,5'236! -/!073+35/32!$23! 81+9$,23!*+,*1:,';%23!$2!

5:*2! <! 25! 5:*2! <<! =$+99723! '33%23!$2!>%?'9! 25!@/33+96! "ABBC! D+9236! "AAE6! "AA#6! "AAFC!

G%/9H! 25! /-I6! "AAFJ! /'93'! ;%2! *+%,! -./0+,*12! *,73295! $/93! -23! 81+9$,23! /HH-+07,73!

=@2'3?2,H!25!K,'9L6!"AAFJI!M%2!82-/!3+'5!*+%,!-23!81+9$,23!*+,*1:,';%23!+%!/HH-+07,736!

+9!+?32,N2!%92!O+,52!8+,,7-/5'+9!97H/5'N2!295,2!823!/?+9$/9823I!P2!3'-'8/52!/0+,*12!$23!

$2%4! */,5'23! $%! 81+9$,2! 75%$'7! 32! $75/812! 3'H9'O'8/5'N20295! $2! 823! 529$/98236! 82! ;%'!

3%HHQ,2! ;%2! -R/0+,*12! $%! 81+9$,2! 75%$'7! 9R235! */3! %9! -';%'$2! ,73'$%2-! $2! 5:*2!

073+35/32!$2!81+9$,2I!

S2! 0/9'Q,2! H797,/-26! -23! *1/323! /0+,*123! 3+95! -23! *1/323! -23! *-%3! ,7/85'N23! -+,3! $2!

0+$'O'8/5'+93!3%,!-2!8+,*3!*/,295I!P/!*-%*/,5!$%!520*3!82--23T8'!3+95!,20*-/8723!*/,!$23!

*1:--+3'-'8/523! +%! 3+95! ,28,'35/--'3723! -+,3! $2! -./-57,/5'+9! /;%2%32! 25U+%! $%!

075/0+,*1'302! 512,0';%2! =2IHI! V,2/,-2:6! )EEFC! G%33! 25! /-I6! )EEFJI! W92! +?32,N/5'+9!

'0*+,5/952!235!;%2!-./0+,*12!0+95,2!$2!5,Q3!O/'?-23!/?+9$/9823!29!X/!*/,!,/**+,5!/%4!

073+35/323! $23! 81+9$,23! *+,*1:,';%23! =Y'H%,2! #I)#JI! P2! X/! 75/95! %9! 7-70295!0+?'-2!

-+,3! $2! -./-57,/5'+9! /;%2%32! =2IHI! Z,+330/9! 25! /-I6! )EEE6! )EE)J6! 823! 5,Q3! O/'?-23!

/?+9$/9823!,73%-5295T2--23!$2! -./-57,/5'+9!3%,! -2!8+,*3!*/,295[!(\!,2*,73295295T2--23! -/!

8+0*+3'5'+9!'9'5'/-2[!

S/93! -23! 81+9$,'523! +,$'9/',23! 9+9! 7;%'-'?,7236! -23! 2OO253! $2! -./-57,/5'+9! /;%2%32! 3+95!

-+8/-'373!25!*,'98'*/-20295!3'5%73!$/93! -/!0/5,'82!25! -23!8+%,+9923!]!H,/'93!O'93!/%5+%,!

$23!81+9$,23!=G%33!25!/-I6!)EEF!25!,7O7,29823!'98-%323JI!X2--2T8'!/!9+5/00295!/OO2857!$2!

0/9'Q,2! -+8/-2! -2! 0/57,'2-! /0+,*12! *,73295! $/93! -/! 0/5,'82! 25! -23! 8+%,+9923! 29! -2!

,20*-/^/95! */,! $2! -/! 30285'52! ,'812! 29! O2,! =2IHI! _-24/9$2,! 25! /-I6! "ABA?JI! P2!

075/0+,*1'302! 512,0';%2! /6! ;%/95! ]! -%'6! *+%,! 2OO25! %92! ,28,'35/--'3/5'+9! */,5'2--2! +%!

5+5/-2!$2!-./0+,*12!32-+9!-.'95293'57!$%!81/%OO/H2!=G%33!25!/-I6!)EEFJI!`+3!+?32,N/5'+93!

$/93! -23! $2%4! */,5'23! $%! 81+9$,2! +95! ,7N7-7! ;%2! -./0+,*12! $%! 81+9$,2! *,732952! %9!

/3*285! -'332! =Y'H%,2! #I"FJI! _%8%9! *1:--+3'-'8/526! *1/32! $2! ,20*-/820295! +%! $.%92!

;%2-8+9;%2! ,28,'35/--'3/5'+9! 9./! 757! +?32,N7! 3%HH7,/95! ;%.'-! 9./! 3%?'! /%8%92!

5,/93O+,0/5'+9!/%!32'9!$%!8+,*3!*/,295I! <-! 320?-2,/'5!/'93'!;%2! -./0+,*12!/'5!*,732,N7!

323!8/,/857,'35';%23!+,'H'92--23I!

!



!

!"#$!

!

!
"#$%&'!()*(!%!&'()*(++,!+-./*(./!0(!1-.1,./*(/'-.!2340$56!,.!7-.1/'-.!2,!1,00,!2,!8'5$!9,.!:(;/<!,/!0(!
1-.1,./*(/'-.!2,! =(5! ,.! 7-.1/'-.!2,! 1,00,! 2,! 8'5$! 9,.! >(?<! @-;*! 03(+-*@:,! './,*)*(.;0('*,! 2;! 1:-.2*,!

A/;2'A!2(.?!1,!1:(@'/*,!,/!@-;*!0(!+A?-?/(?,!2,!1:-.2*,?!@-*@:B*'C;,?!2,!/B@,!D!,/!DD!9E;>'.!,/!F(??-.G!

"HIIJ!K-.,?G!"HHLG!"HH#G!"HHMJ!N;(.)!,/!(0OG!"HHM<O!P,?!2-..A,?!+-B,..,?!@-;*!0,?!1:-.2*,?!())0-+A*A?!

+,?;*A,?!@(*!F,'?>,*)!,/!Q*'.R!9"HHM<!?-./!A)(0,+,./!*,@*A?,./A,?O!P,?!2-..A,?!?-./!S!@-'2?!23-TB2,?O!

!

!

P,?! ?'0'1(/,?! 9U,**,?<! (0;+'.,;TG! /,0?! C;,! 0,?! +A?-?/(?,?G! ?-./! 2'/?! @,*(0;+'.,;T! -;!

@,*(01(0'.?! ?V'0! B! (! (??,R! 2,! 1(/'-.?!+A/(00'C;,?! @-;*! 1-+@,.?,*G! ,.! /,*+,! 2,! 1:(*),G!

03406W! 2(.?! 0,?! ?'/,?! /A/*(A2*'C;,?! 9XB?,.!(.2!E'1:,/G! $LLY<O! P,!2-+('.,!2,! 7-*+(/'-.!

2,?! U,**,?! .(/;*,0?G! '.10;(./! 0,?! +A?-?/(?,?! 2,?! 1:-.2*,?G! ?,! ?'/;,! 2(.?! 0,! 1:(+@!

@,*(01(0'.?O! P(! 1-+@-?'/'-.! 2,! 03(+-*@:,! './,*)*(.;0('*,! 9Z(>0,(;! #O$<! 2,! 0(! @(*/',!
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!

! "#$!

%&'()&(!('!(*'()&(!(+'!+%',-(!./&+!0(!12/34!4()/0,3%&(,*!56%7,)(!#89:;8!<(0/!1=&')/+'(!

)/.%1/0(3(&'!/>(1!0(+!1=34=+%'%=&+!.(+!3-+=+'/+(+!.(+!12=&.)(+!4=)42?)%@,(+!('!40,+!

7-&-)/0(3(&'!/>(1!0(+!1=34=+%'%=&+!.(+! 0%@,%.(+!&/',)(0+!@,%!4(,>(&'!A')(!')(34-+!(&!

>())(+! 5B?+(&! /&.! C%12('D! 9EE:;8! <(0/! %&.%@,(D! @,(! 1(! +=%'! ./&+! 0/! 4/)'%(! %&'()&(! =,!

(*'()&(D! @,(! 0F/3=)42(! %&'()7)/&,0/%)(! &(! )-+,0'(! 4/+! .(! 0/! >%')%G%1/'%=&! .F,&! 0%@,%.(!

3/%+!+,77H)(!@,(!1(0,%I1%!(+'! 0(!)-+%.,!.F,&(!')/&+G=)3/'%=&!J! 0F-'/'!+=0%.(!('!+,44=)'(!

-7/0(3(&'!0F%.-(!@,(!0(+!=0%>%&(+!+=&'!0/!1=&+-@,(&1(!.F,&(!1)%+'/00%+/'%=&!+,K+=0%.,+8!

!

!
"#$%&'!()*+!,!<=34=+%'%=&!.(! 0/!3/'%H)(!/3=)42(! %&'()7)/&,0/%)(!./&+! 0/!4/)'%(! %&'()&(!51/))-+!&=%)+;!
/%&+%!@,(!./&+!0/!4/)'%(!(*'()&(!51/))-+!)=,7(+;!.,!12=&.)(8!L,)!1(!.%/7)/33(!(+'!-7/0(3(&'!)(4=)'-!0/!
1=34=+%'%=&!.(+!3-+=+'/+(+!.(!12=&.)(+!%++,(+!.(!12=&.)%'(+!.(!'?4(!$8!M/&+!1(!'?4(!.(!.%/7)/33(!=&!
.%+'%&7,(! .(,*! 12/34+N! 0(! 12/34! 4()/0,3%&(,*! 5J! .)=%'(;! ('! 0(! 12/34! 4()/01/0%&! 5J! 7/,12(;8! O/!
1=34=+%'%=&! .(! 0F/3=)42(! .,! 12=&.)(! -',.%-! .(! P%+2,&4,)! +(! +%',(! 4)%&1%4/0(3(&'! ./&+! 0(! 12/34!
4()/0,3%&(,*D!1(!@,%!(+'!(&!.-+/11=).!/>(1!0/!1=34=+%'%=&!.(+!0%@,%.(+!&/',)(0+!@,%!4(,>(&'!A')(!')(34-+!
1=33(!.(+!>())(+!5%&10,/&'!0(+!3-+=+'/+(+;8!!
!

()*)-!./01234/35/46!7894/:!/34:93:;:<4:93:!

OF%3/7(!BQPIPLQ!%&.%@,(!,&(!.%+1=&'%&,%'-!G)/&12(!(&')(!0(+!.(,*!4/)'%(+!56%7,)(!#8";8!

<(''(!.%+1=&'%&,%'-!(+'!4)%&1%4/0(3(&'!)(0%-(!J!0/!.%GG-)(&1(!.F/K=&./&1(!(&!6(!.(+!.(,*!

4/)'%(+!@,%D!4=,)!)/44(0D!4=++H.(&'!,&!)/44=)'!B7RL%! %.(&'%@,(!56%7,)(!#89;8!O(! G()!(+'!

4)%&1%4/0(3(&'!)-4/)'%!./&+!')=%+!42/+(+!.%GG-)(&'(+N!0F=0%>%&(D!0(!3-'/0!('!0(+!+,0G,)(+8!O/!



!

!"##!

$%&'()! *&+,%-./! ()0! 01231%)0! )0.! 4,'0.-.1/)! (51'! */2&'$)! 67867! ()! 9! ).! :)! ;:)9<!

=%,-2-.)><! -2! )0.! (,'4! ?,00-@2)! (5)0.-*)%! 2&! A1&'.-./! ()! 3)%! &00,4-/)! &1B! 01231%)0! (&'0!

4C&A1)! ?&%.-)D! E"F!(1! 3)%! )0.! &00,4-/! &1B! 01231%)0! (&'0! 2&! ?&%.-)! -'.)%')! 4,'.%)! EGF!

(&'0! 2&!?&%.-)!)B.)%')D!H'!%)I&'4C)! 2J)0.-*&.-,'!()! 2&!A1&'.-./!()! 3)%!4,'.)'1!(&'0! 2)0!

?C&0)0!*/.&22-A1)0!)0.!?210!(-33-4-2)D!H'!)33).<!-2!K!&!()1B!?,?12&.-,'0<!1')!%-4C)!;L67!F!

&.D>!).!1')!?&1I%)!;L"F!&.D>!)'!M-D!M,10!&I,'0!&2,%0!0,10.%&-.!2)!3)%!&00,4-/!&1B!01231%)0!

?,1%!2)0!(-33/%)'.)0!&'&2K0)0!).!',10!2)0!&I,'0!%)?,%./!(&'0!1'!(-&$%&**)!.)%'&-%)!9-N

O$N;:)N9>! ;:-$1%)! #DPQ>D! 91-.)! R! 4)..)! ,?/%&.-,'<! 2)0! 4,*?,0-.-,'0!*,K)'')0! ?,1%! 2)0!

?&%.-)0! -'.)%')! ).! )B.)%')! &??&%&-00)'.! @)&14,1?! ?210! %)00)%%/)0! 01$$/%&'.! 1')!

4,*?,0-.-,'!*,K)'')!&00)S!?%,4C)!)'.%)!2)0!()1B!?&%.-)0D!T5)'%-4C-00)*)'.!)'!3)%!()!2&!

?&%.-)! )B.)%')! 0)*@2)! (,'4! ?%-'4-?&2)*)'.! %)2-/! R! 1')! ?210! $%&'()! &@,'(&'4)! ()!

01231%)0D!!

!
"#$%&'!()*+!N!U-&$%&**)!.)%'&-%)!;:)N9>N9-NO$!,V!0,'.!%)?%/0)'./)0!2)0!4,*?,0-.-,'0!()!2&!?&%.-)!

-'.)%')!).!)B.)%')!(1!4C,'(%)!&-'0-!A1)!2&!4,*?,0-.-,'!WXD!T)0!&'&2K0)0!,'.!/./!)33)4.1/)0!?&%!HU9!&1!OHYD!

!

()*)(!,-../012314!5627-3-624!38109-:;14!13!0176<!

=,1.)3,-0<! *Z*)! &?%[0! 2&! 0,10.%&4.-,'! (1! 3)%! 2-/! &1B! 01231%)0<! ,'! %)*&%A1)! A15-2! K!

?)%0-0.)! 1'! ?).-.! (/4&2&$)! ()! 4,*?,0-.-,'! )'.%)! 2)0! ()1B! ?&%.-)0! ;:-$1%)! #DPQ>D! W)!

(/4&2&$)!)0.!)00)'.-)22)*)'.!(\!&1!3)%!4,'.)'1!(&'0!2)0!,2-I-')0D!T&!?210!3&-@2)!.&-22)!()!

$%&-'0!()0!0-2-4&.)0!;]"!^*>!&00,4-/)!R!1')!.)')1%!?210!/2)I/)!)'!:)_!()0!,2-I-')0!(&'0!2&!

?&%.-)!)B.)%')!',10!-'(-A1)!A1)!4)..)!?&%.-)!&!/./!4C&133/)!R!?210!@&00)!.)*?/%&.1%)!).!

?%,@&@2)*)'.!(&'0!1'! )'I-%,'')*)'.!?210! ,BK(&'.! A1)! 2&! ?&%.-)! -'.)%')D! H'! )33).! 2)0!



!!"#$%&'()*)+),-./0)/01)2345/601)545)745/.1"#

!

! "#$!

%&'(')*+!,-.(/*+!*)!0*1!2,-/3'*!')3*/)*4!*3!/'56*+!*)!0*1!2,-/3'*!*73*/)*4!)*!,*.(*)3!,-+!

+*!8%/9*/!-.7!9:9*+!5%);'3'%)+<!

=%.+! ,*)+%)+! >.*! &-! ;'+5%)3').'3?! %@+*/(?*! *)3/*! &-! A%)*! ')3*/)*! *3! ,?/',6?/'>.*! ;.!

56%);/*!,%.//-'3!:3/*!/*&'?*!B!&-!,/?+*)5*!;*!5-/@%)*!;-)+!&*+!,/?5./+*./+!;.!56%);/*<!

C*! ;'-D/-99*! ;EF&&')D6-9! 20'D./*! #<GH4I! ,*/9*3! ;*! ,/?(%'/! &*+! ?>.'&'@/*+! *)3/*! .)!

9?3-&!*3!+*+!%7J;*+!*)!8%)53'%)!;*!&-!3*9,?/-3./*!*3!;*!&-!8.D-5'3?!;K%7JDL)*I!B!,/*++'%)!

-39%+,6?/'>.*<!M-/5*!>.*!&-!/?-53'%)N!O!P"QG!1G!RRS!O1I!,%++L;*!.)*!,*)3*!)?D-3'(*I!&*!

5-/@%)*!/*,/?+*)3*!.)!-D*)3!/?;.53*./!,%3*)3'*&!*3!,*.3!/?;.'/*!&*!8*/!;-)+!&*+!+'&'5-3*+!

+.'(-)3!5*33*!/?-53'%)N!

0*1!2+'&'5-3*+4!P!O!T!0*!29?3-&4!P!O1!2D-A4!

U*&%)!&*!;'-D/-99*!;EF&&')D6-9!&-!/?-53'%)!;*!/?;.53'%)!-! &'*.!,%./!;*+!3*9,?/-3./*+!

SHVV!WO<!U'!&E%)!(*.3!-,,&'>.*/!5*33*!/?-53'%)!B!)%3/*!%@X*3!;E?3.;*!5*&-!'9,&'>.*!>.E'&!J!

-'3!;.!5-/@%)*!B!;'+,%+'3'%)!;-)+!&E*)('/%))*9*)3!;*!8%/9-3'%)!;.!56%);/*<!M-/!-'&&*./+!

&-! ,-/3'*! ')3*/)*! ?3-)3! ,&.+! /?;.'3*I! &*+! ,/?5./+*./+! B! &E%/'D')*!;*! 5*&&*R5'! -./-'*)3! ?3?!

56-.88?+! B! ;*+! 3*9,?/-3./*+! +.,?/'*./*+! B! &-! ,-/3'*! *73*/)*! ,&.+! %7J;?*<! C*+!

,/?5./+*./+!B!&E%/'D')*!;*!&-!,-/3'*!*73*/)*!-./-'*)3!-')+'!?3?!56-.88?+!B!.)*!3*9,?/-3./*!

')8?/'*./*! B! HVV! WO<! =%+! ;'88?/*)3*+! %@+*/(-3'%)+! %)3! 9%)3/?! >.*! &-! ,-/3'*! ')3*/)*!

,%++L;*!.)*!3-'&&*!;*!D/-')+!-')+'!>.E.)*!3*73./*!,&.+!?>.'&'@/?*!+.,,%/3-)3!&E';?*!>.E*&&*!

-! ?3?! 56-.88?*! B! .)*! 3*9,?/-3./*! +.,?/'*./*! B! &-! ,-/3'*! *73*/)*<! O*! +5?)-/'%! ,*/9*3!

?D-&*9*)3! ;E*7,&'>.*/! &-! ,&.+! 8-'@&*! -@%);-)5*! ;*! +.&8./*+! ;%)3! &E-@%);-)5*! ;'9').*!

-(*5!&E')3*)+'3?!;.!56-.88-D*!2*<D<!Y*Z')+!*3!-&<I!"[[H4<!

!
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!"#$!

!
"#$%&'!()*+!%!&'()*(++,!-./00'1)2(+3!41!56178(8,!9:,!0(!*;(58'61!<!=">?!4?!%%@!<4!A677B-,!:1,!A,18,!
1;)(8'C,3!D,!5(*E61,!*,A*;7,18,!('17'!:1!E61!(),18!*;-:58,:*!A68,18',0!(:!F,4!-(17!0,7!7'0'5(8,73!!

!

&(17!0(!A(*8',!'18,*1,!-:!5261-*,G!0,7!7:0H:*,7!,8!0,!+;8(0!+618*,18!:1,!H6*+,!(**61-',!

7:AA6*8(18!0.'-;,!9:.'07!7618!A(77;7!A(*!:1!;8(8!H61-:3!I6:*!(:8(18!16:7!1.6E7,*C617!A(7!

-,! 56(0,75,15,! '+A6*8(18,!-,!+;8(0>7:0H:*,7! 56++,!61!A,:8! 0.6E7,*C,*!-(17! 5,*8('17!

5261-*,7!-,!8JA,!K!LF'):*,!#3?MN3!<,88,!6E7,*C(8'61!7:AA6*8,!0.'-;,!9:,!0,7!7'0'5(8,7!1.618!

A(7!H61-:G!E069:(18!('17'!0(!56(0,75,15,!-,7!7:0H:*,7!,8!A2(7,7!+;8(00'9:,73!D.,:8,58'9:,!

F,%F,O!7,!7'8:(18!(:P!(0,186:*7!-,!"QQQR<G! 0(!8,+A;*(8:*,!(88,'18,!-,!0(!A(*8',! '18,*1,!

-6'8!S8*,!(:!+6'17!;)(0,!T!5,88,!8,+A;*(8:*,!06*7!-,!0.;C;1,+,18!82,*+'9:,!T!0.6*')'1,!

-:!5261-*,3!!

!

!
"#$%&'!()*,%!K+(),!U/V!,1!;0,58*617!*;8*6-'HH:7;7!-.:1!5261-*,!-,!8JA,%K3!O:*!5,88,!'+(),!61!6E7,*C,!0(!
A*;7,15,!-,!)*(1-,7!E'00,7!-,!+;8(03!D,!+;8(0!,8! 0,7! 7'0'5(8,7!;8(18!-,:P! 0'9:'-,7! '++'75'E0,7G! 06*7!-,! 0(!
H:7'61! -:! A*;5:*7,:*! -,! 5,! 5261-*,! 0,! +;8(0! 7,! W*,)*6:A,W! ,8! H6*+,! -,! )*(1-,7! E'00,73! O6:*5,! V,*0'1!
L?Q"QN3!
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!

! "#$!

"#$#%!&'()*++,+!-*!.('/012(3!

%&'!&(')*+,-.&/'!'0112*)/-!30)4!5.'!6!7,*-!8)'!'0890*)'!)-!8)!5:-,8!;)!8,!7,*-.)!./-)*/)4!8)!

<=&/;*)! />,! 7,'! '0(.! ;)! 90'.&/?! @)8&/! 8,! <&57&'.-.&/! ;)'! <=&/;*)'! 7&*7=A*.30)'4! 8)!

'&8.;0'!)'-!)'-.5:!)/-*)!""BB!)-!"CBBDE!FE&//&88A!)-!,8?4!GBBHI?!E&55)!8)'!'.8.<,-)'!/)!

5&/-*)/-!7,'!;)!'.1/)!;)!90'.&/4!8)!<=&/;*)!/>,!7,'!;J!K-*)!<=,099:!6!0/)!-)57:*,-0*)!

'07:*.)0*)!6!<)88)'L<.?!E&55)!/&0'!8>,+&/'!+0!;,/'!8,!')<-.&/!7*:<:;)/-)!8)!5:-,8!)-!8)'!

'0890*)'! '&/-! 7,'':'! 7,*! 0/! :-,-! 9&/;0! ./;.30,/-! 30)! 8,! -)57:*,-0*)! ,! ;:7,'':! 8)'!

"BBBDE?!M./'.! 8,!-)57:*,-0*)!,--)./-)!7,*!8)!<=&/;*)!')!'.-0)!)/-*)!"BBB!)-!"CBBDE?!N,!

5./:*,8&1.)! &(')*+:)! *:'08-)*,.-! ,8&*'! ;O0/! 9*.--,1)! ;>,118&5:*,-'! ;)! 7*:<0*')0*'!

'&8.;)'?!E)!'<:/,*.&!)'-!)/!,<<&*;!,+)<! 8)'!:-0;)'!:+&30,/-! 8,! 9&*5,-.&/!;)'!<=&/;*)'!

;,/'!0/!)/+.*&//)5)/-!/:(08,.*)!F)?1?!P&&;4!"QQHR!S&/)'!)-!,8?4!GBBTI?!

!

"#$#4!&'5),'+*,'+!-,!)6(3-'*!

E)! <=&/;*)! /&/! 9&/;0! F5.'! 6! 7,*-! 7&0*! 8)'! '0890*)'! )-! 8)! 5:-,8I! /&0'! &99*)! ,./'.!

8>&77&*-0/.-:!;)!;.'<0-)*!8,!/,-0*)!;)!<)'!7*:<0*')0*'!)-!;>:+,80)*!8)'!7*)5.2*)'!:-,7)'!

;)! 8)0*! -*,/'9&*5,-.&/! 8&*'! ;0! 7*&<)''0'! ;)! 9&*5,-.&/! ;)'! <=&/;*)'?! N)! -,(8),0! #?U!

7*:')/-)! 8)'!*,77&*-'!:8:5)/-,.*)'!5&A)/'!;)! 8,!7,*-.)! ./-)*/)!)-!)V-)*/)!;0!<=&/;*)?!

E)!-,(8),0!7&'.-.&//)!:1,8)5)/-!8)'!+,8)0*'!;)!8,!<&57&'.-.&/!'&8,.*)!FN&;;)*'4!GB"BI!)-!

;)'! WXY@! 7*:')/-! ;,/'! 8)'! Z[\'! ,/=A;*)'! F])88)*! )-! Y)'')/1)*4! GB""I?! E)'! ;&//:)'!

/&0'! ./;.30)/-! 30)! 8)'! *,77&*-'! 7&0*! 8)'! :8:5)/-'! *:9*,<-,.*)'! FM84! E,4! Y1I! '&/-!

.;)/-.30)'!;,/'!8)'!;)0V!7,*-.)'!;0!<=&/;*)?!E)'!*:'08-,-'!'0112*)/-!30)!8)'!7*:<0*')0*'!

6! 8>&*.1./)!;)! 8,!7,*-.)! ./-)*/)!)-!)V-)*/)!'&/-! .;)/-.30)'?!N>,'')5(8,1)!5./:*,8&1.30)!

<&57,*,(8)!;,/'!8)'!;)0V!7,*-.)'!'077&*-)!:1,8)5)/-!<)--)!.;:)?!

!

  Mg/Si Al/Si S/Si Ca/Si Fe/Si Ni/Si Na/Si 

Partie interne 0.97 0.10 0.14 0.07 0.44 0.04 0.18 

Partie externe 0.99 0.07 0.35 0.04 0.92 0.03 0.10 

CI 1.03 0.09 0.42 0.06 0.85 0.05 0.06 

GEMS 0.67 0.07 0.30 0.04 0.56 0.03 - 

789:;8<!"#=!^,77&*-'!:8:5)/-,.*)'!5&A)/'!7&0*!8,!7,*-.)!./-)*/)!)-!)V-)*/)!;0!<=&/;*)?!N)'!*,77&*-'!
:8:5)/-,.*)'! ;)! 8,! <&57&'.-.&/! '&8,.*)! FN&;;)*'4! GB"BI! )-! ;)'! WXY@! F])88)*! )-!Y)'')/1)*4! GB"BI! '&/-!

:1,8)5)/-! *)7&*-:'! ;,/'! 8)! -,(8),0?! _/! <&/'-,-)! 30)! 8)'! *,77&*-'! '&/-! ;,/'! 8>)/')5(8)! <=&/;*.-.30)!

)V<)7-:! 7&0*! 8)! @`@.! )-! a)`@.! 30.! '&/-! '0(L<=&/;*.-.30)'! ;,/'! 8,! 7,*-.)! ./-)*/)! )-! '07)*L<=&/;*.-.30)'!

;,/'!8,!7,*-.)!)V-)*/)?!N)'!<&57&'.-.&/'!&/-!:-:!5)'0*:)'!7,*!X[@!,0!YXb?!
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%&'()*+,-'-./,!0+!1'!-+,+(2!+,!3+4!0+5!/1.6.,+5!0(!7+,-2+!6+25!1+5!28)./,5!+9-+2,+5!0(!

7:/,02+;! '55/7.8! '(! 0858<(.1.=2+! 7:.*.<(+! '6+7! 1+5! >?2/9@,+5;! 5())@2+! <(+! 1&/1.6.,+!

,&+5-! >'5! :82.-8+!0(!>287(25+(2! A! 1&/2.).,+!0(! 7:/,02+!*'.5! 2+>285+,-+!(,!>2/0(.-! 0+!

72.5-'11.5'-./,B!%+5!>2/7+55(5!*')*'-.<(+5!,&8-',-!>'5!+,!C+(!.7.;!,/(5!0+6/,5!+,6.5')+2!

1'!72.5-'11.5'-./,!0+5!/1.6.,+5!>'2!6/.+!5/1.0+!D5(=E5/1.0(5FB!%+5!8-(0+5!+9>82.*+,-'1+5!0+!

2+7(.-!0&','1/)(+5!0+!>/(55.@2+5!.,-+2>1',8-'.2+5!.55(+5!0+!1'!-:@5+!0+!G.11/-!DHI"IF!/,-!

*/,-28! <(+! 1&/1.6.,+! 72.5-'11.5+! J'7.1+*+,-! A! >'2-.2! 0+! 5.1.7'-+5! '*/2>:+5;! ?! 7/*>2.5!

<(',0! 1'! 7/*>/5.-./,! .,.-.'1+!,K'!>'5! 1'! 5-L7:./*8-2.+!0+! 1K/1.6.,+B! %/25!0+! 5/,! 8-(0+;!

G.11/-! DHI"IF! '! ,/-'**+,-! +,-2+>2.5! 1+! 2+7(.-! -:+2*.<(+! 0&'*/2>:+5! 0+! 7/*>/5.-./,!

M)HN.4#!+-!M)N.4O!>/(2!0+5!)'**+5!0+!-+*>82'-(2+!'11',-!0+!PIIQR!A!"IIIQR!'6+7!0+5!

6.-+55+5! +-! 0+5! 0(28+5! 0+! -2'.-+*+,-5! -:+2*.<(+5! 6'2.'=1+5B! S,! 285(1-'-! .*>/2-',-! +5-!

<(&A! >'2-.2! 0+! 7+5! 0+(9! 7/*>/5.-./,5;! 1&/1.6.,+! +5-! 1'! >2+*.@2+! >:'5+! A! 72.5-'11.5+2;! A!

>'2-.2! 0+! PIIQRB! R/,7+2,',-! 1&'*/2>:+! 0+! 7/*>/5.-./,! M)HN.4#;! 1+! 5(.6.! .,E5.-(! 0+5!

0.JJ82+,-5! -2'.-+*+,-5! -:+2*.<(+5! D0+! PIIQR! A! "IIIQRF! .,0.<(+,-! 1'! J/2*'-./,!

*'C/2.-'.2+*+,-!0+!J/25-82.-+;!<(.!7/22+5>/,0!A!1'!7/*>/5.-./,!0+!1&'*/2>:+!0+!08>'2-B!

T,! 2+6',7:+! 1+! 5(.6.! 0+5! +9>82.+,7+5! 0+! 2+7(.-! 0+! 1&'*/2>:+! M)N.4O! .,0.<(+! (,+!

72.5-'11.5'-./,!58<(+,78+B!%/25!0+!1'!*/,-8+!+,!-+*>82'-(2+;!1'!J/25-82.-+!+5-!1'!>2+*.@2+!

>:'5+! A! 72.5-'11.5+2! A! >'2-.2! 0&(,+! -+*>82'-(2+! 0+! PHIQR;! 5(.6.+! >'2! 1&'>>'2.-./,! 0+!

71.,/+,5-'-.-+! +-! 0&/2-:/+,5-'-.-+! >/(2! 0+5! -+*>82'-(2+5! 0+! PUIQR! +-! $"IQR!

2+5>+7-.6+*+,-!DG.11/-;!HI"IV!W/5X/5Y!+-!'1B;!HIIUFB!%+!285.0(!0+!-2',5J/2*'-./,!A!1&8-'-!

5/1.0+!0+!7+5!+9>82.+,7+5!+5-!(,!'*/2>:+!2.7:+!+,!5.1.7.(*B!Z2/[,1++!+-!'1B!DHII\F!/,-;!

<(',-!A!+(9;!+JJ+7-(8!0+5!+9>82.+,7+5!0+!2+7(.-!5(2!0+5!GTMNB!%/25!0+!1+(25!+9>82.+,7+5;!

6+25! PIIQR;! .15! /,-! 7/,5-'-8! 1'! J/2*'-./,! 0+! )2'.,5! 5(=E'(-/*/2>:+5! A! '(-/*/2>:+5!

0&/1.6.,+! +-! >?2/9@,+!*/0828*+,-! 2.7:+5! +,! J+2B! R+5! 0.JJ82+,-+5! +9>82.+,7+5! /,-! '.,5.!

*.5!+,!86.0+,7+!<(+!1&/1.6.,+!72.5-'11.5+!J'7.1+*+,-!1/25!0(!2+7(.-!0&'*/2>:+B!

]',5! 1+! 7:/,02+! 8-(0.8;! 0+! 1'2)+5! Y/,+5! 0+! 5.1.7'-+! '*/2>:+! 7/,-.+,,+,-! 0+5! )2'.,5!

'(-/*/2>:+5! 0&/1.6.,+! D3.)(2+! #B"#FB! R+5! /=5+26'-./,5! 5+*=1+,-! 7/*>'-.=1+5! '6+7! 1+5!

/=5+26'-./,5! *.72/57/>.<(+5! +JJ+7-(8+5! 5(2! 1+5! >2/0(.-5! 0K+9>82.+,7+5! 0+! 2+7(.-!

0&','1/)(+5!0+!>/(55.@2+5! DG.11/-;! HI"IV!W/5X/5Y!+-! '1B;! HIIUF!'.,5.!<(+!0+5!*'-82.'(9!

>2.*.-.J5!DGTMN;!Z2/[,1++!+-!'1B;!HII\F!+-!5(>>/2-+!1&.08+!<(+!1+5!/1.6.,+5!5/,-!1+!>2/0(.-!
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(5)%+<-5.)(/-%!=!1:'()(!+-1/;2!2(!3/2%(!+-4(2%/5!1:/;'2!;:4%2!,5/+()11/+)(/-%!*)5!3-/2!+-1/;2>!
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I-4+! +4**-5(-%+! 1:/;'2! 942! ,2+! 2%+()(/(2+! +-%(! C'5/('2+! ;4! *5',45+245! =! 1:-5/7/%2! ;4!
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4%2! ,-.*-+/(/-%! 71-0)12! *5-,C2! ;2! 1)! ,-.*-+/(/-%! ?K>! L)%+! 1)! %)(4526! 12+! '94/3)12%(+!
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,25()/%2+!*-4++/852+!/%(25*1)%'()/52+!,C-%;5/(/942+!2(!*-524+2+!;2!,-.*-+/(/-%!+-1)/52>!
M2+! .)(5/,2+! *5/./(/32+! ;:N,<25! O$#! EP52+C)Q26! "$$RG6! NMSNRRTOR! EU52)512A6! "$$TG6!
FVW!OO#XY!2(!Z[V!$$"RR! EN0524! 2(!U52)512A6! XO"O!\! M2!P4/11-4! 2(!U52)512A6! XO"#G! 2(!
J)5/+! EM25-4@! 2(! )1>6! XO"]G! +-%(! 1)572.2%(! ;-./%'2+! *)5! ;4! +/1/,)(2! ).-5*C26! )4! +2/%!
;49421!;2+!+/1/,)(2+!,5/+()11/%+!.)7%'+/2%+!+-%(!<5'942%(+>!J)5./!12+!.)('5/)4@!*5/./(/<+6!
;2+! '94/3)12%(+! ;&KLJ+! )%CA;52+! 2(! *-524+2+! +-%(! '7)12.2%(! ;2+! ,)%;/;)(+>! V%! 2<<2(6!
2112+!+-%(!,-%+(/(4'2+!*)5!;2+!75)/%+!;2!PVF^!E,-%+/;'5'+!*)5!,25()/%+!)4(245+!,-..2!
'()%(!12+!05/942+!'1'.2%()/52+!;4!+A+(8.2!+-1)/52!\!2>7>!_21125!2(!F2++2%7256!XO""G>!?2+!
PVF^6!;:4%2!()/112!;2!9421942+!,2%()/%2+!;2!%)%-.8(52+!E"OO`]OO!%.G6!+-%(!,-.*-+'+!
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;(<,.%! =>?RA>! B3! 0.()*(03+%! 2(FFD.%)*%! %)'.%! +%&! 2%,K! 03.'(%&! 2L,)! 0-()'! 2%! 9,%! 2%! +3!
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&,+F,.%&!:;(<,.%!=>?SA>!P%''%!2(FFD.%)*%!2L3G-)23)*%!2%!&,+F,.%&!%&'!*%.'3()%4%)'!.%+(D%!
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&153-)1/)! .)! 36&1')12&'7! .-! /#$-55$8)! ! 2-(! 3$!

')9'-()!)'!3$!/04%02&'&01:!

!

;044$&()!
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7/-..%8)! 1)! ,23''-D/)'! 7-&)'A! $%&'! *)! *+%,-./)! &23'! %((2&'! &23'! *2&*)&./)/! '3/! 1)'!
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&88&6-04'!7,/'!6&'!7.884*&/-&'!<(/&'E!K*4,5,)5&:&/-!,0B!4-07&'!&/!12L?!5,!6(:9('.-.(/!
:(M&//&!7&!6N,A0&!<(/&!,!4-4!74-&*:./4&!O!5=46N&55&!70!123E!!

!

!
!"#$%&'()*!P!J:,;&!123!&/!45&6-*(/'!*4-*(7.880'4'!(Q!'(/-!./7.A04&'!5&'!7.884*&/-&'!<(/&'!7=./-4*>-'!70!

6N(/7*&!4-07.4&'!7,/'!6&!6N,9.-*&E!R,/'!6N,60/&!7&!6&'!<(/&'!0/&!5,:&!DJ3!,!4-4!&B-*,.-&E!

!

!

()+),'%-./0121.'3'04-567007'8/'9&:'

!"#"$"%&'()*(+,-,(.&/0,),123&42&/0(.453&

%,!6(:9('.-.(/!6N.:.A0&!70!8*,;:&/-!7&!6N(/7*&?!,./'.!A0&!6&55&'!7&!7.884*&/-&'!<(/&'!
7=./-4*>-?!(/-!4-4!:&'0*4&'!9,*!123P2RSE!K(0*!6&5,?!950'.&0*'!<(/&'!7=&/+.*(/!"T!B!"T!
U:!(/-! 4-4! ,/,5M'4&'!7,/'! 5&'!7.884*&/-&'! <(/&'!7=./-4*>-! CD.;0*&!FEGH?! *4;.(/'!A0.!(/-!
8,.-! &/'0.-&! 5V()W&-! 7&! 9*45I+&:&/-'! 9,*! DJ3! 9(0*! 5&'! 4-07&'! &/! 12LE! %&'! ,/,5M'&'!
:(M&//&'!9(0*!6N,A0&!<(/&!'(/-!*&9(*-4&'!7,/'!5&!L,)5&,0!FE"E!%,!8.;0*&!FEX!9*4'&/-&!
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!

! "#$!

%&'!%()*('+,+(-'!)(.&--&'!/%01''2&'!*13!(343&!4&!5(01,+0+,2!%3(+''1-,&67!31**(3,2&'!8!01!

%()*('+,+(-! 9+! &,! -(3)10+'2&'! 8! 01! %()*('+,+(-! :;<! :&,,&! =+>?3&! )&,! &-! 25+4&-%&! 4&'!

513+1@+0+,2'!%A+)+B?&'!&-,3&!0&'!4+==23&-,&'!32>+(-'!4?!%A(-43&<!C&'!1@(-41-%&'!&-!D07!:1!

&,!E>!'(-,!%A(-43+,+B?&'7!&F%&*,2!*(?3!01!G(-&!-H"!(I!0&'!1@(-41-%&'!&-!D0!&,!:1!'(-,!

'?@J%A(-43+,+B?&'<!K(?3!0&!:37!0&!L1!&,!0&!L+7!(-!%(-',1,&!?-&!513+1@+0+,2!4&'!1@(-41-%&'!

'&0(-! 0&'! G(-&'! 2,?4+2&'<! C1! G(-&!-H#7! B?+! %(33&'*(-4! 8! 01! *13,+&! &-3+%A+&! &-! '?0=?3&'7!

)(-,3&! ?-! &-3+%A+''&)&-,! &-! M&! &,! 9! %()*132! 8! 01! %()*('+,+(-! :;<! N-! 3&51-%A&! '(-!

1@(-41-%&! &-! L+! &',! '?@J%A(-43+,+B?&<! CO1@(-41-%&! &-! M&! &',! %A(-43+,+B?&! *(?3! 0&'!

1?,3&'! G(-&'<! N-=+-! 01! G(-&! -HP! *32'&-,&! ?-&! %()*('+,+(-! %A(-43+,+B?&! *(?3! 0&'!

202)&-,'! 32=31%,1+3&'! /D07! :1! &,!E>6! &,! &',! &-3+%A+&! &-! :37!L+7! M&! &,! 9! *13! 31**(3,! 8! 01!

%()*('+,+(-!:;<!

!

!

!

    O Na Mg Al Si S Ca Cr Fe Ni 

Moyenne 54.53 0.00 10.92 0.27 16.27 1.25 0.06 - 16.66 0.04 

Zone 1 
1! (n=88) 2.60 0.00 2.21 0.54 1.67 2.89 0.20 - 2.43 0.24 

Moyenne 51.31 0.02 14.63 0.61 15.37 2.98 0.39 0.01 14.58 0.11 

Zone 2 
1! (n=60) 1.90 0.19 1.30 0.85 1.06 1.84 0.72 0.07 1.35 0.63 

Moyenne 52.82 1.19 11.69 1.95 16.86 2.82 0.73 0.03 11.72 0.19 

Zone 3 
1! (n=128) 4.22 0.95 1.96 0.87 2.13 3.83 0.82 0.18 3.46 0.38 

Moyenne 44.99 0.85 12.72 0.83 12.12 10.23 0.44 0.34 18.49 1.13 

Zone 4 
1! (n=19) 2.70 0.06 1.47 0.22 1.38 3.05 0.20 0.21 1.91 1.26 

Moyenne 52.88 0.76 15.55 1.29 16.23 1.44 0.77 0.19 10.71 0.18 
Zone 

interne 
1! (n=283) 2.57 0.81 2.59 0.83 1.60 2.05 0.93 0.57 2.59 0.66 

Moyenne 38.37 0.09 9.97 0.55 9.53 16.93 0.26 0.19 23.90 0.21 
Zone riche 
en sulfures 

1! (n=132) 6.36 0.37 2.49 0.92 2.31 6.40 0.42 1.16 5.17 0.95 

!"#$%"&'()*!J!:()*('+,+(-'!/1,Q6!4&'!G(-&'!4O+-,23R,!4?!%A(-43&!/M+>?3&!$<S6<!C&'!1-10.'&'!(-,!2,2!
&==&%,?2&'!*13!NT9!1?!ENU<!-!3&*32'&-,&!0&!-()@3&!4O1-10.'&'<!

!

!

!



!"##!

!
!
!
!

!
!"#$%&'()*!$!%&'()*(+,-!./.0,(1*23,-!4*156!3*77'31.,-!8!/*!+'07'-212'(!92!,1!('30*/2-.,-!7*3!3*77'31!8!
/*!+'07'-212'(!:;!7'<3!/,-!)2==.3,(1,-!>'(,-!)?2(1.3@1!)<!+A'()3,!4B2C<3,!DEF6E!G,-!./.0,(1-!-'(1!+/*--.-!
-,/'(!/,<3!),C3.!),!H'/*12/21.E!

!

!

!"#"$"$%&'()*+(',-./0%1-.2.34/0%

I'<-!*H'(-!,==,+1<.J!7*3!KLM$LN9J!),-!+*31'C3*7A2,-!+A202O<,-!AP7,30*7!4H'23!-,+12'(!

QEQERESE)6E!G*!=2C<3,!DE"T!0'(13,!<(,!20*C,!,(!+'(13*-1,!),!7A*-,-!*H,+!B,!,(!3'<C,J!I2!

,(!H,31!,1!9!,(!&/,<E!9<3!/?20*C,!/,!H2'/,1!+'33,-7'()!*<U!-</=<3,-!),!=,3!+'(1,(*(1!7,<!

'<!7*-!),!(2+V,/E!G,-!7A*-,-!0.1*//2O<,-!7*<H3,-!,(!I2!*77*3*2--,(1!,(!'3*(C,!,1!+,//,-!

32+A,-! ,(!I2! ,(! H,31E! :,! +'07'-21,! 7,30,1! ),! &2,(! 0,113,! ,(! .H2),(+,! 4+'00,! /,-!

20*C,-!M9L6!/*!>'(,!,(32+A2,!,(!-</=<3,-!4,(!H2'/,16E!:,-!-</=<3,-!),!=,3!(,!+'(12,((,(1!

7*-!'<!7,<!),!(2+V,/E!!
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!

! "#$!

!
!"#$%&'()*+!%!&'()*!*+!,-+./(0.*!1*!23(0*0!(4*,!5*!*+!/-6)*7!89!*+!4*/.!*.!:!*+!;<*6=!>*!49-<*.!,-//*02-+1!
(6?! 06<@6/*0! 1*! @*/! ,-+.*+(+.! 2*6! -6! 2(0! 1*! +9,A*<=! >B-/(+)*! *.! <*! 4*/.! ,-//*02-+1*+.! (6?! 23(0*0!
'C.(<<9D6*0!2(64/*0!*+!89!*.!/9,3*0!*+!897!/*02*,.94*'*+.=!!

!

E-''*!+-60! <F(4-+0!1CGH!'*+.9-++C!1(+0! <*0! ,3(29./*0!2/C,C1*+.07! <*0! ,3-+1/*0! 0-+.!

1*0! -;G*.0! 1-'9+C0! 2(/! 1*0! 09<9,(.*0! *.! 2<60! 2(/.9,6<9I/*'*+.! 2(/! <*0! -<949+*0! *.!

2J/-?I+*0=!E*0!1*6?!09<9,(.*0!2-00I1*+.!1*0!.*+*6/0!*+!:9!19@@C/*+.*07!(6?!(<*+.-6/0!1*!

"K! *.! 1*! LM! (.N! 2-6/! <F-<949+*! *.! <*! 2J/-?I+*7! /*02*,.94*'*+.=! >(! 'C0-0.(0*! 1*0!

,3-+1/*0!*0.!/9,3*!*+!O<7!E(7!P7!Q)7!5*!(9+09!D6*!1*!8(!R*=)=!S-+*07!"TTM7!"TTKU=!>(!@9)6/*!

V=""!2/C0*+.*!6+!,-'2-09.*!-W!<(!190./9;6.9-+!16!:9!*0.!*+!/-6)*7!,*<<*!16!E(!*+!4*/.!*.!

,*<<*!16!8(!*+!;<*6=!:6/!,*!,-'2-09.*!<*0!2J/-?I+*0!(22(/(900*+.!*+!G(6+*7! <*0!-<949+*0!

*+!;-/1*(6?!*.!<(!'C0-0.(0*!*+!/-0*=!E*..*!9'()*!2*/'*.!1*!'*../*!*+!C491*+,*!D6*!<*!

,3-+1/*!*0.!1-'9+C!2(/!<*0!-<949+*0!*.!D6*!<(!'C0-0.(0*!*0.!./I0!2*6!2/C0*+.*!R16!'-9+0!

H! <BC,3*<<*! 16!QXYU=! >*0! 2J/-?I+*0! ,-+.*+(+.! 16!E(! 0-+.! C)(<*'*+.! 2/C0*+.0!'(90! *+!

@(9;<*! (;-+1(+,*=! E-+./(9/*'*+.! (6?! ,3-+1/*0! 2-/23J/9D6*0! 1(+0! <*0D6*<0! <*0!

2J/-?I+*0! 0-+.! <-,(<90C0! 2/C@C/*+.9*<<*'*+.! *+! ;-/16/*! 1*! ,3-+1/*! R*=)=! P/-.! *.! (<=7!

LMMKZ! >9;-6/*<! *.! (<=7! LMM#U7! ,*6?%,9! 0-+.! /C2(/.90! 1*! @([-+! 3-'-)I+*! 1(+0! .-6.! <*!

,3-+1/*=!



!"#$!

!
!"#$%&' ()**! %! &'()*! +,'-,./0*! ,1! 2*! 3/! *.0! *4! 5,6)*7! 8(! *4! 9*50! *0! :(! *4! ;2*6<! 365! +*! +,'-,./0*! 2*.!
-=5,>?4*.!(--(5(/..*40!*4!@(64*7!2*.!,2/9/4*.!*4!;,5A*(6>!*0!2(!'B.,.0(.*!*4!5,.*<!C*!+D,4A5*!*.0!A,'/4B!
-(5!2E,2/9/4*!*0!2(!'B.,.0(.*!*.0!-*6!-5B.*40*<!!

!

!

()+)+'%,-./010-'2'/3,456//6'7.'8&9'

!"#"#"$%&'()*+,-.'/%/0%1-23-4'0'-(%5/4%,/(0',,/4%67-(/%$8%

C*.! 2*40/22*.7!F6/!+,55*.-,4A*40!G! 2(!H,4*!"!.65! 2(! I/)65*!J<$7!.,40!+,'-,.B*.!A*!)5(/4.!

4,4!A/.0/4)6(;2*.! K,6!A/II/+/2*'*40L! G! 2EB+D*22*!A6!MNO!*0! .,40! 2,+(2/.B*.!-5,+D*!A*! 2(!

-B5/-DB5/*!A6!+D,4A5*<!P4*!2('*!Q&O!(!B0B!*>05(/0*!A*!2E64*!A*!+*.!2*40/22*.<!3,4!B06A*!*4!

MNR! 4,6.! /4A/F6*! F6*! +*00*! H,4*! *.0! D,',)?4*! *4! 0(/22*! A*! )5(/4.7! +,'-,./0/,4! *0!

'/4B5(2,)/*!KQ/)65*!J<"S;L<!8*50(/4.!)5(/4.7!-26.!)5,.7!.,40!-5B.*40.!*4!;,5A65*!A*!2('*<!

8*6>%+/!.,40!A*.!.62I65*.!A*!I*5!+,40*4(40!',/4.!A*!"(0T!A*!:/<!

!

!
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!

! "#$!

!

!

!
!"#$%&'()*+!%!&'()!*+,(-./0-!(1"!234!5637)!89:!)(!.;)<-/'(=!/.-/'*,>>?=.=!,(*,@?3(-!;)!-/3<.!*)!;3!;36)!
A5:!B/.;)C.)!*3(=!<)--)!D'()E!2F4!5637)!GH98!*)!;3!;36)!A5:!B/.;)C.)!*3(=!?()!;)(-,;;)E!I+.<J3(-,;;'(!)=-!
J'6'7K()!)(!-3,;;)!*)!7/3,(=L!<'6B'=,-,'(!)-!6,(./3;'7,)E!I)=!7/'=!7/3,(=!)(!F'/*!*)!;36)!2)(!J3?-4!='(-!
*)=!=?;>?/)=!*)!>)/E!

!

!

I+.<J3(-,;;'(!)=-!<'6B'=.!63M'/,-3,/)6)(-!*)!7/3,(=!*+';,C,()!*)!-3,;;)!,(>./,)?/)!N!"OO!

(6!2A,7?/)!PE"Q!)-!PE"R4E!IS.B3,==)?/!*S?()!;36)!A5:!.-3(-!3?T!3;)(-'?/=!*)!"OO!(6L!,;!

)=-!*,>>,<,;)!*)!*.-)/6,()/!B/.<,=.6)(-! ;3! <'6B'=,-,'(! ,(*,C,*?);;)!*)=!7/3,(=! <3/! ;)?/!

-3,;;)! )=-! ,(>./,)?/)! N! ;S.B3,==)?/! *)! ;3! ;36)E! U3(=! <)! <3=L! ;)=! )>>)-=! *)! <'(C';?-,'(! *)!

BJ3=)=!='(-!,6B'/-3(-=!)-!*',C)(-!0-/)!B/,=!)(!<'6B-)E!V'?/!B3;;,)/!N!<)!B/'F;K6)!('?=!

3C'(=!)>>)<-?.!;S3(3;W=)!*)!B;?=,)?/=!D'()=!*+?()!=?/>3<)!*)!"OO!T!"OO!(6!N!*,>>./)(-=!

)(*/',-=!*)!;3!;36)!A5:!2A,7?/)!PE"P4E!I3!*,=-/,F?-,'(!*)=!<'6B'=,-,'(=!'F-)(?)=!N!;S3,*)!

*)!<)--)!6.-J'*';'7,)!*',-!B)/6)--/)!*)!=3C',/!=,!?()!BJ3=)!)=-!*'6,(3(-)E!!



!"#$!

!
!"#$%&'()*+!%!&'!()*+!*,"!+-.!/)*-.0.12+!3'4)50.'05+3+*.!6+!75'0*-!68)90:0*+!0*;250+15-!<!"$$!*3=!>3'7+!

?@A!+*!/B'3C!/9'05=!

!
!"#$%&'()*,!%!>3'7+!?@A!+*!/B'3C!/9'05!3)*.5'*.!D1+!/+..+!()*+!+-.!6)30*2+!C'5!9E)90:0*+!F)9G!D10!

HI'07*+H!6'*-!1*!'3)5CB+!FJ3G=!
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!

! "#"!

$%&'(! )&*+(!,+! -.! -./+!012!&*3! 434! .*.-5(4+(6! 7+8%(! 9&/:&('3'&*(!/&5+**+(! (&*3! 3%;(!

:%&9<+(!+3!(&*3!('384+(!+*3%+!9+--+(!,+(!:5%&=;*+(!+3!9+--+(!,+(!&-'>'*+(!?$.@-+.8!A6B!+3!

0'C8%+!A6"AD6!E+9'!:+83!F3%+!+=:-'G84!:.%!,+(!+HH+3(!,+!9&*>&-83'&*!+*3%+!-I&-'>'*+!+3!8*+!

:<.(+!./&%:<+! '*3+%(3'3'+--+! %'9<+!+*!J'! ?0'C8%+!A6"KD6!L*! 9+%3.'*(!+*,%&'3(M! 9+(!:-.C+(!

./&%:<+(! (&*3! :-8(! 43+*,8+(M! 9+! G8'! *&8(! &HH%+! -I&::&%38*'34! ,+! /+(8%+%! -+8%(!

9&/:&('3'&*(!(.*(!9&*>&-83'&*!.>+9!-+(!C%.'*(!9%'(3.--'*(!?0'C8%+!A6"ND6!E+(!9&/:&('3'&*(!

(&*3!%+:&%34+(!,.*(!-+!$.@-+.8!A6O!+3!'*,'G8+*3!G8+!-+!('-'9.3+!./&%:<+!+(3!%'9<+!+*!J'6!

E+9'!9&*H'%/+!G8+!-+(!.*.-5(+(!+HH+9384+(!,.*(!-+(!,'HH4%+*3+(!)&*+(!,+!-.!-./+!012!(&*3!

9&/:.3'@-+(! .>+9! -.! 9&*>&-83'&*! ,I&-'>'*+(! +3! ,I./&%:<+! %'9<+! +*! J'6! 7.! 9&/:&('3'&*!

/&5+**+!,+(!&-'>'*+(!.!,&*9!434!+(3'/4+!+*!9&%%'C+.*3!-+(!.*.-5(+(!,+!-P+=9;(!,+!J'!,Q!R!

-P./&%:<+!'*3+%(3'3'+-6!7.!0'C8%+!A6"#.!/&*3%+!-I<'(3&C%.//+!,+!,'(3%'@83'&*!0+STC!,+(!

&-'>'*+(!U9&%%'C4+(U6!7+(!&-'>'*+(!&*3!8*!9<./:!,+!9&/:&('3'&*!%+((+%%4!.--.*3!,+!0.AV!R!

0.NWM!.>+9!8*+!9&/:&('3'&*!/&5+**+!0.NA!?0'C8%+!A6"#.D6!

!

!

!
!"#$%&'()*(!S!X+:4%.C+!,+(!)&*+(!.*.-5(4+(!(8%!-.!-./+!012!+=3%.'3+!,+!-.!)&*+!*Y"!?R!C.89<+D6!7+(!

9&/:&('3'&*(!?.3ZD!(&*3!%+:&%34+(!(8%!8*!,'.C%.//+!3+%*.'%+!J'STCS0+!?R!,%&'3+D6!



!"#$!

   O Na Mg Al Si S K Ca Fe Ni 

Moyenne 59.63 0.80 7.25 0.89 15.41 0.31 0.05 0.11 15.19 0.07 
Zone 1 

1! (n=64) 1.33 0.34 1.20 0.33 1.05 0.25 0.02 0.09 1.56 0.04 

Moyenne 56.93 0.53 7.83 0.82 15.84 0.32 0.03 0.11 17.13 0.13 
Zone 2 

1! (n=38) 0.71 0.18 0.39 0.21 0.40 0.21 0.01 0.05 0.74 0.14 

Moyenne 56.79 1.58 8.26 1.00 16.63 0.42 0.09 0.36 14.41 0.12 
Zone 3 

1! (n=123) 1.80 1.11 1.77 0.46 1.34 0.34 0.07 0.52 2.57 0.11 

!"#$%"&'()*'+'%&'(&)*+*&,)!-.+/0!'&12,,2)!32)!3*44562,+2)!7&,2)!.,.81)52)!-9*:;62!<="<0=!>2)!
?&'(&)*+*&,)!&,+!5+5!&@+2,;2)!(.6!ABC!.;!DAE=!

!

!
,-.&/%'()01!F!%26+.*,2)!7&,2)!.'&6(G2)!.))27!5+2,3;2)!)&,+!(65)2,+2)!3.,)!8.!7&,2!,H"!3;!?G&,362!3&,+!

82)!?&'(&)*+*&,)!)&,+!62(&6+52)!3.,)!82!E.@82.;!<=I=!J'.:2)!DAE!2,!?G.'(!?8.*6=!

!

Spectres O Si Al K Na Ca Fe Mg Ti 

SPC- 30 62.52 25.16 2.51 0.07 2.67 0.30 4.42 2.35 0.00 

SPC- 31 61.54 23.38 1.89 0.29 2.22 0.58 6.84 3.23 0.02 

SPC- 32 60.29 20.31 2.03 0.22 1.41 0.35 11.80 3.53 0.07 

SPC- 96 63.01 25.55 3.13 0.21 2.13 0.38 4.58 0.93 0.07 

SPC- 97 61.25 21.83 2.84 0.14 1.37 0.27 8.69 3.59 0.01 

!"#$%"&'()2!F!%&'(&)*+*&,)!-.+/0!3;!)*8*?.+2!.'&6(G2!(65)2,+!3.,)!8.!7&,2!,H"=!
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!

! "#$!

%&'!()*+,'!*-&.!/,&!0*+11&!'/23)+&/)&!4!"55!,6!'7,0!3(*1&6&,0!2)3'&,0'8!%*,'!.&'!.*'914!

:&'!*,*1;'&'!27,.0/&11&'!'/)!.<*./,!:&!.&'!()*+,'=!'*,'!.7,-71/0+7,!*-&.!:>*/0)&'!2<*'&'!

&,-+)7,,*,0&'=!7,0!303!&??&.0/3&'8!@&'!*,*1;'&'!:&!.&'!A()7'A!()*+,'!+,:+B/&,0!B/C+1!'C*(+0!

:C71+-+,&'!D.7627'+0+7,!67;&,,&!E*F$G=!:&!2;)7HI,&'!2*/-)&'!&,!J*!D:76+,*,0'G!&0!:&!

2;)7HI,&'! )+.<&'!&,!J*! DE+(/)&!K8"#L=.G8! @&'!2;)7HI,&'!2*/-)&'!&,!J*! '7,0!3(*1&6&,0!

2*/-)&'!&,!E&!&0!7,0!/,&!.7627'+0+7,!67;&,,&!E'$=!0*,:+'!B/&!1&'!2;)7HI,&'!)+.<&'!&,!

J*!2)3'&,0&,0!/,!1*)(&!.<*62!:&!.7627'+0+7,=!4! 1>+,03)+&/)!:/!:76*+,&!:C+66+'.+L+1+03!

:&'!2;)7HI,&'!DE+(8!K8"#.G8!!

@&'!2&0+0'!()*+,'!:C71+-+,&!'7,0!:327/)-/'!:&!:3?*/0'!.)+'0*11+,'!0*,:+'!B/&!1&'!21/'!()7'!

()*+,'!:C71+-+,&'!.7,0+&,,&,0!:&'!:+'17.*0+7,'8!@&'!2;)7HI,&'=!B/*,0!4!&/H=!.7,0+&,,&,0!

:&'!:3?*/0'!21*,'!:*,'!D"55G8!

!

!
!"#$%&' ()*+! 9! D*G! M+'07()*66&! 67,0)*,0! 1*! .7627'+0+7,! :&'! 71+-+,&'! :&! 2&0+0&! 0*+11&=! .7))+(3&'! :&!
1C*67)2<&! +,0&)'0+0+&1! D-7+)! 0&H0&! 27/)! 1*! 630<7:717(+&!6+'&! &,!N/-)&GO! DLG! M+'07()*66&!67,0)*,0! 1*!
.7627'+0+7,!D*0PG!:&'!()*+,'!:C71+-+,&!&0!2;)7HI,&!B/+!27''I:&,0!/,&!21/'!()*,:&!0*+11&!:&!()*+,'!DQ!"55!
,6GO! D.G! R/*:)+1*0I)&! :&'! 2;)7HI,&'! 7S! '7,0! )&2)3'&,03&'! 1&'! *,*1;'&'! :&'! 2;)7HI,&'! )+.<&'! &,! J*8! T1'!
27''I:&,0!:&'!.7627'+0+7,'!B/+!'&!'+0/&,0!:*,'!1&!:76*+,&!:C+66+'.+L+1+03!:&'!2;)7HI,&'8!



!"#$!

!"#"#"$%&'()*+,-.'/%/0%1-23-4'0'-(%5/%,+%6-(/%$%

%&!'()*!+!,*!-&..-(/0*!12!/*)3-*!12!/0()1-*!.&-!-&..(-3!&24!5*)3655*,!732167*,!1&),!5&!

,*/36()!.-7/71*)3*!896:2-*!;<=><!?*33*!'()*!@!:-&6),!A6),B!C26!*,3!*)3(2-7*!1*!)(DE-*24!

,25A2-*,!8*)!E5&)/>B!/()36*)3!7:&5*D*)3!1*!)(DE-*24!:-&6),!1F(56G6)*!'()7,<!H*24!5&D*,!

9IJ! ()3! 737! .-75*G7*,! 1&),! /*33*! '()*B! 2)*! .-*D6K-*! 1&),! 5&! .&-36*! @! :-&6),! A6),! *3! 5&!

,*/()1*! @! 3-&G*-,! 1*,! :-&6),! 1L(56G6)*! .-7,*)3&)3! 2)*! '()&36()! /06D6C2*! G6,6E5*! @!

5L7/0*55*!12!MNJ!896:2-*!;<"=><!!

!
!"#$%&'()*+!!O()*!1F6)37-P3!)Q+<!H&),!/*33*!'()*!1*24!5&D*,!9IJ!()3!737!*43-&63*,B!5&!.-*D6K-*!89IJ">!
1&),!5&!.&-36*!@!:-&6),!A6),!*3!5&!,*/()1*!89IJ+>!@!3-&G*-,!1*,!:-&6),!1F(56G6)*!/06D6C2*D*)3!'()7,<!

!

%&! '()*! @! :-&6),! A6),! *,3! 1(D6)7*! .&-! 1*,! (56G6)*,! &23(D(-.0*,! 896:2-*! ;<"R><! %*,!

/()3&/3,!*)3-*! 5*,!:-&6),!,()3!)(DE-*24!*3!1&),!5&!D&S(-637!1*,!/&,!&2/2)!-7,612!)L*,3!

(E,*-G7!*)3-*! 5*,!:-&6),<!T)!(E,*-G*!.&-A(6,!1*,! S()/36(),!3-6.5*,!@!"+UQ!896:2-*!;<+U><!

H&),! 1F&23-*,! /&,B! 5*,! S(6)3,! 1*! :-&6),! /()36*))*)3! 2)! -7,612! &D(-.0*! .-7,*)3&)3! 1*,!

3-(2,! (2! E255*,! 896:2-*! ;<+U><! ?*526V/6! )L&! .&,! .2! P3-*! &)&5W,7! 12! A&63! 1*! ,&! A&6E5*!

7.&6,,*2-!*3!1*!,&!A(-3*!,*),6E65637!,(2,!5*!A&6,/*&2<!H*!5&-:*,!.5&:*,!1*!,656/&3*,!&D(-.0*!

,()3! 7:&5*D*)3! .-7,*)3*,<! ?*55*,V/6! /()36*))*)3! .&-A(6,! 1*! )(DE-*24! 3-(2,! (2! E255*,!

896:2-*!;<+"><! %*2-,! /(D.(,636(),! ,()3! -*.(-37*,!1&),! 5*!X&E5*&2!;<$<! ?(DD*!.(2-! 5&!

'()*!)Q"B!/*3!&D(-.0*!*,3!-6/0*!*)!Y6!*3!Z5<!
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!

! "#$!

!
!"#$%&'()*+!%!&'()*!*+!,-('.!,/(01!2*!/(!34+*!+567!4/8!4/090+*:!;*<8!=>/?>1*!2*!?*17!@*AA*!34+*!*=A!

24'0+B*!.(1!2*=!)1(0+=!2C4/090+*!(>A4'41.-*=7!

!
!"#$%&'(),-! %! &'()*=!*+!,-('.!,/(01!'4+A1(+A! /D(11(+)*'*+A!2*=!)1(0+=!2D4/090+*!2(+=!/(!34+*!+567!E(F!
'0=!G!.(1A!/*!=>/?>1*!2*!?*1!E;*<F!*+!H(=!2*!/D0'()*:!/D*+=*'H/*!2*=!)1(0+=!=4+A!2*=!4/090+*=!(>A4'41.-*=7!
I(+=! /(!'(J410AB! 2*=! ,(=! 0/! +DK! (! .(=! 2*! 1B=02>! ('41.-*! (>L! J40+A=! 2*! )1(0+=! *A! 4+! 4H=*19*! .(1?40=! 2*=!
J4+,A04+=!A10./*=!G!"6M5!EHF!()1(+20==*'*+A!2*!/(!34+*!=B/*,A04++B*!*+!(F7!I(+=!,*AA*!34+*!4+!4H=*19*!>+!
1B=02>!('41.-*!(>L!J40+A=!2*!)1(0+=!E.40+AB!.(1!/*=!?/N,-*=F7!!@*/>0%,0!.1B=*+A*!2*=!A14>=!4>!H>//*=7!



!"#$!

!
!"#$%&'()*+!%!&'()*+!,-.!*/!01('2!03(45!6*+!78/*+!69('8521*!25:+*/;*+!6(/+!3(!78/*!/<=!6>!018/65*?!
@9('8521*!08/;4*/;!6*!/8'A5*>B!;58>+!8>!A>33*+!C*/!)54+!03(45!%!A3(/0D?!

!

  O Si Al K Na Ca Fe Mg Ti 

SPC- 86 62.75 24.82 4.50 0.35 2.82 0.14 2.00 2.57 0.01 

SPC- 87 63.05 25.22 4.48 0.33 2.44 0.16 1.71 2.56 0.02 

SPC- 106 62.58 24.77 4.60 0.36 3.45 0.14 1.62 2.44 0.00 

SPC- 151 63.10 25.38 4.63 0.33 2.68 0.10 1.57 2.18 0.01 

,-./&-$'()0!%!E8'28+4;48/+!C(;FD!6*+!78/*+!('8521*+!25:+*/;*+!6(/+!3(!78/*!/<=!CG4)>5*!H?="D?!@*+!
08'28+4;48/+!8/;!:;:!8A;*/>*+!2(5!-IJ!(>!,-.?!

!

!

I(/+! 0*;;*! 78/*K! 0*5;(4/*+! 834L4/*+! (6M(0*/;*+! +*'A3*/;! '8/;5*5! 6*+! 5*3(;48/+!

69854*/;(;48/?! -/! *NN*;K! 3*! 08/;5(+;*! 6*! O5())! +*'A3*! +*! 25838/)*5! 6*! )5(4/! P! )5(4/!

CG4)>5*!H?==D?!Q/*!+:54*!6*!03401:+!6*!64NN5(0;48/!*/!(45*!+:3*0;48//:*!/8>+!(!2*5'4+!6*!

08/N45'*5!3R854*/;(;48/!08''>/*!CG4)>5*!H?==AD?!!
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!

! "##!

!

!
!"#$%&'()**'+',$%!&'$()!)*!+,$'-!+.$/0!'1*20$*2!-.34/)304!(0$/*4!561./7/*)!)*!0).$2/1*!5610/)*2$2/1*8!9)4!
:.;+,)4!-1/*2)*2!.)4!(0$/*4!561./7/*)!<3/!-144;5)*2!3*!+1*20$42)!5)!=0$((!4/'/.$/0)!>?%!/'$()!@ABC!5)!.$!
D1*)!+100)4-1*5$*2)8!9)!+)0+.)!430!+)22)!/'$()!0)-0E4)*2)!.$!D1*)!4E.)+2/1**E)!-$0!.)!5/$-,0$(')!.104!5)!
.$!5/::0$+2/1*!)*!)*!4E.)+2/1*!56$/0)8!9)!+./+,E!5)!5/::0$+2/1*!/*5/<3)!<3)!.)4!5/::E0)*24!(0$/*4!-144;5)*2!.$!
'F')!10/)*2$2/1*8!

!

9$! 2$/..)! 5)! (0$/*4! 5)4! 1./7/*)4! 5$*4! +)22)! D1*)! )42! 43-E0/)30)! G! .$! D1*)! "! >.)*2/..)4%H!

7$0/$*2!5)!IJ!G!"#JJ!*'!$7)+!3*)!'1K)**)!5)!LMM!*'!>N/(30)!I8LM%8!96,/421(0$'')!5)!

.$!2$/..)!5)!(0$/*4!'1*20)!<3)!.$!'$O10/2E!5)4!(0$/*4!-144;5)!3*)!2$/..)!+)*20E)!430!LJJ!

*'H! '$/4! <36/.! )P/42)! E($.)')*2! 3*)! -1-3.$2/1*! 5)! (0$/*4! +)*20E)! 430! IIJ! *'8! Q)22)!

2)*5$*+)! ?/R'15$.)! )42! E($.)')*2! )P-0/'E)! -$0! .$! 03-230)! 5)! -)*2)! G! SJJ! *'! 430! .)!

5/$(0$'')!5)4!:0E<3)*+)4!+3'3.E)4!>N/(30)!I8LM%8!Q)!'F')!5/$(0$'')!/*5/<3)!<3)!TJ!

U!5)4!(0$/*4!1*2!3*)!2$/..)!/*:E0/)30)!G!SJJ!*'8!



!"#$!

!
!"#$%&'()*+! %!&'()*(++,-!+./0*(/0! 1(!2'-0*'340'./!2,! 1(! 0('11,!2,!)*('/-!2(/-! 1(!5./,!/678!9(! 0('11,!2,!
)*('/-!+.:,//,!,-0!2,!7;;!!/+8!9(!2'-0*'340'./!,-0!3'+.2(1,!(<,=!4/!+.2,!2.+'/(/0!=,/0*>!?!7@@!/+!,0!
4/!(40*,!=,/0*>!?!AA@!/+8!B,00,!0,/2(/=,!3'+.2(1,!,-0!>)(1,+,/0!,CD*'+>,!D(*!1(!*4D04*,!2,!D,/0,!-4*!1,!
2'()*(++,!2,!E*>F4,/=,!=4+41>,!2,!1(!0('11,!2,!)*('/-!G2'()*(++,!2,!2*.'0,H8!

!

9,-! (/(1:-,-! I&J! +./0*,/0! F4,! 1,-! .1'<'/,-! D.--K2,/0! 4/! =L(+D! 2,! =.+D.-'0'./!
*,--,**>!,0!F4M,11,-!-./0!*'=L,-!,/!N,8!9(!=.+D.-'0'./!+.:,//,!,-0!N(OA!(<,=!4/!=L(+D!
2,! =.+D.-'0'./! -P>0,/2! 2,! N("#! ?! N(A@! GN')4*,! A87OH8! Q'! 1(! +(R.*'0>! 2,-! )*('/-! (! 4/,!
=.+D.-'0'./! 0*K-! *,--,**>,!(40.4*!2,!N(OAS! 2M(40*,-! )*('/-!D.--K2,/0!4/,! =.+D.-'0'./!
D14-!*'=L,!,/!T)!GN("#!?!N(;#H8!B,-!)*('/-!./0!4/,!0('11,!-4D>*',4*,!?!1(!+.:,//,!GU!A@@!
/+H!,0! =./0*('*,+,/0!(4C!D,0'0-!)*('/-S! '1-! =./0',//,/0!2,-!2>E(40-! =*'-0(11'/-!F4'! -./0!
D*'/='D(1,+,/0!2,-!2'-1.=(0'./-!GN')4*,!A87AH8!B,-!2'-1.=(0'./-!-./0!*,=0'1')/,-!-,1./!1(!
2'*,=0'./!,! ,0!D*>-,/0,/0!4/!<,=0,4*!2,!V4*),*!,8! W1! -P()'0!2./=!2,!2'-1.=(0'./-!<'-8!B,-!
)*('/-!./0!>)(1,+,/0!1(!D(*0'=41(*'0>!2P(<.'*!4/,!5./(0'./!=L'+'F4,!(<,=!4/!=X4*!*'=L,!
,/! T)! ,0! 4/,! 3.*24*,! *'=L,! ,/! N,8! &,-! )*('/-! -'+'1('*,-! ./0! >0>! .3-,*<>-! 2(/-! 1(!
2,4C'K+,! 1(+,! NWV! 2,! 1(! 5./,! 7! GN')4*,! A8"$H! ,0! 2,-! D*.E'1-! 2,! =.+D.-'0'./-! ./0! >0>!
*>(1'->-!-4*!=,-!)*('/-8!Q'!1P,/-,+31,!2,-!Y)*.-Y!)*('/-!*'=L,-!,/!T)!+./0*,!4/,!5./(0'./!
=L'+'F4,S!1,-!D*.E'1-!2,!=.+D.-'0'./!/,!-./0!D(-!'2,/0'F4,-8!I/!,EE,0S!=,*0('/-!D*>-,/0,/0!
?! 1,4*-!3.*24*,-!4/,!=.+D.-'0'./!D1(0,(4!F4'!,-0!D*.=L,!2,! 1(!=.+D.-'0'./!2,-!)*('/-!
2M.1'<'/,!*'=L,-!,/!N,!GN')4*,!A87ZH8!&P(40*,-!D*.E'1-!/,!+./0*,/0!D(-!=,00,!=.+D.-'0'./!
D1(0,(4!,/!3.*24*,8!9(!E.*+,!2,-!D*.E'1-!-,+31,!'/2'F4,*!F4,!1(!5./(0'./!(!D.4*!.*')'/,!
4/,! '/0,*2'EE4-'./!N,%T)8!9(!2'-0(/=,!2,!2'EE4-'./! -,! -'04,!,/0*,!"$@!,0!7A@!/+8!B,00,!
2'<,*-'0>!2,!2'-0(/=,!2,!2'EE4-'./!D,40!-P,CD1'F4,*!D(*!4/,!(/'-.0*.D',!2,!2'EE4-'./!2(/-!
1M.1'<'/,S!.4!D(*!2,-!,EE,0-!2,!=.4D,!F4'!D,4<,/0![0*,!'+D.*0(/0!D.4*!2,-!)*('/-!2,!E('31,!
0('11,8!!
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!

! "#$!

!

!

!

!
!"#$%&'()*+! %! &'()*+,-../!.*0),-0)! 1-! 2*.3*(')'*0! 45!6-7! 8/(! *1'9'0/(! 8/! 1-! :*0/! 0;<=! >/(! *1'9'0/(!
3,?(/0)/0)!@0!2A-.3!8/!2*.3*(')'*0!),B(!,/((/,,?C!-9/2!@0/!2*.3*(')'*0!.*D/00/!6-EF!4G!<7=!>/(!+,-'0(!

8H*1'9'0/!.*'0(!,'2A/(!/0!6-!(*0)!8/(!31@(!+,*(!+,-'0(!I@'!2*0)'/00/0)!8/(!8?J-@)(!2,'()-11'0(!46'+@,/!F=<F7=!

0!,/3,?(/0)/!1/!0*.K,/!8H-0-1D(/(=!

!

!

!

!

!
!"#$%&'()*(!%!L.-+/(!/0!2A-.3!21-',!.*0),-0)!1-!3,?(/02/!8/!8'(1*2-)'*0(!3*@,!1/(!31@(!+,*(!+,-'0(!

8H*1'9'0/=!L1!(H-+')!8/!8'(1*2-)'*0(!,!9'(=!!

!



!"#$!

!
!"#$%&'()*+','%&'!()*'!+,-'!+,./0'!12-)/3/0&!(,4'&05&05!1&'!6-0.5/-0'!78/9/:*&'!.3&7!*0!7;*,!,/78&!&0!
<+! &5! *0&! =-,1*,&! ,/78&! &0! >&?! @&'! 1&*A! (,-B/)'! 9-05,&05! ).! (,4'&07&! 1&! '*,7,-/''.07&! .3&7! *0&!
7-9(-'/5/-0! .3-/'/0.05! >.C$?! %.! 5./))&! 1&! ).! '*,7,-/''.07&! 3.,/&! 1&! D$$! E! F$$! 09! &5! )&'! 1/'5.07&'! 1&!
1/BB*'/-0!3.,/&05!1&!"#$!E!DF$!09!'&)-0!)&'!+,./0'?!



!"#$%&'()*+*,*)-./0*/01*2345/601*786-90::0;05-*<45/.1=!

!

! "#"!

$%&!'()*+,)(-./%&!'./0/12%&!+3*!-%)0/&!4%!0%**)%!%3!56/4%3'%!47(2*)%&!-.(&%&!%3!-82&!

9(/:8%!(:+34(3'%;!*%8&!12%!4%&!-<)+=>3%&;!4%&!&2892)%&!4%!9%)!12/!3%!'+3*/%33%3*!-(&!?+2!

*)>&! -%2@! 4%! 3/'A%8! ?B)+/8/*%;! C%D@! (/3&/! 12%! 4%&! -.(&%&! 05*(88/12%&! ?C%EF/;! (6%'!

*<-/12%0%3*!GH!(*I!4%!F/@J!K%&!'+0-+&/*/+3&!)%-)5&%3*(*/6%&!4%&!&2892)%&!%*!4%&!-.(&%&!

05*(88/12%&! &+3*! 4/&-+3/:8%&! 4(3&! 8%! B(:8%(2! GJGJ! $%&! -<)+=>3%&! 0+3*)%3*! 23!

%3)/'./&&%0%3*! %3! L(! -()! )(--+)*! (2=! -<)+=>3%&! 4%! 8(! M+3%! "! -+2)! 4%&! *%3%2)&!

/4%3*/12%&!%3!C%J!!

!

Sulfures O S Ti Cr Mn Fe Ni 

SPC- 7 0.00 49.42 0.02 0.05 0.00 50.50 0.02 

SPC- 10 0.00 49.16 0.00 0.00 0.00 50.81 0.03 

SPC- 28 0.00 51.01 0.00 0.02 0.00 48.96 0.01 

SPC- 37 0.00 49.80 0.00 0.02 0.00 50.15 0.02 

Métal               

SPC- 9 0.00 0.05 0.00 0.03 0.00 45.37 54.55 

SPC- 29 0.00 1.29 0.01 0.08 0.00 46.16 52.47 

SPC- 44 0.00 0.28 0.01 0.03 0.00 45.19 54.50 

SPC- 95 0.00 0.20 0.01 0.05 0.00 46.02 53.72 

!"#$%"&'()('*'L+0-+&/*/+3&!?(*I@!)%-)5&%3*(*/6%&!4%&!&2892)%&!%*!4%&!-.(&%&!05*(88/12%&!4%!8(!M+3%!3NOJ!
$%&!&2892)%&!3%!'+3*/%33%3*!-(&!?+2!*)>&!-%2@!4%!3/'A%8;!/8!&7(,/*!4%!B)+/8/*%!?C%D@J!$%!05*(8!%&*!058(3,%!GHE
GH!4%!C%!%*!4%!F/!?B(%3/*%@J!

!

!
$%&!'()*+,)(-./%&!'./0/12%&!0+3*)%3*!5,(8%0%3*!8(!-)5&%3'%!4%!-.(&%&!)/'.%&!%3!P8!%*!

L)!?C/,2)%!GJOQ@J!L%&!-.(&%&!&+3*!+:&%)65%&!&+2&! 9+)0%!4%!,)(/3&! /34/6/42%8&!%3*)%! 8%&!

,)(/3&!47+8/6/3%!(6%'!23%!*(/88%!6()/(3*!4%!H;"!R!"S0J!$%&!(3(8<&%&!4%!'%&!-.(&%&!)/'.%&!%3!

L)! /34/12%3*! 4%&! *%3%2)&!0+<%33%&! 4%! OO;G! (*I!-+2)! 8%! L)! %*! 4%! "#! (*I!-+2)! 8%! C%)!

?B(:8%(2! GJT@J! L%&! '+0-+&/*/+3&! 3%! &+3*! -(&! '+0-(*/:8%&! (6%'! 8(! &*U'./+05*)/%! 4%! 8(!

'.)+0/*%! !"#$%"&' !()!*! ' VC%OWL)OXYZ! %*! &%0:8%! /34/12%)! 8(! -)5&%3'%! 4%! C%[WJ! $(!

'+0-+&/*/+3!4%&!-.(&%&!)/'.%&!%3!P8!%&*!5,(8%0%3*!)%-+)*5%!4(3&!8%!B(:8%(2!GJTJ!D/!+3!&%!

)59>)%!R!8(!&*U'./+05*)/%!4%!'%&!-.(&%&!)/'.%&!%3!P8!%*!\,;!%88%!3]%&*!-(&!58+/,35%!4%!8(!

'+0-+&/*/+3!\,P8OXY!?&-/3%88%@J!B+2*%9+/&;!8(!9(/:8%!*%3%2)!%3!P8!%*!8(!9+)*%!*%3%2)!%3!C%!

&%0:8%3*! /34/12%);! *+2*! '+00%!-+2)! 8%&! '.)+0/*%&;! 8(!-)5&%3'%!4%!C%OW4%!C%[W! &2)! 8%&!



!"#$!

%&'(%! )*'+,-.&/0(%! ('! ','.+,-.&/0(%! -0! %1&2(33(4! 5(%! +2+36%(%! %0778.(2'! -)2*! 02(!

%)30'&)2! %)3&-(! (2'.(! 3(! %1&2(33(! !"#$%"&' !()!*! 9:7;3$<=>?! 3@A(.*62&'(! 9B($C;3$<=>! ('! 3+!

D+72,%&)*A.)D&'(!9:7E5.?;3?B(F$<=>!EG+H3(+0!I4JF4!!

!

!
!"#$%&'()*+',';!*(.'+&2%!(2-.)&'%!-(! 3+!K)2(!2L$!)2!.(D+./0(!3+!1.,%(2*(!-(!1A+%(%!.&*A(%!(2!5.!+&2%&!
/0(! -(! 1A+%(%! .&*A(%! (2! ;34! M@&D+7(! NGO:! E(2! A+0'! P! 7+0*A(F! .(18.(! 3+! K)2(! /0&! +! ,',! *+.')7.+1A&,(!
*A&D&/0(D(2'4!M(%!*)D1)%&'&)2%!-(!*(%!1A+%(%!.&*A(%!(2!5.!('!(2!;3!%)2'!.(1).',(%!-+2%!3(!G+H3(+0!I4J4!

'

'

Spinelle O Mg Al Ti Cr Fe 

SPC-1 57.39 8.39 22.80 - 1.72 9.70 

SPC-3 56.38 11.28 20.14 - 0.42 11.78 

SPC-5 57.11 7.71 20.04 - 3.37 11.77 

SPC-6 56.58 6.69 20.78 - 0.54 15.42 

Chromite             

SPC- 121 57.6 - - 1.32 22.48 18.6 

SPC- 124 57.81 - - 1.45 22.53 18.21 

SPC- 126 57.8 - - 1.33 23.24 17.63 

-./0&.$'()1','5)D1)%&'&)2%!E+'QF!-(%!1A+%(%!.&*A(%!(2!;3!('!5.!-(! 3+!K)2(!2L$!EB&70.(!I4$RF4!N&!)2!%(!
.,S8.(! P! 3+! %'T*A&)D,'.&(! -(%! +2+36%(%! &3! %(DH3(.+&'! /0(! *(%! 1A+%(%! .&*A(%! (2!;3! %)2'! 02! &2'(.D,-&+&.(!
(2'.(!3(!%1&2(33(!!"#$%"&'!()!*!9:7;3$<=>?!3@A(.*62&'(!9B($C;3$<=>!('!3+!D+72,%&)*A.)D&'(!9:7E5.?;3?B(F$<=>4!

!
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!

! "#$!

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

%! &'()*+&&+! ,-! ./01! +2! -34&45623! &+5! (&+)37825! 7(378,499-5(51! &6! :82+! $! ;7(5+23+! -2!

)8237653+!<8=+2!;&-5!58<>7+!?-+!&+5!:82+5!(3-,4(+5!;7()(,+<<+23!@A4B-7+!CD#!+3!CDE#FD!

G+33+!:82+!+53!)825343-(+!,H6&3+7262)+!,+!;+3435!@I!"!J<F!+3!,+!B785!B76425!@K!"!J<F!,+!

54&4)63+51!,+!<(36-L!+3!5-&9-7+5!@>&62)!+3!B745F!64254!?-+!,+!:82+5! 37M5!58<>7+5!@A4B-7+!

CDE#FD!G+5!,+724M7+5!;+-N+23!7+;7(5+23+7!,+5!:82+5!,+!964>&+!,+2543(!8-!,+5!:82+5!O!9873+!

;878543(D! P+5! ;&-5! B785! B76425! @K! "! J<F! ,+! 54&4)63+5! 5823! ,+5! 8&4N42+5! +3! )+&&+5Q)4!

;7(5+23+23!-2+!:8263482!)*4<4?-+!N454>&+!O!&H()*+&&+!,-!./0D!

!

!
!"#$%&'()*+','R<6B+5!./0!+2!(&+)37825!7(378,499-5(5!,+!&6!:82+!2S$!@6F!&+!)8237653+!<8=+2!,+!)+33+!:82+!
+53!655+:!58<>7+!@>F!6B762,455+<+23!,+!&6!:82+!7+;(7(+!+2!6FD!G+33+!:82+!+53!)8<;85(+!,H6&3+7262)+5!,+!

;+3435!+3!B785!B76425!,+!54&4)63+51!,+!5-&9-7+5!@B745F!+3!<(36&!@>&62)FD!P+5!;&-5!B785!B76425!5823!,+5!8&4N42+5!

?-4!;7(5+23+23!-2+!:8263482!)*4<4?-+!N454>&+!O!&H()*+&&+!,-!./0D!

!

!

T2+! &6<+!AR0!6! (3(! +L37643+!,+! )+33+! :82+!+3! &+! 376)(! 6! (3(! )*8454! ,+!<624M7+! O! )+!?-+!

)+&&+Q)4!;655+!O!376N+75!&+5!:82+5!,+!;+3435!B764251!&+5!:82+5!58<>7+5!64254!?-+!&+5!B76425!

:82(5! @A4B-7+!CDEUFD!PH4<6B+!VW/.!,+! &6! &6<+!AR0!<8237+! &6!;7(5+2)+!,+!28<>7+-5+5!

:82+5!6<87;*+5!6-!)8237653+!)&647!@964>&+!,+2543(F1!?-4!,84N+23!X37+!7+&4(+5!6-L!:82+5!,+!

)8237653+!58<>7+!8>5+7N(+5!5-7!&+5!4<6B+5!./0!+2!(&+)37825!7(378,499-5(5D!!



!"#$!

!
!"#$%&'()*+!%!&'(!)*'+,!-./!,0!12,345607!5145689::;717!*6045'04!2,!45'31!8,!2'!2'*,!<)/!,=45'94,!8'07!2'!
>60,! 0?@A! B,2;9C39! D'77,! E! 45'F,57! 2,7! >60,7! 8,! D,4947! +5'907G! 8,7! >60,7! ';! 36045'74,! 76*H5,! '9079! I;JE!
45'F,57! 8,7! +5'907! 8J629F90,! >6017! &H(! )*'+,! KL.-! 8,! 2'! 2'*,! <)/A! M,7! >60,7! 32'95,7! 7604! 8;! 79293'4,!
'*65DN,!&O*(!I;9!8694!P45,!5,291!';=!>60,7!76*H5,7!8,7!9*'+,7!-./!,0!12,345607!5145689::;717A!

!

!

MJ14;8,!,0!-.L!9089I;,!I;,!3,44,!>60,!,74!86*901,!D'5!8,7!629F90,7!7;HC';46*65DN,7!E!

';46*65DN,7!'9079!I;,!D'5!8,! 2'5+,7!D2'+,7!8,! 79293'4,!'*65DN,! &<9+;5,!QA@R!,4!QA@"(A!

S'07! 2'!*'T65941!8,7! 3'7G! 2,7! T69047!8,! +5'907! ,045,! 2,7! 629F90,7!0,! 7604!D'7!D'5:'947! ,4!

36049,00,04!;0!51798;!'*65DN,!&<9+;5,!QA@"(A!B,2;9C39!0J'!D'7!D;!P45,!'0'2U71!8;!:'94!8,!

7'! :'9H2,! 1D'977,;5! ,4! 8,! 7'! :654,! 7,079H92941! 76;7! 2,! :'973,';A! M,! 79293'4,! '*65DN,!

D517,04,!89::15,047!'7D,347!&<9+;5,!QA@V(A!S'07!3,54'907!3'7! 92!,74! 2977,!,4!8'07!8J';45,7!

3'7! 92! 36049,04! 8,! 06*H5,;=! 456;7! 6;! H;22,7! 8,! 4'922,7! 0'06*1459I;,7A! O! 3,54'907!

,0856947G!2'!*65DN626+9,!4,08!E!8,F,095!:9H5,;7,G!3,!I;9!7;++W5,!;0!,::,4!8,!2X'2415'4960!

'I;,;7,A! Y6;5! ';4'04! 92! 0XU! '! ';3;0,! 89::15,03,! 8,! 36*D67949607! ,045,! 3,7! >60,7!

8J'*65DN,!*65DN626+9I;,*,04!89::15,04,7!&L'H2,';!QAZ(A!!B,4!'*65DN,!,74!593N,!,0!K9!,4!

,0!O2A!!
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!

! "#$!

!
!"#$%&'()*+!%!&'()*!+,-!*.!/0('1!/2(34!5*!2(!67.*!.89:!;*<<*!67.*!*=<!57'3.>*!1(4!5*=!723?3.*=!@72A!=BC%
(B<7'7410*=!D!(B<7'7410*=!(3.=3!EB*!1(4!5*! 2(4)*=!12()*=!5*! =323/(<*!('7410*! @F'A:!G(!67.*!/7.<3*.<!
>)(2*'*.<!5*=!=B2HB4*=!5*!H*4!@I*JA!*<!5B!'><(2:!!

!
!"#$%&' ()*,' -' K(.=! /*<<*! 67.*! .89L! 2*=! M73.<=! 5*! )4(3.=! *.<4*! 2*=! 723?3.*=! .*! =7.<! 1(=! 1(4H(3<=! *<!
/7.<3*..*.<!B.!4>=35B!('7410*:!N.!.7<*!>)(2*'*.<!EB*!/*<!('7410*!/7.<3*.<!5*!<4O=!.7'C4*BP!<47B=!7B!
CB22*=!5*!<(322*!.(.7'><43EB*:!F'L!('7410*Q!72L!723?3.*:!



!"#$!

!
!"#$%&'()*+!%!&'(!)*+,-'.('(!/012'(!341+*-/5'!/-6(')7')7!31)(!01!8*)'!)9:!)4*)7!/1(!7*.7'(!0'!+;+'!
1(/'<7=! 1>! '7! ,>! 8*)'(! 341+*-/5'(!/-6(')71)7! .)! 1(/'<7! 0?(('=! <>! '7! 3>! 8*)'(! 341+*-/5'(!/-6(')71)7! 3'!
)*+,-'.@! 7-*.(!*.!,.00'(A! &'(!1)10B('(! <5?+?C.'(!3'! <'(!3?DD6-')7'(! 8*)'(! ?)3?C.')7!3'(! <*+/*(?7?*)(!
7-E(!('+,01,0'(!FG1,0'1.!HAI>A!

!

!

Amorphe "lisse" O Si Al K Na Ca Fe Mg Ti 

Moyenne 62.79 24.40 4.30 0.23 1.54 1.04 2.42 3.04 0.01 

1! (n=14) 0.65 0.66 0.35 0.04 0.59 0.71 0.28 0.36 0.01 

Amorphe transformé                   

Moyenne 62.76 24.27 4.80 0.24 1.42 1.49 1.91 2.76 0.01 

1! (n=7) 0.34 0.46 0.71 0.04 0.70 0.55 0.49 0.87 0.00 

,-./&-$'()0'1'J*+/*(?7?*)(!F17K>!3.!(?0?<17'!1+*-/5'A!L)!<*)(717'!C.'!0'(!<*+/*(?7?*)(!3'(!1+*-/5'(!
M0?(('(M!*.!M,.006(M! (*)7! 7-E(!<*+/1-1,0'(A!J'(!3'.@! 7B/'(!341+*-/5'!(*)7!')-?<5?(!')!N?!'7!O0A!P*))6'(!
*,7').'(!/1-!QPR!1.!SQGA!

!
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!

! "#$!

%&!'&())*!+*!,-&(./!+*/!0)(1(.*/!1&-(*!+*!23!4!"533!.67!&1*8!9.*!1&)*9-!60:*..*!+*!;;5!

.6!<=(,9-*!5>??@>!%AB(/'0,-&66*!+*/!C-DE9*.8*/!8969)D*/!(.+(E9*!E9*!F3G!+*/!,-&(./!

0.'!9.*! '&())*!+*!,-&(./! (.CD-(*9-*!4!;53!.6!<=(,9-*!5>??@>!%*/!0)(1(.*/!/0.'!+0.8!H)9/!

H*'('*/! E9*! 8*))*/! +*! )&! I0.*! .J;! *'! .*! 60.'-*.'! H&/! +*! '*.+&.8*! +K9.*! +(/'-(L9'(0.!

L(60+&)*>!!

!

!
!"#$%&'()**!M!N(&,-&66*/!60.'-&.'!)&!+(/'-(L9'(0.!+*!)&!'&())*!+*!,-&(./!+&./!)&!I0.*!.J?>!%AB(/'0,-&66*!
+*! )&! +(/'-(L9'(0.! +*! )&! '&())*! +*! ,-&(./! <4! ,&98B*@!60.'-*! 9.*! '*.+&.8*! 9.(60+&)*! &1*8! 9.*! '&())*! +*!
,-&(./!60:*..*!+*!;;5!.6>!%&!809-L*!+*!C-DE9*.8*!8969)D*!<4!+-0('*@!(.+(E9*!E9*!F3G!+*/!,-&(./!0.'!
9.*!'&())*!(.CD-(*9-*!4!;53!.6>!

!

!

%*/! 0)(1(.*/! H0//O+*.'! 9.! 8B&6H! +*! 806H0/('(0.! -*//*--D7! &1*8! 9.*! 806H0/('(0.!

60:*..*! =&?#! *'! 8B&6H! +*! 806H0/('(0.! E9(! /AD'*.+! +*! =&;3! 4! =&25! <=(,9-*! 5>?2@>! P*/!

'*.*9-/!*.!=&!/0.'!(.CD-(*9-*/!&9Q!1&)*9-/!60:*..*/!+*/!I0.*/!"!<=&R?@!*'!;!<=&25@>!S(!)&!

6&T0-('D!<UF3G@!+*/!,-&(./!+A0)(1(.*!0.'!9.*!806H0/('(0.!'-O/!-*//*--D*!&9'09-!+*!=&237!

+A&9'-*/!,-&(./!H0//O+*.'!9.*!806H0/('(0.!H)9/!-(8B*!*.!V,!<=&;3!4!=&?3@>!W09'!8066*!

H09-! )&! I0.*! ;7! 8*/! ,-&(./! 0.'! 9.*! '&())*! /9HD-(*9-*! 4! )&! 60:*..*! <U533.6@! *'!!

80.'(*..*.'! D,&)*6*.'! +*/! +(/)08&'(0./>! X.! -*1&.8B*7! 80.'-&(-*6*.'! 4! )&! I0.*! ;7! 8*/!

,-&(./!.*!/0.'!H&/!'09/!8B(6(E9*6*.'!I0.D/!<=(,9-*!5>?5@>!%*/!,-&(./!E9(!60.'-*.'!9.*!

I0.&'(0.! 8B(6(E9*! H0//O+*.'! 9.! 8Y9-! -(8B*! *.! V,! *'! 9.*! L0-+9-*! -(8B*! *.! =*>!

P0.'-&(-*6*.'! 4! 8*-'&(./! ,-&(./! +*! )&! I0.*! .J;7! .09/! .A&10./! H&/! 0L/*-1D! +*!

806H0/('(0.!H)&'*&9!4!)*9-/!L0-+9-*/>!%&!+(/'&.8*!+*!+(CC9/(0.!*/'!/(6()&(-*!4!)&!I0.*!;!*'!

1&-(*!+*!;33!4!;53!.6>!



!"##!

!
!"#$%&' ()*+! $! %&'()*+,--.!-)/(+,/(! 0,! 1)-2)'&(&)/! 345,6! 7.'! )0&8&/.'! 7.! 0,! 9)/.! /:;<! =.'! )0&8&/.'!
2+>'./(./(! ?/! 1@,-2! 7.! 1)-2)'&(&)/! (+A'! +.''.++>B! ,8.1! ?/.! 1)-2)'&(&)/! -)C.//.! 5,;#<! =.'! *+,&/'!
7D)0&8&/.!-)&/'!+&1@.'!./!5,!')/(!7.'!20?'!*+)'!*+,&/'!E?&!1)/(&.//./(!7.'!7>F,?('!1+&'(,00&/'<!/!+.2+>'./(.!
0.!/)-G+.!7D,/,0C'.'<!

!

!
!"#$%&'()*(' ,'=.'! 20?'! *+)'! *+,&/'! 7D)0&8&/.! 1)/(&.//./(! 'C'(>-,(&E?.-./(! 7.'! 7>F,?('! 1+&'(,00&/'<! H/!
+.8,/1@.! &0'! /.! -)/(+./(! 2,'! ()?'! ?/.! 9)/,(&)/! 1@&-&E?.<! I! *,?1@.B! 1.! *+,&/! 7D)0&8&/.! -)/(+.! ?/.!
9)/,(&)/! 1@&-&E?.! ,8.1! ?/! 1J?+! +&1@.! ./!K*! 35,LL6B! ?/.! G)+7?+.! +&1@.! ./! 5.! 35,;M6! .(! ?/.! 9)/,(&)/!
1@&-&E?.!E?&!'N>(./7!'?+!./8&+)/!LOP!/-<!I!7+)&(.B!1.!*+,&/!/.!-)/(+.!2,'!7.!9)/,(&)/!1@&-&E?.!-,0*+>!',!
1)-2)'&(&)/!-)&/'!+&1@.!./!5,!35,LM6!E?.!0D./'.-G0.!7.'!,?(+.'!)0&8&/.'!35&*?+.!O<;Q6<!
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!

! "#$!

%&'()*+,! -.',+,! +/! -0(,! 1'230+! '34/5'/6+! ,4/)! 78'0+9+/)! -*7,+/)+,! )+0,! :(+! 5+,!

-;*4<=/+,>! 5+,! ,(01(*+,! '2/,2! :(+! 5+,! -.',+,! 97)'002:(+,! ?@+AB2CD! E'! -0(-'*)! 5+,!

-;*4<=/+,! ,4/)! *26.+,! +/! F'>! 'G+6! (/+! 649-4,2)24/! 94;+//+! H4IJK/LJ@,"MD! F+,!

649-4,2)24/,!,4/)!+/!94;+//+!-0(,!*26.+,!+/!F'!-'*!*'--4*)!'(<!-;*4<=/+,!5+,!N4/+,!"!

+)! O! ?@28(*+! PDIMCD! Q4(*! 0+,! ,(01(*+,! +)! 0+,! -.',+,! 97)'002:(+,>! 5+,! 649-4,2)24/,!

*+-*7,+/)')2G+,! ,4/)! *+-4*)7+,! 5'/,! 0+! )'30+'(! PD#D! F499+! -4(*! 0+,! N4/+,! "! +)! O>! 0+,!

,(01(*+,!/+! 64/)2+//+/)!-',!5+!B2>! 20! ,&'82)!5&(/!970'/8+!PRSPR!5+!@+!+)! TD! U0! +/!G'!5+!

9V9+!-4(*!0+!97)'0!:(2!+,)!649-4,7!5&(/!970'/8+!PRSPR!5+!@+!+)!B2!?W'30+'(!PD#CD!

!

!

!

!
!"#$%&'()*+! A!X('5*20')=*+!5+,!-;*4<=/+,!4Y!,4/)!*+-*7,+/)7,! 0+,! 2,4).+*9+,!5712/2,,'/)! 0+,!549'2/+,!
5&2992,623202)7! 5(! -;*4<=/+! ,+04/! 0'! )+9-7*')(*+! +)! 0'! 649-4,2)24/! ?5&'-*=,! E2/5,+;>! "$#ICD! Q'*92! 0+,!
62/:! -;*4<=/+,! 046'02,7,! 5'/,! 0'! N4/+! /ZI>! :(')*+! 4/)! (/+! 649-4,2)24/! *26.+! +/! F'! ?+/! 30+(CD! F+,!
-;*4<=/+,!*26.+,!+/!F'!,4/)!-0(,!*26.+,!+/!F'!:(+! 0+,!-;*4<=/+,!5+,!N4/+,!/Z"!+)!O!?*+,-+6)2G+9+/)!+/!
/42*!+)!*4(8+CD!

!

!

!

!

!



!"#$!

Sulfure O S Ti Cr Fe Ni 

Spc34 0.00 48.43 0.00 0.08 51.40 0.09 

Spc87 0.00 48.81 0.05 0.15 51.00 0.00 

Spc88 0.00 51.09 0.00 0.00 48.91 0.00 

Métal             

Spc23 0.00 0.21 0.04 0.00 45.48 54.28 

Spc32 0.00 0.29 0.06 0.00 48.59 51.06 

Spc82 0.00 0.00 0.00 0.09 48.96 50.95 

!"#$%"&'()*!%!&'()'*+,+'-*!./,01!23)24*3-,/,+53*!63*!*789723*!3,!):/*3*!(4,/88+;73*!63!8/!<'-3!-=>?!&3*!
/-/8@*3*!('-,23-,! ;73! 83*! *789723*! -3! A'-,+3--3-,! )/*! 63!B+! .C2'+8+,31! 3,! ;73! 83!(4,/8! 3*,! 7-!(48/-D3!
E$FE$!63!G3!3,!B+!.C/3-+,31?!H3*!A'()'*+,+'-*!'-,!4,4!(3*7243*!)/2!IJK!/7!LIC?!

!

!

&3,,3!<'-3!-=>!A'-,+3-,!4D/83(3-,!63*!A:2'(+,3*!MG3NO&2NPQR!3,!63*!*)+-3883*!MLDS8NPQR?!

&'((3!)'72!8/!<'-3!-=NT!+8!@!7-!3UAV*!63!932!)/2!2/))'2,!W!8/!*,XA:+'(4,2+3!,:4'2+;73T!

*7DD42/-,! 8/!)24*3-A3!63!G3>O?!H3*!A'()'*+,+'-*!63!A3*!*)+-3883*!*'-,!6'--43*!6/-*! 83!

,/Y83/7!E?#?!!

!

Spinelle O Mg Al Ti Cr Fe 

SPC-2 57.30 11.29 19.37 - - 12.13 

SPC-8 57.47 13.01 17.78 - - 11.97 

SPC-13 57.26 15.45 15.18 - - 12.83 

SPC-24 57.16 15.09 14.79 - - 13.66 

Chromite             

SPC- 15 57.13 - - 1.02 26.50 15.33 

SPC- 18 57.02 - - 1.05 25.96 15.80 

!"#$%"&' ()+! %! &'()'*+,+'-*! ./,01! 23)24*3-,/,+53*! 63*! ):/*3*! 2+A:3*! 3-! S8! 3,! &2! 63! 8/! <'-3! -=>?! H/!
*,XA:+'(4,2+3!-'7*!+-6+;73!;7Z+8!*Z/D+,!63!*)+-3883!3,!63!A:2'(+,3?!H3*!A'()'*+,+'-*!'-,!4,4!'Y,3-73*!)/2!
IJK!/7!LIC?!

!

!
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!

! "#"!

!"#"#"$%&'()*+,-.'/%/0%1-23-4'0'-(%5/%,+%6-(/%$%

$%! &'()! *! )+,! -'./(0)! 1%2! 3(! .04%(5)! -)! +34632)+! ),! -)! +/4/7%,)+! 89/532)! :;<=>;! $)+!

+34632)+!+).?4)(,!6'2.)2!3(!20+)%3!/(,)27'(()7,0!),!)(,'32)(,!4)+!+/4/7%,)+;!@(!2),2'3A)!

05%4).)(,!-)+!52%/(+!-B'4/A/()!-)!-/6602)(,)+!,%/44)+C!%A)7!1'32!4)+!143+!52'+!4%!120+)(7)!

-D3()!&'(%,/'(!7E/./F3)!A/+/?4)!G!4D07E)44)!-3!HIJ;!K()!4%.)!9LJ!%!0,0!)M,2%/,)!-)!7),,)!

&'()! ),! 4D/.%5)! NOIH! -)! 7)44)P7/! .'(,2)! F3D)44)! )+,! -'./(0)! 1%2! -)+! +34632)+! ),! -)+!

+/4/7%,)+!72/+,%44/(+C!,2Q+!.%R'2/,%/2).)(,!-)!4B'4/A/()!89/532)!:;<=?>;!

!

!
!"#$%&'()*+','S'()!-B/(,02T,!(U*!8%>!L.%5)!HIJ!)(!04)7,2'(+!20,2'-/663+0+;!V),,)!&'()!)+,!-'./(0)!1%2!
4)+!+34632)+!8?4%(7>!%/(+/!F3)!1%2!-)!4B'4/A/()!852/+>;!$)+!143+!52'+!52%/(+!+'(,!+'3A)(,!&'(0+!7E/./F3).)(,!
%A)7!3(!7W32!2/7E)!)(!H5!),!3()!7'32'(()!)(2/7E/)!)(!9);!$)+!+34632)+!6'2.)(,!3(!20+)%3!)(!)(,'32%(,!4)+!
+/4/7%,)+;! $)! ,2%/,! /(-/F3)! 4)! ,2%70! -)! 4%! 4%.)! 9LJ! )M,2%/,)X! 8?>! /.%5)! NOIH! -)! 4%! 4%.)! 9LJ;! V)44)P7/! )+,!
-'./(0)!1%2!-)+!+34632)+!-)!6)2!89)N>!),!-)+!+/4/7%,)+!72/+,%44/(+;!

!

!

!



!"#$!

%&'! ()'&*+,-.(/'! &/! 012! ./3.45&/-! 45&! 6&--&! 7(/&! &'-! 3(8./9&! :,*! 3&'! (;.+./&'!

,5-(8(*:<&'!&-!3&'!'5;=5*&'!3&!=&*!>?.@5*&!ABCDEB!%&'!F(./-'!3&!@*,./'!&/-*&!(;.+./&'!'(/-!

45,'.! :,*=,.-'! &-! ! /&! 6(/-.&//&/-! :,'! 3&! *9'.35! ,8(*:<&! >?.@5*&! ABC#EB! G,/'! 3&!

/(8)*&5H! 6,'! (/! ()'&*+&! 3&'! F(/6-.(/'! -*.:;&'! I! "$JK! &/-*&! ;&'! (;.+./&'! ,5-(8(*:<&'!

>?.@5*&!ABCD!&-!ABC#EB!%,!-,.;;&!3&!@*,./'!3,/'!6&--&!7(/&!&'-!'5:9*.&5*&!I!6&;;&!3&'!7(/&'!

9-53.9&'! :*9693&88&/-B! %,! +,;&5*!8(L&//&! &'-! 3&! MCJ!/8!:(5*! 5/&! 3.'-*.)5-.(/! 45.!

'N9-,;&! 3&! "AA! I! "#CJ! /8! >?.@5*&! ABMJEB! O.&/! 45P(/! ()'&*+&! ;,! :*9'&/6&! 3&! @*,./'!

'5:9*.&5*'!I!"!Q8R!#J!S!3&'!@*,./'!(/-!5/&!-,.;;&!./=9*.&5*&!I!DJJ!/8B!

!

!

!

!
!"#$%&'()*+','%,!7(/&!M!&'-!3(8./9&!:,*!3&'!(;.+./&'!,5-(8(*:<&'!>(;E!,./'.!45&!:,*!3&'!'5;=5*&'!>?&TEB!
%&'!F(./-'!3&!@*,./'!'(/-!45,'.!:,*=,.-'!&-!=(*8&/-!3&'!F(/6-.(/'!-*.:;&'!I!"$JKB!U8,@&!012!&/!6<,8:!6;,.*B!

!
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!

! "#$!

!
!"#$%&'()*+','%&'()!*)+!,*-.-&)+/!*)+!0,-&'+!1)!2(3-&+!+,&'!453+-!63(73-'+!)'!&)!8,&'-)&&)&'!63+!1)!(9+-15!

3:,(6;)<!

!

!

!
!"#$%&'()-.','=-32(3::)!:,&'(3&'!*3!1-+'(->5'-,&!1)!*3!'3-**)!1)!2(3-&+!13&+!*3!?,&)!@<!A&!+)5*!:,1)!)+'!
)B6(-:9!3.)8!5&)!'3-**)!1)!2(3-&+!:,C)&&)!1)!@$D!EFG$DH!&:!6,5(!.3(-3'-,&!8,:6(-+)!)&'()!1)!"II!J!
"#$D!&:<!

!



!"#$!

%&'! ()*+*,&'! -(''./&,0! 1,! 2345-!/&! 2(5-('*0*(,! 06.'! 6&''&6678! 4+&2! 1,&! 2(5-('*0*(,!
5(9&,,&! :4;<! &0! 1,! 2345-! /&! 2(5-('*0*(,! =1*! '>70&,/! /&! :4;$! ?! :4$"! @:*A16&! BC$"DC!
E(,064*6&5&,0!41F!G(,&'!H!&0!;8!4121,&!()*+*,&!4+&2!1,&!2(5-('*0*(,!*,I76*&16&!?!:4HB!
,>4! 707! (J'&6+7&! /4,'! 2&00&! G(,&C! K,! 6&+4,23&! J*&,! =1L&))&'! 4*&,0! /&'! 2(5-('*0*(,'!
'*5*)4*6&'8! )&'! ()*+*,&'!-(''./&,0!/&'!5*26('0612016&'! +46*4J)&'C! K,! &II&0! '*! )4!54M(6*07!
/&'! ()*+*,&'! ,&! 2(,0*&,0! 4121,! /7I4108! 2&604*,&'! 2(,0*&,,&,0! /&'! /*')(240*(,'! &,!
2(,I*A1640*(,! /&! A)*''&5&,0C! N&'! -6(I*)'! /&! 2(5-('*0*(,! (,0! 707! 674)*'7'! ?! 064+&6'! 2&'!
A64*,'! 2(,0&,4,0!/&'!/7I410'!54*'!/4,'! )4!54M(6*07!/&'! 24'! 4121,&!G(,40*(,! 23*5*=1&!
,>4!707!(J'&6+7&C!O14,0!41F!,(5J6&1F!'1)I16&'!-67'&,0'8!*)'!,&!2(,0*&,,&,0!-4'!/&!P*C!Q)!
'>4A*0!/>1,!57)4,A&!BRSBR!/&!:&!&0!TC!

!
!"#$%&'()*+,'U*'0(A6455&!5(,064,0!)4!2(5-('*0*(,!@V:4D!/&'!()*+*,&'!/&!)4!G(,&!$C!E&))&'W2*!-67'&,0&,0!
1,!2345-!/&!2(5-('*0*(,!06.'!6&''&667!4+&2!1,&!2(5-('*0*(,!5(9&,,&!/&!:4;<C!E(,064*6&5&,0!41F!G(,&'!
H!&0!;8!4121,!()*+*,&!4+&2!1,&!2(5-('*0*(,!X!:4HB!,>&'0!-67'&,0&C!

!

Y,&! -34'&! *,0&6'0*0*&))&! &'0! )(24)&5&,0! -67'&,0&8! &,! I4*J)&! 4J(,/4,2&8! &,06&! )&'! A64*,'!
/L()*+*,&! &0! /&! '1)I16&! @:*A16&! BC$HDC! N&'! 2(5-('0*(,'! 6&-67'&,040*+&'! '(,0! 6&-(607&'!
/4,'!)&!04J)&41!BC"RC!E&'!4,4)9'&'!*,/*=1&,0!=1&!2&00&!-34'&!&'0!6*23&!&,!T*!&0!Z)!4+&2!/&'!
0&,&16'!'1-76*&16&'!&,!Z)!-46! 64--(60!41F!-34'&'!45(6-3&'!'*)*2407&'!(J'&6+7&'!/4,'!
)&'!G(,&'!-6727/&,0&'!@[!?!#!40V!2(,06&!$!40V!-(16!)&'!G(,&'!-6727/&,0&'DC!
E(,064*6&5&,0!41F!G(,&'!701/*7&'!-6727/&55&,0!(\!)&'!-34'&'!*,0&6'0*0*&))&'!6*23&'!&,!
T*!&0!Z)!'&!-67'&,04*&,0!1,*=1&5&,0!'(1'!I(65&!45(6-3&8!&))&'!'&!-67'&,0&,0!*2*!'(*0!'(1'!
I(65&! 45(6-3&! (1! '(1'! I(65&! 26*'04))*,&! @:*A16&! BC$HDC! %&'! 2(5-('*0*(,'! ,&! '(,0! -4'!
06.'!7)(*A,7&'!/L1,!I&)/'-403!4+&2!0(10&I(*'!1,!72460!*5-(604,0!?!)4!'0]23*(5706*&C!P(1'!
,&!'(55&'!-4'!-46+&,1'!?!*/&,0*I*&6!2)4*6&5&,0!)4!,4016&!/&!2&'!-34'&'!26*'04))*,&'C!!
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!

! "#$!

!
!"#$%&'()*+!%!&'()!*'!+,(-!.!,(!/-0/,12-!*'!3/4)-(5-6!-(!7'89*-!'9,(:'(5-6!:;1(-!3<')-!8(0-/=/'(1*'8/-!
/85<-! -(! >8! -0!?*! :,(0! *-)! 5,@3,)808,()! /-3/4)-(0'082-)! ),(0! /-3,/04-)!:'()! *-! 0'9*-'1!$A"BA! C-)!3<')-)!
),(0!3/4)-(0-)!),80!D'E!),1)! 7,/@-!5/8)0'**8(-!5,@@-!-(!04@,8=(-! *'!3/4)-(5-!:-!:47'10)!3*'()!D8(:8F14!
3'/!*-)!7*G5<-)E!-0!:-!5,(0/')0-)!:-!H/'==!,1!D9E6!D5E!-0!D:E!),1)!7,/@-!'@,/3<-A!

!

!

  O Si Al K Na Ca Fe Mg 

SPC- 52 61.37 22.87 8.57 0.03 0.43 0.77 0.87 0.90 

SPC- 54 60.82 22.26 9.33 0.05 1.23 1.17 0.11 0.37 

SPC- 55 62.88 23.10 9.54 0.03 1.34 1.08 0.10 0.52 

SPC- 121 60.45 21.89 9.07 0.04 3.03 1.12 0.13 0.29 

SPC- 149 62.47 23.12 9.06 0.09 1.72 1.33 0.08 0.32 

,-./&-$'()01'2'C,@3,)808,()!D'0IE!:-!*'!3<')-!!/85<-!-(!>8!-0!?*A!C-00-!3<')-!-)0!0/G)!-(/85<8-!-(!?*!-0!
'33'12/8-!-(!J=!-0!K-!3'/!/'33,/0!'1L!'@,/3<-)!3/4)-(0)!:'()!*-)!+,(-)!"6M!-0!NA!

!



!"#$!

!"#"#"!$%&'()*+,-&.$./$0,12,3&/&,'$4.$+*$5,'.$&'/.)'.$46$07,'4).$

%&!'()*!+),*-)*!./!01().-*!*2,!3&-4*5*),!.(5+)6*!7&-!.*2!4-&+)2!.8(3+9+)*!.(),!3&!,&+33*!

.*! 4-&+)2! 9&-+*! .*! "! :! ;<! =5! >?+4/-*! ;@ABC@! %&! .+2,-+D/,+()! *)! ,&+33*! .*! 4-&+)! *2,!

03&+-*5*),! D+5(.&3*@! %E&22*5D3&4*! .(5+)&),! *2,! 0(57(26! .E/)*! 7(7/3&,+()! .*! 7*,+,2!

4-&+)2! .E(3+9+)*F! .E/)*! ,&+33*! ,G7+H/*5*),! .*! "! =5! *,! .E/)*! &/,-*! 7(7/3&,+()! &9*0! .*2!

,&+33*2!9&-+&),!.*!B!:!"<!=5!>?+4/-*!;@AAC@!%*2!73/2!4-(2!4&+)2!2(),!01+5+H/*5*),!'()6*2F!

&9*0!/)!0I/-!-+01*!*)!J4!&3(-2!H/*!3&!76-+716-+*!*2,!-+01*!*)!?*@!!

!

!
!"#$%&'()*+' ,' K5&4*!JLM!*)! 63*0,-()2! -6,-(.+NN/262! -*7-62*),&,+9*!.*! 3&! '()*! +),*-)*!./! 01().-*@! %&!
7&-,+*! +),*-)*! *2,! 3&-4*5*),! .(5+)6*! 7&-! 3E(3+9+)*@! %*2! 71&2*2! 73/2!5+)*/-*2! 2(),! .*2! 7G-(OP)*2! >4-+2!
2(5D-*CF! .*2! 2/3N/-*2! *,! .*!71&2*2!56,&33+H/*2! >*)!D3&)0C@! Q/-! 0*,,*! +5&4*!()!.+2,+)4/*! 3&! 7-62*)0*!.*!
4-&+)2! 2/76-+*/-2! :! "<!=5!5&+2! 0*/OR0+! )*! 2(),! 7&2!5&S(-+,&+-*2@! %*2! 4-&+)2! 3*2! 73/2! 4-(2! 2(),! 2(/9*),!
01+5+H/*5*),!'()62@!
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!

! "#$!

!
!"#$%&' ()**' +! %&! '()*! +),*-)*! ./! 01().-*! *2,! .(3+)4*! 5&-! /)! 346&)7*! .*! 5*,+,2! 7-&+)2! .8(6+9+)*!
.8*)9+-()!"!:3!*,!.*!7-&+)2!.8(6+9+)*!&;&),!/)*!,&+66*!*),-*!<!*,!"=!:3>!%*2!56/2!7-(2!7-&+)2!3(),-*),!/)*!
'()&,+()!01+3+?/*!9+2+@6*!2/-!0*,,*!+3&7*!&/!ABC!*)!46*0,-()2!-4,-(.+DD/242>!%*2!51&2*2!*)!@6&)0!2(),!.*2!
51&2*2!34,&66+?/*2>!

!

%*2! (6+9+)*2! (),! /)*! 0(35(2+,+()! 3(;*))*! E&<FG! &9*0! /)! 01&35! .*! 0(35(2+,+()! ?/+!

284,*).! .*! E&HI! J! E&K=! LE+7/-*! K>IKM>! N8&/,-*2! 51&2*2! 2(),! 5-42*),*2! *)! 56/2! D&+@6*!

&@().&)0*!,*62!?/*!.*2!2/6D/-*2!.*!D*-G!.*2!51&2*2!34,&66+?/*2G!.*2!01-(3+,*2!(/!*)0(-*!

.*2! 5;-(OP)*2>! Q*2! .*-)+*-2! 2(),! -+01*2! *)! Q&! &9*0! /)*! 0(35(2+,+()! 3(;*))*!

R(HKGFB)I#GHE2HKG"! LE+7/-*!K>IFM>!%*2!0(35(2+,+()2!-*5-42*),&,+9*2!5(/-! 6*2! 2/6D/-*2G! 6*2!

51&2*2! 34,&66+?/*2! *,! 6*2! 01-(3+,*2! 2(),! -*5(-,4*2! .&)2! 6*! ,&@6*&/! K>"">! S(/-! 6*2!

2/6D/-*2G!+6!28&7+,!.8/)*!346&)7*!K=TK=!*),-*!6*!E*!*,!6*!U!&6(-2!?/*!6*2!51&2*2!34,&66+?/*2!

0(),+*))*),! .*2! ,*)*/-2! 9&-+&@6*2! *)! V+>! Q()0*-)&),! 6*2! 25+)*66*2! L01-(3+,*2MG! 6*2!

&)&6;2*2!3(),-*),! .*2! ,*)*/-2! *)! Q-! *,! E*! *)! .*22(/2! *,! &/W.*22/2! .*2! 9&6*/-2! .*! 6&!

0(35(2+,+()!./!5X6*!5/-!E*Q-HYI!2/774-&),!6&!5-42*)0*!.*!E*!2(/2!D(-3*!E*HZ!*,!E*<Z!2/-!

6*2!2+,*2!(0,&4.-+?/*2!*,!,4,-&4.-+?/*2!.*!6&!01-(3+,*>!

!



!"#$!

!
!"#$%&' ()*(' +! %&'()*+,--.!-)/(+,/(! 0,! 1)-2)'&(&)/! 345,6! 7.'! )0&8&/.'! 7.! 0,! 2,+(&.! &/(.+/.9! :;+! 1.(!
<&'()*+,--.!')/(!+.2)+(=.'!0.'!7)//=.'!-.';+=.'!2,+!>?:!,;!@>A!3./!/)&+6!.(!,;!@>B!3./!+);*.69!!!

! ! ! ! ! ! !
!
!

!
!"#$%&'()*,'+!C,!-,D)+&(=!7.'!2E+)FG/.'!,!;/.!1)-2)'&(&)/!+&1<.!./!H,!,8.1!;/.!1)-2)'&(&)/!-)E.//.!

I)JKLM>/N#LJ5'JKL"!32)&/('!8.+('69!O;,7+&0,(G+.!7.'!2E+)FG/.'!7P,2+G'!C&/7'.E!3"#$Q69!

!
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!

! "##!

Sulfure O S Cr Mn Fe Ni 

Spc 6 - 54.20 0.06 0.05 45.62 0.07 

Spc 46 - 53.62 0.13 0.13 45.66 0.46 

Spc 55 - 50.57 0.10 0.00 49.07 0.26 

Spc 54 - 50.69 0.08 0.00 49.23 0.00 

Métal             

Spc 36 - 0.39 1.55 0.18 94.70 3.18 

Spc 53 - 0.92 0.06 0.15 47.43 51.45 

Spc 47 - 3.27 0.03 0.21 47.50 49.00 

Chromite             

Spc 39 57.22 - 23.83 0.52 19.55 - 

Spc 34 57.30 - 24.13 0.48 19.22 - 

Spc 33 57.26 - 23.97 0.42 19.48 - 

Spc 45 57.11 - 23.39 0.73 19.89 - 

Spc 35 57.12 - 23.44 0.52 20.04 - 

!"#$%"&' ()**' +' $%&'%()*)%+(! ,-*./! 01'02(1+*-*)31(! 41(! (567501(8! '9-(1(! &2*-66):51(! 1*! ;90%&)*1(!
01+;%+*02(!4-+(!6-!<%+1!)+*10+1=!>1(!(567501(!+1!;%+*)1++1+*!'-(!41!?)!1*!61(!'9-(1(!&2*-66):51(!&%+*01+*!
5+1! *1+150! 3-0)-@61! 1+! ?)=! >1(! 7-)@61(! *1+150(! 1+! $0! 1*! 61(! 7%0*1(! *1+150(! 1+! A1! '%50! 61(! ;90%&)*1(!
(5BBC01+*!6-!'02(1+;1!41!A1!(%5(!7%0&1!A1DE!1*!A1FE=!

!

$10*-)+1(! <%+1(!'02(1+*1+*!5+! ;%+*0-(*1! *0C(! (%&@01! (50! 61(! )&-B1(!GHI!IJH! ,A)B501!

K=L! 1*! K=LM/=! ?%&@01! 4N1+*01! 1661(! '02(1+*1+*! 5+1! *1O*501! 7)@015(1! :5)! (5BBC01! 6-!

'02(1+;1!41!'9P66%()6);-*1(=!Q7)+!41!61!320)7)108!5+1!6-&1!ARI!-!2*2!1O*0-)*1!4-+(!5+1!41!

;1(!<%+1(!,A)B501!K=LS/=!!

>T)&-B1!JUHG!V! 7-)@61!B0-+4)((1&1+*!41! 6-! 6-&1!ARI!&%+*01!5+1!-6*10+-+;1!41!B0-)+(!

4T%6)3)+1! 1*! 41! <%+1(! 7)@015(1(! ;%+*1+-+*! '-0! -)66150(! 5+1! '%0%()*2! )&'%0*-+*1! ,A)B=!

K=LS/=! >T1+(1&@61! 41(! B0-)+(! 4T%6)3)+1! ;%+*)1+*! 41(! 4)(6%;-*)%+(! ,A)B501! K=L#/=! $%&&1!

'%50! 61(!%;;5001+;1(!'02;241+*1(!4-+(! 61(!-5*01(!02B)%+(!45!;9%+4018! ;1(!4)(6%;-*)%+(!

(%+*!3)(=!>1(!;%&'%()*)%+(!41(!%6)3)+1(!42*10&)+21(!'-0!HWJ!-5!GHU!(%+*!;%&'-0-@61(!V!

;1661(!&1(5021(!'-0!HWJ!-5!GHI!-31;!5+!;9-&'!41!;%&'%()*)%+!01((1002!-66-+*!41!A-FD!V!

A-LX! 1*! 5+1! ;%&'%()*)%+! &%P1++1! A-FM! ,A)B501! K=LK/=! W1(! '0%7)6(! 41! ;%&'%()*)%+!

;9)&):51! %+*! 2*2! 02-6)(2(! (50! ;1(! B0-)+(8! &-)(! -5;5+! 4T1+*01! 15O! +1! &%+*01+*! 41!

<%+-*)%+!;9)&):51=!



!"##!

!
!"#$%&'()*+','$%&!'(&%)*+,-'.&!/01!%.!23%4,)'.&!)2,)'5-667&2&!8'.,)%.,!3+!9)2&%.4%!5%!:'.%&!&'8()%&;!
<%&!:'.%&!'.,!&'7*%.,!7.%!,%=,7)%!6-()%7&%!>7-!&7??@)%!3+!9)2&%.4%!5%!9AB33'&-3-4+,%&;!
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'(&%)*%! 3+!9)2&%.4%!5%!?)+-.&!5G'3-*-.%!L!M!N8!+-.&-!>7%!5%!:'.%&!K! 6'),%!9')'&-,2!4'.,%.+.,!7.%!9A+&%!
6-()%7&%;!



!"#$%&'()*+*,*)-./0*/01*2345/601*786-90::0;05-*<45/.1=!

!

! "#$!

!
!"#$%&'()*+',!%&'()'*+,'!-')!.,/0/(')!1.(2/'(2!-')!-/),.132/.()!4'12/,/5(')!)',.(!,3!-/4'12/.(!1!'2!

647)'(2'(2!8(!0'12'84!-'!9845'4!1:!!

!

;(!1'!<8/!1.(1'4('!,')!475/.()!=!>3/+,'!1.(243)2'!?@!1',,')A1/!647)'(2'(2!-/>>74'(2)!3)6'12)!

=! ,B71C',,'!-8!D;E:!F'423/(')!6,35')!).(2!3*.46C')!30'1!8(!3)6'12! ,/))'! GH/584'!I:I#J:!

KB3824')! 6,35')! 3*.46C')! 1.(2/'(('(2! -'! (.*+4'8L! (3(.A14/)238L@! 24.8)! .8! +8,,')!

-B8('!23/,,'!-&'(0/4.(!"#!(*!GH/584'!I:I$J:!;(>/(@!-'!543(-')!6,35')!).(2!>/+4'8)')!30'1!

,3!647)'(1'!-B/(1,8)/.()@!24.8)!.8!+8,,')!3/()/!<8'!-&.LM-'!-'!>'4!GH/584'!I:I"J:!

!

!
!"#$%&'()(-!A!N*35'!D;E!'(!1C3*6!1,3/4!-')!O.(')!,/))'):!F')!O.(')!).(2!3*.46C')!'2!)'!647)'(2'(2!).8)!
>.4*'!-'!6.1C')!-&8('!1'(23/('!-'!(3(.*P24')!'(24'!,')!543/()!14/)23,,/()!G.,/0/(')!64/(1/63,'*'(2J:!



!"#"!

!
!"#$%&'()(*!$!%&'()!*+,!)-!./'&0!.1'23!&4-53'-5!1)6!74-)6!8!2-.19624-6:!';!1)!.12./<!=)!=2>>3'.524-!2669!
=)!1'!=2>>3'.524-!)-!'23)!6<1).524--<)!&4-53)!1'!03<6)-.)!=?'--)'9@!=)!=2>>3'.524-A! 2-=2B9'-5!1'!03<6)-.)!
=)!0/'6)6!-'-4$.3265'112-)6C!D;!8!0196! >435!(3'-=266)&)-5!4-!4D6)3E)! 1'!03<6)-.)!=)!-4&D3)9@!53496!49!
D911)6!'2-62!B9)!=)6!2-.19624-6!F)-!-423;!=?9-)!5'211)!=?)-E234-!"#!-&:!

!

!

!
!"#$%&'()(+!G!%&'()6!*+,!)-!./'&0!.1'23!&4-53'-5!1)6!74-)6!>2D3)96)6:!H)6!74-)6!>2D3)96)6!64-5!

'664.2<)6!8!=)!-4&D3)9@!53496!49!D911)6A!8!=)6!2-.19624-6!'2-62!B9)!=?4@I=)!=)!>)3:!



!"#$%&'()*+*,*)-./0*/01*2345/601*786-90::0;05-*<45/.1=!

!

! "#$!
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   O Si Al Mg Fe Ca Na K 

Moyenne 63.27 24.03 6.88 1.72 1.38 0.80 1.70 0.19 
Zones lisses 

1! (n=11) 0.78 1.06 1.46 1.03 0.82 0.29 0.85 0.14 

Moyenne 62.44 23.39 4.84 3.16 1.98 2.26 1.70 0.18 Zones à 
inclusions 1! (n=20) 0.83 1.10 1.11 1.27 0.37 1.17 1.09 0.05 

Moyenne 62.52 23.28 6.27 2.08 1.77 1.28 2.61 0.16 Zones 
fibreuses 1! (n=7) 0.98 0.96 1.21 1.08 0.46 1.02 1.92 0.08 
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!

()*'+,-./--,01'
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!
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(2,4+138! &3,! 2('4)53! 3*,! )24,+3003(3-,! 43()0216! )24! .3! 02! *(31,+,3! 4+153! 3-! 7348! R/!
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0Q2('4)53! 2! /-! 2*)31,! 2**3N! 0+**3!(2+*! )3/,! 0'1203(3-,! )46*3-,34! /-! 2*)31,! P/006! '/!
*)'-:+3/I@! 13! L/+! 02+**3! )3-*34! K! /-3! )34,3! .U606(3-,*! M'02,+0*! ,30*! L/UE"T! 0'4*! .3! 02!
152/773! ./! 15'-.43! '/! K! /-3! ,42-*7'4(2,+'-! )24,+3003! M34*! /-! )5<00'*+0+12,38! H2-*! 13!
1'-,3I,3@! 02! (+14'*,4/1,/43! .3*! )02:3*! +-,34*,+,+3003*! >1'()'*+,+'-! 730.*)2,5+L/3G! 2/I!
:42+-*!.Q'0+M+-3!.2-*!02!46:+'-!+-,34-3!./!15'-.43@!3*,!+-,4+:2-,38!&3*!)02:3*!'-,!3-!3773,!
/-! 2*)31,! 7+P43/I! L/+! 02+**3! )3-*34! K! /-! )5<00'*+0+12,38! =0! 3*,! )3/! )4'P2P03! L/Q/-3!



!"#$!

%&'()%'*+,! %-./.0/! 0.)! &/! 1+)20! 2%)/,'! %*'! %33/1'(! 4/0! 2&%5/0! ('/,4./0! %.! 16.)! 4.!

17+,4)/! 8%*0! %*'! 2)(0/)9(! &/0! 2/'*'/0! 2&%5/0! 0.:;8*1)+8(')*-./0! 4%,0! &%! 8%')*1/! +.!

4%,0! &/0! )(5*+,0! 2()*27()*-./0! 4.! 17+,4)/<! =)+008%,! /'! %&<! >"###?! +,'! ,+'%88/,'!

)/2+)'(!.,/!%&'()%'*+,!%-./.0/!*82+)'%,'/!2+.)!1/)'%*,0!17+,4)/0!4/!@/8%)A+,%!-.*!/0'!

2)*,1*2%&/8/,'! &+1%&*0(/! 4%,0! &%! :+)4.)/! 4.! 17+,4)/<! B%)! %*&&/.)0C! &%! 1+82+0*'*+,! 4/0!

D+,/0!3*:)/.0/0!+:0/)9(/0!4%,0!,+')/!17+,4)/!/0'!')E0!4*33()/,'/!4/!1/&&/!4/0!08/1'*'/0!

%,%&F0(/0!4%,0!&%!8%')*1/!4/!G*07.,2.)!2%)!H&/I%,4/)!/'!%&<!>JK$K:?!>L%:&/%.!M<JN?<!@*!

/33/1'*9/8/,'!1/0!27F&&+0*&*1%'/0!,O+,'!2%0!('(!3+)8(0!2%)!.,/!%&'()%'*+,!%-./.0/!0.)!&/!

1+)20!2%)/,'C!.,/!3+)8%'*+,!,(:.&%*)/!2/.'!%&+)0!P')/!(9+-.(/<!Q&&/!1+))/02+,4)%*'!R!&%!

3+)8%'*+,! 4.! 17+,4)/! >%.! 8+*,0! &%! 2%)'*/! *,'/),/?! 4%,0! .,! /,9*)+,,/8/,'! )*17/! /,!

9%2/.)!4S/%.!1+88/!(9+-.(!2%)!T*/0&%!/'!%&<!>"##N?<!

!

  Na2O MgO Al2O3 SiO2 K2O CaO FeO 

Zones fibreuses 5.53 1.96 36.51 47.53 0.78 2.34 5.24 

5.60 8.80 7.70 65.00 1.50 1.70 8.50 Smectite  

Alexander et al. (1989b) 5.30 11.90 9.00 51.80 0.60 6.50 14.00 

!"#$%"&'()*+!;!T+82+0*'*+,0!8+F/,,/0!>U!2+*40!4S+IF4/?!4/0!D+,/0!3*:)/.0/0!%*,0*!-./!4/0!08/1'*'/0!
+:0/)9(/0!2%)!H&/I%,4/)!/'!%&<C!>JK$K:?4%,0!&%!8%')*1/!4/!G*07.,2.)<!

!

!

(),)-'./01023'435'67080235'

V%! 3)%1'*+,! 1)*0'%&&*,/! 4.! 17+,4)/! /0'! &%)5/8/,'! 4+8*,(/! 2%)! &O+&*9*,/<! W+')/!

('.4/!%!8*0!/,!(9*4/,1/!.,/!(9+&.'*+,!4/!&%!'%*&&/!4/!5)%*,0!%*,0*!-./!4/!&%!'/I'.)/!4/!&%!

2()*27()*/!%.!1/,')/!4.!17+,4)/<!V%!X*5.)/!M<MY!)(0.8/! &/0! '%*&&/0!4/!5)%*,0!8/0.)(/0!

4%,0! &/0! 4*33()/,'/0! 2%)'*/0! ('.4*(/0<! T/''/! 3*5.)/! 8+,')/! -./! &%! '%*&&/! 4/! 5)%*,0!

%.58/,'/!4/!&%!2()*27()*/!Z.0-.S%.!1/,')/!4.!17+,4)/C!4/!J##!,8!R!/,9*)+,!J![8!>'%*&&/!

8+F/,,/!0.)!17%1.,/!4/0!D+,/0!('.4*(/0?<!B+.)!&%!D+,/!&%!2&.0!*,'/),/C!('%,'!4+,,(!-./!

&%! 4*0')*:.'*+,! /,! '%*&&/! /0'! :*8+4%&/C! ,+.0! %9+,0! 2)*0! &%! 9%&/.)! 8+F/,,/! 4/0! 2/'*'0!

5)%*,0<!Q,!/33/'C!&/0!2&.0!5)+0!5)%*,0!0+,'!')E0!2)+:%:&/8/,'!4/0!5)%*,0!)/&*-./0!%&+)0!-./!

&/0! 2/'*'0! 5)%*,0! 0/! 0+,'! 9)%*0/8:&%:&/8/,'! 3+)8(0! 4.)%,'! &O(2*0+4/! '7/)8*-./! -.*! %!

3+)8(! &/! 17+,4)/<!B%)%&&E&/8/,'!R! &O%.58/,'%'*+,!4/! &%! '%*&&/!4/!5)%*,0!4/0!+&*9*,/0C! &%!
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!

! "#$!

%&'(()! *)+! ,(&-)+! &./0,1)+! &2-.)3%)! 4-&().)3%5! 6)! 72'! +2--80)! 23)! 6/&()+6)36)! *2!

('72'*)! +'('6&%49! :/2+! &;/3+! 4-&().)3%! /<+)0;4! 23)! 4;/(2%'/3! *)! (&! %)=%20)5! 72)! 3/2+!

&;/3+!04+2.4)!+20!(&!>'-20)!?9?@9!A(/<&().)3%5!()+!/(';'3)+!+/3%!+2<B&2%/./0,1)+!*&3+!

()+! 04-'/3+! ,40',140'72)+! *2! 61/3*0)+! )%! *);')33)3%! &2%/./0,1)+! *&3+! ()+! C/3)+!

6)3%0&()+9!D&0!&'(()20+5!(&!%)=%20)!*)+!C/3)+!,(2+!'3%)03)+!EC/3)+!F!)%!?G!&!%)3*&36)!H!I%0)!

,(2+!472'('<04)5!&;)6!(J&,,&0'%'/3!*)!3/.<0)2+)+!%0',()+!K/36%'/3+!H!L"#M9!N)+!4;/(2%'/3+!

*)!%&'(()!*)!-0&'3+!)%!*)!%)=%20)!%0&*2'+)3%!23)!;&0'&%'/3!*O'3%)3+'%4!*2!61&2>>&-)5!&;)6!

23)!,&0%')!'3%)03)!,(2+!61&2*)!72)!(&!,40',140')9!P&3+!%/2+!()+!6&+5!()!-0&3*!3/.<0)!*)!

-0&'3+!*J/(';'3)!&'3+'!72)!()20!>&'<()!%&'(()!&%%)+%)!72)!()!04-'.)!%1)0.'72)!&!>&;/0'+4!(&!

326(4&%'/3!,(2%Q%!72)!(&!60/'++&36)!)%!'3*'72)!72)!(&!%).,40&%20)!.&='.&()!&%%)'3%)!+)!

+'%2)!(/'3!*)!6)(()!*2!('72'*2+9!

!

!
!"#$%&'()(*!B!P'&-0&..)!./3%0&3%!(J&2-.)3%&%'/3!*)!(&!%&'(()!*)!-0&'3+!*)+!/(';'3)+!*)!(&!</0*20)!

K2+72O&2!6)3%0)!*2!61/3*0)9!



!"#$!

!
!"#$%&''()(*!%!&'()*+,(-!./!)0!+/1+*2/!./!)0!3(2.*2/!'/24!)/!5/-+2/!.*!56(-.2/7!8/++/!9'()*+,(-!/4+!

,-+/2:29+9/!:02!*-/!.,;;92/-5/!./!)<,-+/-4,+9!.*!560*;;0=/7!

!
!

>*+2/!*-/!'02,0+,(-!./!+0,))/!/+!./!+/1+*2/?! )0!5(@:(4,+,(-!./4!(),',-/4!'02,/!9=0)/@/-+!
4/)(-!)/4!A(-/4!9+*.,9/47!B0!;,=*2/!C7CD!294*@/!)/4!:(*25/-+0=/4!/-!E0!./4!(),',-/4!./4!
.,;;92/-+/4!A(-/4!.*!56(-.2/7!8/))/4%5,!'02,/-+!./!E0FC! GA(-/!#H!I!E0JF! GA(-/!K!/+!A(-/!
,-+/2-/H?!/))/!/4+!.(-5!.9=2/44,'/!./!)0!3(2.*2/!'/24!)/!5/-+2/!.*!56(-.2/?!0'/5!*-!40*+!
./!5(@:(4,+,(-!,@:(2+0-+!/-+2/!)0!A(-/!#!GE0FCH!/+!)0!A(-/!"!GE0KCH7!8/4!:(*25/-+0=/4!/-!
E0!./4!(),',-/4! 4(-+! 4*:92,/*24!I! 5/*1!./4!(),',-/4! ,44*/4!./4! 56(-.2/4!./! +L:/! MM!./4!
56(-.2,+/4!(2.,-0,2/4!:2,@,+,'/4!N*,!4<9+/-./-+!./!#$!I!"$O!GP(-/4?!#DD$Q!P(-/4?!#DDFQ!
E/.R,-!/+!0)7?!"$#"H!0,-4,!N*/!./4!56(-.2/4!G(*!(3S/+4H!0==)(@9294!N*,!4<9+/-./-+!./!#"!I!
JCO! GT*A,5R0! /+! 0)7?! "$#"H7! &-! 2/'0-56/?! :(*2! )/4! 29=,(-4! )/4! :)*4! :92,:692,N*/4! .*!
56(-.2/4!GA(-/4!#!/+!"H?! )0!5(@:(4,+,(-!./4!(),',-/4!/4+!5(@:0203)/!I!5/))/4!(34/2'9/4!
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!

! "##!

$%&'! (%!)%*+,-.!$.!/,'01&21+!3*1$,3.!$%&'! (.! -0%2,*+.!45!61,!)7&*+.!1&.! -7)27',*,7&!

)78.&&.!9%:;<!

!

!
!"#$%&' ()(*! =! >,%?+%)).! +.2+3'.&*%&*! (.'! *.&.1+'! .&! 9%! $.'! 7(,@,&.'! 271+! (.'! $,AA3+.&*.'! 2%+*,.'! $1!
-07&$+.<!B.'!*.&.1+'!.&!9%!$,),&1.&*!$.!(%!C7+$1+.!DE7&.!#F!@.+'!(.!-.&*+.!$1!-07&$+.!DE7&.!,&*.+&.F<!
!

!

G&!-.!61,!-7&-.+&.!(.'!3(3).&*'!2(1'!),&.1+'!DH&!.*!I%F5!(.1+!$,'*+,C1*,7&!.'*!+3'1)3.!

'1+! (%! A,?1+.! :<J;5! 61,! 2+3'.&*.! (.'! *.&.1+'! DK! 27,$'! $L7M8$.'F! .&! I%N! .*! H&N! .&!

A7&-*,7&! $.! (%! *.&.1+! .&! 9.N! $.'! 7(,@,&.'! %&%(8'3.'! 271+! (.'! $,AA3+.&*.'! 2%+*,.'! $1!

-07&$+.<! O71+! -7)2%+%,'7&5! (%! A,?1+.! +.27+*.! %1'',! $.'! -7)27',*,7&'! $.! -07&$+.'!

27+208+,61.'!$.!*82.!PP!$.!-07&$+,*.'!7+$,&%,+.'!2+,),*,@.'!DQ7&.'5!#RR;5!#RRJS!/.+(,&5!

";#;F!.*!$.!(%!)%*+,-.!$.!/,'01&21+!DI0%2,*+.!4F<!H,'!T!2%+*!271+!(.'!7(,@,&.'!$.!(%!E7&.!

,&*.+&.! $1! -07&$+.! 61,! 7&*! 1&.! *.&.1+! .&! I%N! 2(1'! 3(.@3.5! (L.&'.)C(.! $.'! %&%(8'.'!

,&$,61.! $.'! *.&.1+'! .&! I%N! ,$.&*,61.'! -7)2+,'.'! .&*+.! ;! .*! #! U*K! %@.-! 1&.! @%(.1+!

)78.&&.! $.! ;5#! U*K<! I.'! *.&.1+'! '7&*! -7)2%+%C(.'! %1M! $7&&3.'! $.'! 7(,@,&.'! $.! (%!

)%*+,-.! )%,'! '7&*! ,&A3+,.1+.'! T! -.((.'! $.'! -07&$+.'! 27+208+,61.'<! B.'! 3*1$.'!

.M23+,).&*%(.'!)7&*+.!1&.!-7++3(%*,7&!27',*,@.!.&*+.!(.!I%N!.*!(.!9.N!271+!(.'!7(,@,&.'!



!"#"!

$%&! '(&)*+,,&)-.*! /!0+(*&(! 12%.! ,&$%&1-! -*! )-34,-.*! +&.)&! -.! +''5(1! +6-'! ,-)! 5,&6&.-)!1-)!

'75.1(-)! 05(078(&$%-)! 9-:;:! <&45%(-,=! #>>>?! @+'A! +.1! @+,3-=! "BBCD:! E-**-! '5((F,+*&5.!

05)&*&6-!.2-)*!0+)!54)-(6F-!1+.)!.5*(-!'+)!9G&;%(-!H:IBD:!J5%*-K5&)=!1%!K+&*!1-!)+!6&*-))-!

1-! 1&KK%)&5.! F,-6F-=! ,-! E+! -)*! %.! F,F3-.*! +))-L! 354&,-! ,5()! 1%! 3F*+35(07&)3-!

*7-(3&$%-! 9M(5))3+.! +.1! N(-+(,-8=! "BBH?! O%))! -*! +,:=! "BBID:! E-! 3F*+35(07&)3-!

05%((+&*!+,5()!P*(-!,+!'+%)-!1-)!K+&4,-)!*-.-%()!54)-(6F-):!<+!*-.1+.'-!G-QR.!-)*=!$%+.*!

/! -,,-=! 35&.)! )-.)&4,-! +%S! -KK-*)! 1%! 3F*+35(07&)3-! 9-:;:! N-(,&.=! "B#B=! "B##D:! <-)!

'5.'-.*(+*&5.)! -.! R.T! 1+.)! ,-)! 5,&6&.-)! 1-)! 1&KKF(-.*-)! 0+(*&-)! 1%! '75.1(-! )5.*!

'530+(+4,-)! /! '-,,-)! 54)-(6F-)! 1+.)! ,+!3+*(&'-! 1-! N&)7%.0%(! -*!35.*(-.*! F;+,-3-.*!

%.-!'5((F,+*&5.!05)&*&6-!+6-'!,-)!*-.-%()!-.!G-T!9G&;%(-!H:IBD:!U.!(-6+.'7-!,-)!15..F-)!

35.*(-.*!%.-!*-.1+.'-!1&KKF(-.*-!1-!'-,,-!1-)!'75.1(-)!1-!*80-!VV!&))%)!1-)!'75.1(&*-)!

5(1&.+&(-)! 0(&3&*&6-):! <-! (+005(*! G-WR.! 1+.)! ,-)! )&,&'+*-)! *-,! $%-! ,25,&6&.-! -)*! %.! 45.!

&.1&'+*-%(!1-)!'5.1&*&5.)!(-15S!1%!)8)*X3-!9-:;:!N-(,&.=!"B##D:!E-!(+005(*!6+(&-!)-,5.!,-)!

'75.1(&*-)!)%;;F(+.*!,+!K5(3+*&5.!1-)!'75.1(-)!1-!*80-!VV!1+.)!1-)!(F)-(65&()!1&KKF(-.*)!

9N-(,&.=!"B##?!O-Y&.)!-*!+,:=!"B##D:!Z5)!15..F-)!(F6X,-.*!1-!;(+.1-)!)&3&,&*%1-)!+6-'!,-)!

5,&6&.-)! 1-! ,+! 3+*(&'-=! ,+&))+.*! /! 0-.)-(! %.! -KK-*! 1%! 3F*+35(07&)3-! *7-(3&$%-:!

ZF+.35&.)!,+!6+(&+*&5.!1-!,+!*-.-%(!-.!K-(!1-)!5,&6&.-)=!+))5'&F-!/!,+!6+(&+*&5.!-.!*+&,,-!

1-! ;(+&.)=! .2-)*! 0+)! '530+*&4,-! +6-'! ,-! 3F*+35(07&)3-! *7-(3&$%-:! Z5%)! )%005(*5.)!

,2&1F-!$%-!,-)!5,&6&.-)!)5.*!,-!(F)%,*+*!12%.-!'(&)*+,,&)+*&5.!&.Q)&*%!)%4)5,&1%):!
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!

! "#$!

!
!"#$%&'()*+!%!&'()*(++,-!.(/!0-!1,/!23(45627!89':-!:;9<=:,6!,5!>?/!0-!1,/!2@(-6!:(?-!A,-!9A'0'?,-!:,-!
:'BBC*,?5,-! 8(*5',-! :4! D39?:*,! C54:'C! :,!E'-34?84*F! D,AA,-! '--4,-! :,! D39?:*,-! :,! 5=8,! GG! :,! D39?:*'5,-!
9*:'?('*,-! 2H9?,-F! #IIJF! #IIKL! E,*A'?L! "J#J6! ('?-'! M4,! D,AA,-! :,! A(!+(5*'D,! 2.3(8'5*,! $6N! 2O(456! P4*! D,!
:'()*(++,!9?!*,+(*M4,!M4,F!+'-!Q!8(*5!894*!A(!R9?,!'?5,*?,F!A;,?-,+@A,!:,-!9A'0'?,-!9?5!,?!+9=,??,!A(!
+S+,!D9?D,?5*(5'9?!,?!.(/!20(A,4*!+9=,??,!:,!JF#!76N!.,-!D9?D,?5*(5'9?-!-9?5!AC)T*,+,?5!'?BC*',4*,-!Q!
D,AA,-!:,-!9A'0'?,-!:,!D39?:*,-!:,!5=8,!GGN!2E(-6!U,!:'()*(++,!+9?5*,!4?,!D9**CA(5'9?!89-'5'0,!,?5*,!D,-!
:,4<! 9<=:,-! :'BBC*,?5,! :,! D,AA,! 9@-,*0C,! 894*! A,-! D39?:*,-! :,! 5=8,! GG! :,-! D39?:*'5,-! 9*:'?('*,-!+('-!
D9+8(*(@A,!Q!D,AA,!9@-,*0C,!894*!A,-!9A'0'?,-!:,!A(!+(5*'D,!2D3(+8!,?!B9*+,!:V,AA'8-,F!,?!@A,4!DA('*6!

!

!



!"#$!

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

%&!'()*+,&!')*-.&*-/!01&22&!01&!3).-!24!5)*&!6-1+.6&/!+&!*)78,&19!:,4.*3!+;)2.<.*&!

+&! -4.22&!=213! .7=),-4*-&>!?)*-,4.,&7&*-!419!=&-.-3!:,4.*3/! .23! 3)*-!7).*3!,.'(&3!&*!@&/!

3)*-! '(.7.01&7&*-! 5)*63! A4<&'! 1*! 'B1,! ,.'(&! &*!C:! &-! 1*&! 8),+1,&! ,.'(&! &*! @&D! &-!

')*-.&**&*-! E,601&77&*-! +&3! +.32)'4-.)*3! !! <.3>! ?&3! +.32)'4-.)*3! +4*3! 2F)2.<.*&! 3)*-!

')**1&3! ')77&! 6-4*-! 1*! .*+.'4-&1,! +&! 76-47),=(.37&! +&! '()'! A&>:>! %&,)19/! "GG#D>!

H.3(1*=1,!6-4*-!1*&!'()*+,.-&!),+.*4.,&!01.!*&!=,63&*-&!=43!3.:*&!+&!76-47),=(.37&!

+&!'()'!AI-JEE2&,!&-!42>/!#KK#D/! 24!=,63&*'&!+&!:,4.*3!+F)2.<.*&!=,63&*-4*-!+&3!3.:*&3!+&!

76-47),=(.37&! +&! '()'! .7=2.01&! 1*! (6,.-4:&! 4*-6,.&1,>! %&3! ')7=)3.-.)*3! +&! '&3!

)2.<.*&3!3)*-!')7=4-.82&3!4<&'!+&3!:,4.*3!.3313!+&3!'()*+,&3!=),=(L,.01&3/!31==),-4*-!

2F.+6&! 01&! '&22&3M'.! =,)<.&**&*-! +&! :6*6,4-.)*3! 4*-6,.&1,&3! +&! '()*+,&3>! ?&3! )2.<.*&3!

E41-6&3! 3)*-! +)*'! 74*.E&3-&7&*-! +&! :,4.*3! ,&2.01&3/! =,6M&9.3-4*-3! N! 24! E),74-.)*! +1!

'()*+,&! &-! 01.! -67).:*&*-! 01&! 2&! '()*+,&! *F4! 318.! 01&! =&1! +&! E13.)*! =4,-.&22&>! O)3!

)83&,<4-.)*3! 31==),-&*-! +)*'! 2F.+6&! 01;1*! ,&'L'24:&! +;)2.<.*&3! =,)<&*4*-! +&!

:6*6,4-.)*3!4*-6,.&1,&3!+&!'()*+,&3!&3-!E,601&*-!A&>:>!P)*&3/!#KKQR!S15.'T4!&-!42>/!"GGUD>!!

%&3!)2.<.*&3!,&2.01&3!3)*-!E,601&77&*-!&*-)1,6&3!+;1*&!')1,)**&!,.'(&!&*!@&V/!

+)*-! 24! ')7=)3.-.)*! &3-! &*! 601.2.8,&! '(.7.01&! 4<&'! 2&3!=&-.-&3! )2.<.*&3! &*<.,)**4*-&3>!

%;6=4.33&1,!+&!'&3!')1,)**&3!A#GG!N!WGG!*7D!&3-!+1!7X7&!),+,&!+&!:,4*+&1,!01&!'&3!

=&-.-3!:,4.*3!+;)2.<.*&>!%4!E),74-.)*!+&3!')1,)**&3!&-!24!',.3-422.34-.)*!+&3!)2.<.*&3!3)*-!

+)*'!-,Y3!=,)8482&7&*-!+&19!=(6*)7Y*&3!')*-&7=),4.*3>!O)13!31==),-)*3!4.*3.!2F.+6&!

01&!'&3!')1,)**&3!3&!3)*-!E),76&3!.*M3.-1!2),3!+&!2F6<6*&7&*-!-(&,7.01&!N!2F),.:.*&!+1!

'()*+,&>!

I)13! '&3! ')1,)**&3/! 2&3! )2.<.*&3! ,&2.01&3! =,63&*-&*-! 6:42&7&*-! +&3! =,)E.23! +&!

')7=)3.-.)*/!4<&'!1*&!8),+1,&!,.'(&!&*!E&,!&-!1*!'B1,!74:*63.&*>!%4!E),7&!+&3!=,)E.23!

&3-!')7=4-.82&!4<&'!1*&!),.:.*&!=4,!.*-&,+.EE13.)*!@&MC:>!%F6-1+&!+&!'&3!=,)E.23/!&-!=213!

=4,-.'12.Y,&7&*-!24!+.3-4*'&!'4,4'-6,.3-.01&!+&!+.EE13.)*/!+).-!=&,7&--,&!+;4==),-&,!+&3!

.*E),74-.)*3! 31,! 2&3! =4,47Y-,&3! 433)'.63! N! 2F6<Y*&7&*-! -(&,7.01&! +1! '()*+,&! )1! +1!

76-47),=(.37&! -(&,7.01&! 01.! 4! 4EE&'-6! 2&! '),=3! =4,&*-! +&! H.3(1*=1,>! O)13! 422)*3!

4+)=-&,!+4*3!2&3!=4,4:,4=(&3!31.<4*-3!24!76-()+)2):.&!1-.2.36&!,6'&77&*-!=4,!?1<.22.&,!

A"G#$D!=)1,!2&3!)2.<.*&3!+&!24!74-,.'&!+;Z22&*+&>!O)13!,6317)*3!'.M+&33)13!2&3!:,4*+&3!

2.:*&3!+&!24!+674,'(&!=)1,!'42'12&,!2&3!')1=2&3!-&7=3M-&7=6,4-1,&!433)'.63!419!)2.<.*&3!

5)*6&3>!!
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!

! "#$!

%&!'()*&+,-!'-!'(../)(0+!123!,044-)50+'!6!7&!'()*&+,-!8/)9/-!7&9/-77-!7-!540,-))/)!

'-!'(../)(0+!&!/+-!(+.7/-+,-:!;77-!)<-254(=-!)-70+!7&!.04=/7-!)/(>&+*-?!

!"#"$%&'("

&>-,!!!7-!*-=5)!7&())@!&/!)A)*B=-!50/4!'(../)-4!-*!"!7-!,0-..(,(-+*!'-!'(../)(0+!9/(!'@5-+'!

'-! 7&! *-=5@4&*/4-:! %&! '()*&+,-! '-! '(../)(0+! 5-4=-*! '0+,! '-! 4-=0+*-4! &/2! ,0/57-)!

*-=5)C*-=5@4&*/4-!&))0,(@)!&/!540,-))/)!'-!'(../)(0+:!D0/)!&>0+)!/*(7()@!7-!,0-..(,(-+*!

'-!'(../)(0+!4-,0==&+'@!5&4!E0F=-+!-*!GF&H4&I04*A!1"JJK3L!9/(!-)*!>&7('-!'&+)!7-!,&)!

'M/+-!./N&,(*@!'M02ANB+-!(+,0++/-!-*!9/(!54-+'!-+!,0=5*-!7&!*-+-/4!-+!.-4!'-!7<07(>(+-:!

G-!,0-..(,(-+*!'-!'(../)(0+!"!)<-254(=-!)-70+!7<@9/&*(0+!)/(>&+*-?!

)*+,&-.$/012"3"45($6"4"$$7888/$(989#$":";-%&'"4"8(<=1L"

&>-,!%&'! 7&! *-+-/4!-+! .-4!'-! 7<07(>(+-L!$! 7&! *-=5@4&*/4-!-*!(! /+! ,0-..(,(-+*!9/(! -254(=-!

7<(+.7/-+,-!'/! *&/2!'-! .-4! )/4! 7-! ,0-..(,(-+*!'-!'(../)(0+:!G-!5&4&=B*4-!+!-)*!'@*-4=(+@!

-25@4(=-+*&7-=-+*! -+! ,F-4,F&+*! 7-! =-(77-/4! &,,04'! -+*4-! 540.(7)! )(=/7@)! -*!

-25@4(=-+*&/2:!O7!54-+'!*A5(9/-=-+*!'-)!>&7-/4)!,0=54()-)!-+*4-!"!-*!P:!%-)!,0-..(,(-+*)!

'-! '(../)(0+! 50/4! 7<07(>(+-! ,&7,/7@)! 5&4! E0F=-+! &+'! GF&H4&I04*A! 1"JJK3! 0+*! @*@!

'@*-4=(+@)! 50/4! '-)! *-=5@4&*/4-)! )/5@4(-/4-)! 6! KJJQG:! R.(+! '-! ,&7,/7-4! 7-)! ,0/57-)!

*-=5)C*-=5@4&*/4-)!,0=5&*(I7-)!&>-,!7-)!*-=5@4&*/4-)!=@*&=045F(9/-)!'-!S()F/+5/4L!

+0/)!7-)!&>0+)!-2*4&507@!8/)9/<6!/+-!*-=5@4&*/4-!'-!"JJQG:!

%-)!540.(7)!'-!,0=50)(*(0+!9/-!+0/)!&>0+)!=-)/4@)!0+*!'-)!'()*&+,-)!'-!'(../)(0+!

,0=5&4&I7-)!'&+)!7-)!'(..@4-+*-)!T0+-)!'/!,F0+'4-:!G-)!'()*&+,-)!)0+*!,0=54()-)!-+*4-!

#UJ!-*!"$J!+=:!R.(+!'-!'@*-4=(+-4!)(!,-)!T0+&*(0+)!,F(=(9/-)!5-/>-+*!V*4-!,0=5&*(I7-)!

&>-,! 7<@5()0'-!'-! .04=&*(0+!'/! ,F0+'4-! 0/! &>-,!/+!=@*&=045F()=-! *F-4=(9/-! )/4! 7-!

,045)!5&4-+*L!+0/)!&>0+)!,&7,/7@! 7-)!,0/57-)!*-=5)C*-=5@4&*/4-!50/4!'-)!'()*&+,-)!'-!

'(../)(0+!,0=54()-)!-+*4-!#UJ!-*!"$J!+=L!50/4!'-)!'/4@-)!,0=5&*(I7-)!&>-,!7&!.04=&*(0+!

'-)! ,F0+'4-)! 0/! I(-+! &>-,! ,-77-)! ,0=5&*(I7-)! &>-,! /+! =@*&=045F()=-! *F-4=(9/-!

1W(N/4-!$:X#3:!



!"#$!

!

!
!"#$%&'()*+!%!&'()*+,!-+.),%-+.)/01-(0+!21*2(*/,!)'(0!3+,!34,-152+,!3+!3466(,4'5!3+!#78!5.!+-!"98!5.!
+5-0+!"88!+-!$88:&!;+5!<1(-=!+-!788!+-!#>88!:&!;+5!?1,=@!A'(0! *1! 64B(0+!3(!<1(-C!5'(,!1D'5,!0+)'0-/! *+,!

45-+0D1**+,! 3+! -+.),! E! -+.)/01-(0+,! F(4! )'(0014+5-! 2'00+,)'530+! G! *H/)4,'3+! ./-1.'0)<4F(+@! I(0! *1!

64B(0+!3(!?1,C!5'(,!1D'5,!0+)'0-/!*+,!45-+0D1**+,!3+!-+.),!E!-+.)/01-(0+,!F(4!)'(0014+5-!2'00+,)'530+!G!

*1!6'0.1-4'5!3+,!2<'530+,!;D'40!-+J-+!)'(0!3/-14*,=@!!

!
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!

! "#$!

%&'()*+*,! -+.-! ! /0'1+2/! 30456+-47,8! 9.8! 38,! :+*'-)+*,! ,+)8*-! ;<*<2<8,! /.2'*-!

30<6),+/8!(<-'(+264)9.8=!%*!628*'*-!8*!>+(6-8!3'!/<>2+),,'*>8!/8!3?"@A3!>+((8!,+.2>8!

62)*>)6'38! /8! >4'38.2B! 38,! <>48338,! /8! -8(6,! 6+.2! 38,! /.2<8,! (<-'(+264)9.8,! /8,!

>4+*/2)-8,!+2/)*')28,!68.!(<-'(+264),<8,!+*-!<-<!8,-)(<8,!8*-28!9.839.8,!>8*-')*8,!/8!

()33)82,!/0'**<8,!8-!"!()33)+*,!/?'**<8,!C8=;=!D./2',E'*)!8-!'3=B!"FFGH!I8*J8!8-!'3=B!"F#"K=!

L83'! >+228,6+*/! M! .*8! ;'((8!/8! -8(6<2'-.28! 8*-28! N"O! 8-! N$O! PL=! L8-! )*-82Q'338! 8,-!

62+>48!/8!3'!-8(6<2'-.28!(<-'(+264)9.8!/8!R),4.*6.2B!9.)!*0'.2')-!6',!/<6',,<!NFFS

NOFPL!,83+*!D'(1'3/)!8-!T',,+*!C#UG#K=!

! V'*,! 38! >',! /8! 30456+-47,8! 9.8! 38,! :+*'-)+*,! '.2')8*-! <-<! <-'13)8,! /.2'*-!

30<6),+/8! /8! W+2('-)+*! /.! >4+*/28B! *+.,! 'Q+*,! 62),! .*! )*-82Q'338! /8! -8(6,!

>'2'>-<2),-)9.8! /8! >8! -568! /0<Q7*8(8*-! C9.839.8,! ()*.-8,! M! 9.839.8,! 48.28,!H! 8=;=!

X+;W28*B! #UGUH! I8E)*,B! #UU$H! I8E)*,! 8-! '3=B! "FFOK=! V'*,! >8! >',B! 30)*-82Q'338! /8!

-8(6<2'-.28! >+228,6+*/'*-! 8,-! /8! UOF! M! #"FF! PL=! XM! 8*>+28B! >8-! )*-82Q'338! /8!

-8(6<2'-.28!,8(138!',,8:!2<'3),-8!6+.2!38!>',!/0.*!>4+*/28!6'2-)8338(8*-!W+*/.!-83!9.8!

*+.,!'Q+*,!<-./)<=!!

X'! 9.'*-)W)>'-)+*! /8,! :+*'-)+*,! >4)()9.8,! /8,! +3)Q)*8,! 283)9.8,! *8! 682(8--8*-!

/+*>! 6',! /8! -2'*>482! >3')28(8*-! 8*-28! 38! (<-'(+264),(8! -482()9.8! +.! 3?<Q7*8(8*-!

-482()9.8!M!3?+2);)*8!/.!>4+*/28!6+.2!8&63)9.82!3?+2);)*8!/8!30)*-82/)WW.,)+*!Y8SZ;!/'*,!

38,! +3)Q)*8,! 283)9.8,=! [+.-8W+),B! 38! W')-! 9.?+*! 28-2+.Q8! /8,! /),-'*>8,! /8! /)WW.,)+*!

,)()3')28,! /'*,! 38,! /)WW<28*-8,! 6'2-)8,! /.! >4+*/28! 8-! 9.8! >8338,S>)! ,+*-! <;'38(8*-!

,)()3')28,!M!>8338,!(8,.2<8,!/'*,!38!>4+*/28!<-./)<!/'*,!38!>4'6)-28!62<></'*-!C"FF!*(KB!

63')/8!8*!W'Q8.2!/?.*!8WW8-!/.!(<-'(+264),(8!-482()9.8=!

!
!

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

!

\+,!2<,.3-'-,!+*-!(+*-2<!9.8!38!>4+*/28!<-./)<!'Q')-!.*8!>+(6+,)-)+*!62+>48!/8!

3'!>+(6+,)-)+*!L]B!'Q8>!.*8!()*<2'3+;)8!>+(6'2'138!/8!:+*8!M!:+*8!C1)8*!9.0)3!5!')-!/8,!

/)WW<28*>8,!/8!-8&-.28!8-!/8!-')338!/8!;2')*,K=!A!30<>48338!/8!>4'9.8!:+*8B! 38,!>4'(6,!/8!

>+(6+,)-)+*!28,-8*-!',,8:!;2+.6<,=!L83'!8,-!)33.,-2<!,.2!3'!W);.28!O=@"!9.)!/+**8!38!>4'(6!

/8! >+(6+,)-)+*! 6+.2! >4'9.8! :+*8! /'*,! .*! /)';2'((8! -82*')28! C^)_A3KSZ;SY8=! L8,!

>4'(6,! ,8! >48Q'.>48*-! 3'2;8(8*-!('),!/8!68-)-8,!/)WW<28*>8,! ,+*-! -+.-8W+),! '),<(8*-!



!"#$!

%&'()*+,-! ./! &%! +01+2'+! *+,! (%(*3,+,! 4+! *(! 5&%+! 6! 789/! +,'! 2(:'/19*/;:+<+%'! :/1=+! +%!

,9*>9:+,?@!*+,!A(:/('/&%,!4+!1&<2&,/'/&%,!<&%':+%'!9%!(22(9A:/,,+<+%'!2:&B:+,,/>!+%!C+!

4+!*(!5&%+!#!7)&:49:+!+0'D:/+9:+?!E!*(!5&%+!/%'+:%+-!F+*(!+,'!2:&)()*+<+%'!*/D!E!9%+!2+:'+!

4+,!,9*>9:+,!4+!>+:!2(:!DA(2&:('/&%@!89/!2+9'!G':+!/<2&:'(%'+!*&:,!4+,!2:+</+:,!,'(4+,!4+!

>&:<('/&%! 49! 1=&%4:+! 7+-B-! H+I/%,! +'! (*-@! #JJKL! H+I/%,! +'! (*-@! "MMN?-! O9! 1&%':(/:+@! *(!

2(:'/+!+0'+:%+!+,'!:/1=+!+%!,9*>9:+,@!1+!89/!+,'!1+:'(/%+<+%'!4P!E!9%+!:+1&%4+%,('/&%!,9:!

*(! 2(:'/+! 2D:/2=D:/89+-! O>/%! 4+! AD:/>/+:! 1+*(! %&9,! (A&%,! ,&9,':(/'! *+! >+:! (,,&1/D! (90!

,9*>9:+,!4+,!4/>>D:+%'+,!(%(*3,+,!+'!%&9,!*+,!(A&%,!:+2&:'D!4(%,!9%!4/(B:(<<+!'+:%(/:+!

7./QO*?RSBR7C+R.?!7C/B9:+!N-T"?-!.9/'+!E!1+''+!&2D:('/&%@!*+,!4&%%D+,!4+,!5&%+,!"@!U@!6!+'!

4+! *(! 2(:'/+! /%'+:%+! <&%':+%'! 4+,! '+%+9:,! +%! C+! )+(91&92! 2*9,! :(22:&1=D+,@! 1+! 89/!

,9BB;:+! 4+,! 1&<2&,/'/&%,! +'! 2:&2&:'/&%,! 4+,! ,/*/1('+,! 2:&1=+,! 2&9:! 1+,! 4/>>D:+%'+,!

5&%+,-! V%! :+A(%1=+! 1+! ,1D%(:/&!%+! ,+<)*+!2(,!2&9A&/:! ,W(22*/89+:!2&9:! *(! 5&%+!#! 89/!

<&%':+@!<G<+!(2:;,!*(!,&9,':(1'/&%!49!>+:!(,,&1/D!(90!,9*>9:+,@!9%+!4/>>D:+%1+!%&'()*+!

4+!*(!'+%+9:!+%!>+:!2(:!:(22&:'!(90!(9':+,!5&%+,!49!1=&%4:+-!X+A(%'!*+,!>(/)*+,!4/,'(%1+,!

4+! 4/>>9,/&%! 4(%,! *+,! &*/A/%+,! :+*/89+,! 7Y"MM! %<?@! 89+! %&9,! 2+%,&%,! G':+! (,,&1/D+,!

(9<D'(<&:2=/,<+! '=+:</89+! 4+! Z/,=9%29:@! ! /*! ,+<)*+! 2+9! 2:&)()*+! 89+!

*[+%:/1=/,,+<+%'!+%!>+:!4+,!*+%'/**+,!2:&A/+%%+%'!4W9%!D89/*/):+!1=/</89+!(A+1!*(!<(':/1+!

:/1=+! +%! >+:-! \(! >&:<('/&%! 4+,! *+%'/**+,! 4(%,! 9%! +%A/:&%%+<+%'! %D)9*(/:+! :/1=+! +%!

2&9,,/;:+,! +'! +%! ,9*>9:+,! 2+:<+'':(/'! 4W+02*/89+:! *(! :+1&%4+%,('/&%! 4+,! ,9*>9:+,! +'! *(!

>&:'+! '+%+9:! +%! >+:! 4+! 1+,! *+%'/**+,! 72&:'D+! 2(:! *+,! &*/A/%+,?-! \+,! 4/>>D:+%',! 1=(<2,! 4+!

1&<2&,/'/&%!<&%':+%'!DB(*+<+%'!89W/*!3!(!DB(*+<+%'!9%!+%:/1=/,,+<+%'!+%!./!+'!O*!4+!*(!

)&:49:+! A+:,! *+! 1+%':+-! F+'! +%:/1=/,,+<+%'! +,'! E! :+*/+:! E! A(:/('/&%! 4+! *W()&%4(%1+! +%!

(<&:2=+!:/1=+!+%!./!+'!O*-!

!!
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!

! "#$!

!

!
!"#$%&'()*+!%!&'()*(++,-!.,*/('*,-!01'2345%6)%7,!,.!01'2345%6)%07,%15!08!(.9+':;,5!9<!-9/.!*,=9*.>,-!
4,-!?9+=9-'.'9/-!@,-!@'AA>*,/.,-!=(*.',-!@;!?B9/@*,C!DB(:;,!=9'/.!*,=*>-,/.,!;/,!E9/,!@F(/(4G-,!@,!#H!I!
#H!J+!0(/(4G-,-!K&1!,/!6KL5C!KI?,=.>!=9;*! 4(!E9/,!#M! 4F(==(;N*'--,+,/.!,/! A,*!9O-,*N>!@,! 4(!O9*@;*,!
N,*-!4,!?,/.*,!@;!?B9/@*,!=,;.!P.*,!,I=4':;>!=(*!;/,!=*9=9*.'9/!@'AA>*,/.,!,/!-;4A;*,!@,!A,*!@Q;/,!E9/,!R!
4Q(;.*,M! =*9O(O4,+,/.! 4'>,! R! ;/,! =,*.,! @,! 7,1! 49*-! @,-! >='-9@,-! @,! ?B(;AA,C! S/! 9O-,*N,! >)(4,+,/.! ;/!
,/*'?B'--,+,/.!,/!1'!,.!34!@,!4(!O9*@;*,!N,*-!4,!?,/.*,!@;!?B9/@*,!:;'!@9'.!P.*,!*,4'>!R!4F(;)+,/.(.'9/!@,!
4F(O9/@(/?,!,/!(+9*=B,!*'?B,!,/!1'!,.!34C!!

!



!""#!

$%&&'!(%)*!+'!,-%./*'!01)/20!/3.4!+'!,-3(21*'!(*0,0/'.15!+3!,%&(%4212%.!$6!'1!+3!7328+'!
132++'!/'!9*32.4!/'4!&2.0*3):!4)99;*'.1!<)'!+'!,-%./*'!01)/20!*04)+1'!/'!+=399+%&0*312%.!
/'!(%)442;*'4!(*2&212>'4!4)2>2!/?).!,-3)7739'!8*'7!'1!/'!7328+'!2.1'.4210@!A3!/2770*'.,'!+3!
(+)4!.%138+'!'.1*'!,'4!/'):!,-%./*'4!'41! +'!13):!/'!7)42%.5!<)2!'41!&3.27'41'&'.1!(+)4!
0+'>0!2,2@!A'!(*0,)*4')*!B!+=%*292.'!/'!,'!,-%./*'!/'>321!C1*'!,%&(%40!/'!(%)442;*'4!72.'4!
3>',!).'!,%&(%4212%.!&%D'..'!<)342E,-%./*212<)'@!F3.4! +3!.31)*'5! +?0<)2>3+'.1! ,%..)!
,%**'4(%./!B!,'*132.'4!(%)442;*'4!2.1'*(+3.0132*'4!(%*')4'45!'++'4!3)442!B!9*32.4!72.4!'1!
/'! ,%&(%4212%.! ,-%./*212<)'! G'@9@! H*3/+'D5! IJJKL! M'++'*! 3./! N'44'.9'*! "#IIO! %)! +'4!
&310*23):!(*%,-'4!/'4!&31*2,'4!/'!,-%./*21'4!(*2&212>'4!G'@9@!H*'3*+'D5!IJJPL!Q*'4-3R'5!
IJJSL!T8*')!3./!H*'3*+'D5!"#I#L!A'!Q)2++%)!3./!H*'3*+'D5!"#IK!L!$)>2++2'*5!"#IK!L!A'*%):!
'1!3+@!"#IUO5!/%.1!).'!/'4,*2(12%.!(+)4!/0132++0'!3!010!/%..0'!/3.4!,-3(21*'!(*0,0/'.1@!
V)*! +3! 729)*'!U@WP!4%.1! *'(%*10'4! +'4! ,%&(%4212%.4!/)!,-%./*'!01)/20!/3.4!,'! ,-3(21*'!
32.42! <)'! +'4! ,%&(%4212%.4! /'! ,'4! %8X'14! (*2&21274! '1! 2./2<)'.1! <)=2+4! (%44;/'.1! /'4!
,%&(%4212%.4! ,%&(3*38+'45! 4)((%*13.1! +=2/0'! <)=2+4! (')>'.1! *'(*04'.1'*! +'! &310*23)!
(*0,)*4')*!3)!,-%./*'@!

A'4!('1214!9*32.4!/?%+2>2.'5!<)2!/%&2.'.1!+3*9'&'.1!+3!&2.0*3+%92'!/'!,'!,-%./*'5!
4'&8+'.1! /%.,! C1*'! +'! *04)+131! /=).'! ,*2413++24312%.! 2.E421)! 4)84%+2/)4! /'! &310*23):!
2.2123+'&'.1!3&%*(-'4@!F3.4!+'!,-3(21*'!(*0,0/'.15!.%)4!3>%.4!0>%<)0!,'*132.'4!01)/'4!
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  Mg/Si Fe/Si S/Si 

Matrice LL3 0.51 0.93 0.02 

Bulk Chondre LL3 1.10 0.23 0.02 

Bulk LL3 0.93 0.34 0.11 

CI 1.03 0.87 0.44 
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Etude par microscopie électronique en transmission analytique de 
chondres non fondus et partiellement fondus dans les chondrites 
ordinaires primitives. 
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