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2ULJLQH GH PRQ SURMHW

JLOQVGBQQpPHV MH VRXKDLWH IDLUH GHV pWXGHV HQ 6FL
YROFWQOHW JODFLHUV HW SOXV SDUWLFXOLqQUHPHQW OHV 1
TXH WRXW VHPEOH RSSRVHU /HXU UHQFRQWUH HVW IDVFLQL
SRXU OHV YROFDQV VRXV JODFLDLUHV HW OHV PXOWLSOHV F
XQ H[SRVp VXU OH M|INXOKODXS HW OfpUXSWLRQ GH *MiOS

-DQYLHUGpSDUW SRXU VL[ PRLV GITpWXGHV j OY8QLYHUVLW
(UbPXV DYHF SRXU EXW LQDYRXp GH UHQGUH YLVLWH j FH Y
ODL MH SDVVH OD VRLUpH j UpYLVHU PHV FRXUV GH JpR
FRQVXOWDQW OH VLWH GH OY,02 ,FHODQGLF OHW 2IILFH HW
VRXV *UtPVY|WQ /H OHQGHPDLQ j OfDXEH FDS SOHLQ (VW G
SDVVpt9aBBUGDO OD 3URWHFWLRQ &LYLOH LVODQGDLVH EOR
MINXOKODXS SOXV j Of(VW 4XHOOH IUXVWUDWLRQ ,O HVW
SURPHWXKGEHU FH YROFDQ HW GH WHQWHU GH FRPSUHQGUH

8Q PRLVY SOXV WDUG WRXW MXVWH GH UHWRXU HQ )UDQFH M






SHPHUFLHPHQWYV

&H PDQXVFULW HVW OH IUXLW GH WURLV DQQpHV GH FROO
VRXYHQLUV QRPEUHXVHV VRQW OHV SHUVRQQHV DX[TXHOC

$LQVL PHV SUHPLQUHV SHQVpHV YRQW j PHV GLUHFWHXU
6LIPDUVVRQ O9RWUH GLVSRQLELOLWp YRV HQFRXUDJHPHQ
SRUWH] j FH VXMHW PYfRQW pWp GIXQH DLGH SUpFLHXVH

-H VRXKDLWH pJDOHPHQW UHPHUFLHU OHV PHPEUHV GH PR(
TXDOLWp GH PRQ WUDYDLO /D GLVFXVVLRQ TXL VIHQ HVW
VSpFLDOLWpV WUqV DSSUpFLDEOH

$X VHLQ GX /09 GH QRPEUHXVHV SHUVRQQHV RQW VLJQLILF
DQDO\WHVY GH PHV H[SPpULHQFHV RX j OD SUpSDUDWLRQ GH
FLWHU 1LFRODV &OX]HO -HDQ /XF 'HYLGDO &ODLUH )RQTXH

/H WHUUDLQ GDQV OD &KDVQH GHV 3X\V D pWp UpDOLVp H(¢
*XULROL 6LPRQH -RUGDQ HW 'LGLHU OLDOOLHU FH TXL D .
GpS{WV GH OfpUXSWLRQ GHV 3X\V GH /D 9DFKH HW /DVVROCL
OD SKDVH OD SOXV H[SORVLYH GH FHWWH pUXSWLRQ

-{DL HX OD FKDQFH GH IDLUH GX WHUUDLQ HQ ,VODQGH j SC
%HUJU~Q TODGYWWLU HW /RJL 20JHLUVVRQ -H SHQVH SRX)\
PFKDQWLOORQQHU DYHF OHV PR\HQV GX ERUG HW TXTXQH
HQ XQ RXWLO WUQqV SUDWLTXH

7RXW QDWXUHOOHPHQW MH PH GRLV GH UHRROBLHID PHYDF
IQFHQW -XOLHWWH &RUHQWLQ /\GLH ODULQH $QJpOLH
ODWKLDV ODULH $QQH 9DOHQWLQ ) HW * *LR OpOR 6LOYlL
SDVVDJH

8QH SHQVpPH pJDOHPHQW SRXU WRXV OHV FORS B L QWD G&XX U\ HE \
1LFR $SEHQGDQQRQ 3DXOR OD 5RXJQH OD 7LTXH 6XDUH] 1
OBPXHXJQH &KRXFKRX O9LQFHQW +XJR $OH[LV /DXUHQW H
“HDQ ILGqOH FROOQgJXH VXSSRUWHU XQ MRXU LOV \ DUULY

8Q JUDQG PHUFL j OD %LELFKH 7HDP $QWKR 7RPWRP ODW
SRWHV SRXU IDLUH GHV SXLWV GDQV OHV VFRULHV 9LYHPL
PHUFL j PD IDPLOOH SRXU VRQ VRXWLHQ HW HQ SDUWLFXOL
HW VDYRXUp 'H PrPH MH UHPHUFLH $PDQGLQH SDUFH TXYD

-H SUpVHQWH PHV H[FXVHV j FHOOHV HW FHX[ TXH MY{DL RXE

H GpGLH FHV WUDYDX[ j XQH SHUVRQQH FKqUH TXL PYD SU
PRQ WRQWRQ $GULHQ
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Introduction



SUpDPEXOH

&HWWH WKqVH D pWp ILQDQFpH SDU OD 5pJLRQ $XYHUJQH
FDXVHV GH OYH[SORVLYLWp GHV PDJPDV EDVDOWLTXHV HW
/IDERUDWRLUH 0DJPDV HW 9ROFDQV 9ROFDQRORJLH 3pwL
SURMHWXQ@PW (WXGH GHV FDXVHV GH OTH[SORVLYLWp G
DQGP VXMW HVSRQVDEOHYV 2 5RFKH HW ' /DSRUWH D pWw
(QYLURQQHPHQW GX &RQWUDW GH 30DQ (WDW 5pJLRQ &3(5

&HWXMHW D SRXU FLEOHV SUppWDEOLHV GHV YROFDQV HQ
SDUWLFXOLqQUHPHQW *UtPVY|WQ HW /D 9DFKH /DVVRODV F
YROFDQV © EDVLTXHV 2 GH OD &KDvQH GHV 3X\V SDU VRQ F



, QW UR GR®

/ID PDMRULWpP GHV pUXSWLRQV EDVDOWLTXHV GRQW OH SX
GIDHMBWLO VIDILW GIpUXSWLRQV OH SOXV VRXYHQW HIIXVL
FRXOpHV GH ODYH IOXLGHV VIpFRXOHQW GHV IODQFV GX YF
DX[ LQIRUPDWLRQV QDWLRQDOHY DYHF OHV pUXSWLRQV G
JUDQFH /HV pUXSWLRQV EDVDOWLTXHY SHXYHQW pJDOHPH:
RFpDQLTXHV Re VH FRQFHQWUHQW OD PDMRULWpP GHV YROF
DpULHQQH RX VRXV PDULQH HVW H[SORVLYH LO HVW FRP
LQWHUDFWLRQ DYHF GH OfHDX QDS SHD3 PDHRYEHVM j GQ UK
GIXQH DFWLYLWp GH W\SH SKUpDWRPDJPDWLTXH ,0 H[L\
JODFLDLUHV SRXU OHVTXHOV OJH[SORVLYLWp GH OfpUXSW
HQWUH OYHDX GX JODFLHU HW OH PDJPD

2Q SHXW GLVWLQJXHU GLIIpUHQWY VW\OHV GTpUXSWLRQ
SKUpDWRPDJPDWLTXHYV HQ IRQFWLRQ GH OHXU GHJUp Gf
IRQWDLQEVHGHUXSWLRQV KDZDLLHQQHV HW pUXSWLRQV V
FURLVVDQW GYH[SORVLYLWp /IHV pUXSWLRQV EDVDOWL
VWURPEROLHQQHVY HW IRQWDLQHYV GH ODYH RQW pWp IUpT
DX .LODXHD +DZDLL RX Dhes &WptioRsPsEdROdienn8 BROQNWLW XHQW
FDWpJRULH OD SOXV FRXUDQWH GTpUXSWLRQ EDVDOWLTXH
GLVFRQWLQXH VRXV IRUPH GH ODPEHDX[ GH ODYH HQ IXVL
WUDMHWQ@ GH FHVY PDJPDV HVW VXIILVDPPHQW ORQJ SRXU
VIDFFXPXOHQW DORUV VXU OH IODQF GX YROFDQ HW VRQV
ODPEHDX[ HQFRUH OLTXLGHYV SHXYHQW DOLPHQWHU XQH FI
FRUUHVSRQGHQW j OfDVFHQVLRQ SpULRGLTXH GH SRFKHYV
HW OLpH j OD JpRPpWULH GX FRQGXLW 2Q REVHUYH SDUIRLI
TXL VXJIJqUH XQH VpSDUDWLRQ SUp pUXSWLYH HLeEFDFH G.
fontaines de laveVRQW SOXV UDUHV OHV SURGXLWYV pPLV VRQW GI
HW GH PDJPD IUDJPHQWpPp (OOHV SHXYHQW GXUHU TXHOTXH

P GYDOWLWXGH S H[ (WQD $OSDURQH HW DO &H
wWuUDQHHIDNY HW GH PDJPD VLPXOWDQp VRLW GTXQ WUDQVII
VH WVIH.W DFFXPXOpH HQ SURIRQGHXU DYDQW OfpUXSWLEF
H[S OR VLY H ¥rupddhShasaidl®s pliniennes ou sub-pliniennesRQW pWp SHX pWX
MXVTXYj PDLQWHQDQW HW VRQW PDO FRPSULVHV &THVW S
: L OBDR.V RX GHV pUXSWLRQV GX *UtPVY|WQ ,VODQGH
JODFLDLUH 1HDYH HW DO

OrPH OHV YROFDQV UpSXWpV SRXU OHXUV PDJQLILTXHV ER
+DZDLL S H[ 'YRUDN SHXYHQW GRQQHU OLHX j GH
H[SORVLYHV \ FRPSULV HQ OYDEVHQFH GJLQWHUDEWLRQV
PUXSWLRQV IRUWHPHQW H[SORVLYHV GH EDVDOWH RX GF
IRUPDWLRQ GH QXDJHV GH FHQGUHV WUQV LPSRUWDQW)
S\URFODVWLTXHV WUQV PRELOHV 'HV H[HPSOHV VSHEWDE
DQFLHQQHV GH Of(WQD HQ 6LFLOH &ROWHOOL HW DO

1LEDUDJXD :LOOLDPYV 'HKUPDQQ HW DO &RVWD (
$ODVIRIMJ HW /DUVHQ &HUWDLQV YROFDQV GH OD &KDVQ
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HWYVRODV RQW pJDOHPHQW SURGXLW GHV pUXSWLRQV HJ
GHV PDJPDV GH FRPSRVLWLRQ EDVDOWLTXH j EDVDOWLTXH
30XVLHXUV K\SRWKqVHV RQW pWp SURSRVpHV SRXU H[SOLT

&DVVLTXHPHQW OHV PDJPDV EDVDOWLTXHV VRQW GLW
PDJPDV SOXV pYROXpV S H[ 'HYLQH BWRWOH H[SOBNDUYER
FHUWDLQHY pUXSWLRQV SRXUUDLW SURYHQLU GTXQH ULF/!
PDJPD 2+&2 VXUWRXW VL FHWWH ULFKHVVH HQ YRODWLO\)\
GIDVFHQVLRQ PDJPDWLTXH TXL QH ODLVVH SDV OH WHPS\
SURIRQGHXU FDV GX ODVD\D FLWp FL GHVVXYV

8QH IRUWH WHQHXU HQ PLFUROLWHYV FULVWDX[ P
FRQVLGpUDEOHPHQW OD YLVFRVLWp GX PDJPD HW IDYRULYV
VL OD WHQHXU HQ YRODWLOV GLVVRXV HVW pOHYpH

'"I{DXWUHV VFpQDULRV SHXYHQW rWUH HQYLVDJpHV SDU
DX VHLQ GX V\WVWgPH PDJPDWLTXH TXL SRXUUDLHQW rWUH
XQHWRUH[SORVLYLWp j FHUWDLQHV pUXSWLRQV /D JpRPp
GIDOLWHRWPDJIJPDWLTXH SRXUUDLW DXVVL DYRLU XQH LQI
PUXSWLRQV GH PrPH TXH OD SURIRQGHXU GHV UpVHUYRLU\

4XHO TWHOHRPRGgOH UHWHQX LO DSSDUDVW TXH OHV TXDQ
GH OfHI[VROXWLRQ GHV YRODWYWHJIJOHDDHDE R MQV W\PMHgR M Y1
XQ U{OH SULPRUGLDO GDQV OH FRQWU{OH GH OfH[SORVLYL
pOpPHQWY YRODWLOV GLVVRXV HVW XQH GHV IRUFHV PRWU
DXJPHQWDQW WUqV IRUWHPHQW OH YROXPH GX V\VWqQPH PC
GHV EXKOKMWOOH SURYRTXH XQH DFFpOpUDWLRQ LPSRUWDQW
IHV TXDQWLWpV GH YRODWLOV LQLWLDOHPHQW GLVVRXV G|
JD] GX PDJPD SURFKH GH OD VXUIDFH SURFHVVXV GH FR

OTH[SORVLYLWpP GH OfpUXSWLRQ S H[ :LOVRQ :LOVRQG
5RIOWDEN HW DO &DVKPDQ ITH[VROXWLRQ GH FHYV
HQWWqPH IHUPp RX RXYHUW S H[ -DXSDUW 'DQV OH SU

GHPHXUH FRQILQpH DYHF OH PDJPD FH TXL JpQqUH XQH DX.
HW VH WUDGXLW HQ VXUIDFH SDU XQH pUXSWLRQ GH QDV
ODYH RX VWURPEROLHQ SRXU OHV PDJPDV EDVDOWLTXHV
SHXYHPWKDSSHU HW OHV pUXSWLRQV EDVDOWLTXHV VRQW
HQ SODFH GH FRXOpHV GH ODYH

3RXU FRPSUHQGUH OH YROFDQLVPH EDVDOWLTXH H[SORVLI
OYH[SORVLYLWp GHV YROFDQV j PDJPDW EPMIXAWLUTURHV DBY
UHFKHUFKH OD VLPXODWLRQ H[SpPULPHQWDOH HQ OD
EDMOAWYV OD FDUDFWpULVDWLRQ FKLPLTXH PLQpPUDORJ
QDWXUHWY OD PRGpOLVDWLRQ GH OD UKpRORJLH GHV PD
DRV HW FL GHVVXV FDU HOOH VY{DSSXLH j OD IRLV VXU
EDMOGWY H[SORVLYHV \ FRPSULV O XVGSHHYXEWBICPLHQ W D O
FRPSRVLWLRQ EDVDOWLTXH j OfpTXLOLEUH HW HQ FRQWI
PDIJPDWLTXH (Q FH TXL FRQFHUQH OYpWXGH GHV SURGXLW
PDJPDV DOLPHQWDQW GHV pUXSWLRQV H[SORVLYHV EDVDO)
WHQ®XUWUDH GLVVRXV HW OHXUV SUHVVLRQV HW WHPSpUDW
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LQIRUPDWLHRQ S WMVUMLRBSp UIHWMXWHWYHXUV HQ HDX GH QRPE!
WKHUPRPqWUHY HW K\JURPQWUHV VRQW GLVSRQLEOHV S |
EDVDOWLTXHV 304% HSXO/HIPY WM HM HVYWLPpV SDU OHV WKHUP
VXU OfpTXLOLEUH FOLQRS\UR[gQH OLTXLGH S H[ 3XWL!
FOLQRS\UR[qQH OLTXLGH RQ GLVSRVH GH GHX[ FDQGLGDW)
FRWSRQG DX OLTXLGH PHOMADWRWEKH SpHXMpUHSUPpVHQWHU
PDJPPPLV SRXU XQH pUXSWLRQ EDVDOWLTXH H[SORVLYH S
OV LQFOXVLRQV PDJPDWLTXHV FYHVW j GLUH GH SHWLWE
OLTXL®M\SDDPXd FRXUV GH OD FURLVVDQFH GHV FULVWDX[ GI
PRLQV SURIRQG &HV LQFOXVLRQV SHXYHQW VL HOOHV QH
SLpJHDFRQVHUYHU OD FRPSRVLWLRQ HQ pOpPHQWY PDMHX!I
PUXSWLI S H[ $QGHUVRQ IRZHQVWHUQ OPMWULFK |
FRPIRWLRQV HW FHOOHV GHV FULVWDX[ K{WHV3H®WGH/W SR\
OMTXLOLEUH FOLQRS\UR[gQH OLTXLGH GDQV OH UpVHUYRLU
FRQVPTXHQW OHV LQFOXVLRQV PDJPDWLTXHV OHV SODJHV
SULQFLSDOHPHQW VRQW OHV SULQFLSDX[ REMHWYV GfpWX
SRXU HVVBLIPIWN®TPHYLOLEUH HQWUH OH FULVWDO HW VRQ LG
PDWULFLHO HW GIDXWUH SDUW SRXU TXDQWLILHU OHV p
GRQQpH HQ FDOFXODQW OD GLIIpUHQFH HQWUH OHV FRQFF
GDQV OHV LQFOXVLRQV HW OHV FRQFHQWUDWLRQV GDQV C

&HVR@QWW OLPLWDWLRQV LQKPpUHQWHY j OTXWLOLVDWLRQ GH
3XWLUND TXL RQW PRWLYp OH YROHW H[SPULPHQWTL
WKHUPREDURPQWUHV VRQW FRQVWUXLWY j SDUWLU GYIXQH
GDQV OH GRPDLQH GHV EDXY3HVTRUHMHMMREUMWLTXH SRXU
YROFDQRORJLTXHV 3DU H[HPSOH OH GRPDLQH FUXVWDO
FRUUHVSRQG j GHV SUHVVLRQON DHRQOYDRQWQMXWH{j.DEDQ HW
% RLYWMD DO 8QH GHX[LJPH OLPLWDWLRQ HVW OLpPH |
FOL@WR$GQH HW GX OLTXLGH DX FRXUV GH OYJDVFHQVLRQ
FOLWR$GQH OLTXLGH HVW FRQVHUYp DX FRXUV GH OYDVFH
UpPPIXQH pWXGH H[SpPULPHQWDOH FRP S B H@P RV &/PXQMHHYDIJ
HVWLPHU OD SUpFLVLRQ GHV WKHUPREDURPQWUHV GH 3XWL
GpFRPSUHVVLRQ SRXU VLPXOHU OYDVFHQVLRQ PDJPDWLTX!
FOLQRS\UR[qQH OLTXLGH

&HWWH WKgVH VIDUWLFXOH DXWRXU GHV FKDSLWUHV VXLY

/IH &KDSLWUH , HVW XQH pWXGH FRPSDUDWLYH GH TXD\
YROFDQ *UtPVY|WQ GHX[ GH W\SH SKUpDWRPDJPDWLTX
GHDEFFXOV WKHUPREDURPpWULTXHYVY HW GHV ELODQV G
WHQHXUV HQ pOpPHQWY YRODWLOV GDQV OHV LQFOX
PDWULFLHOV

/IH &KDSLWXIHXWLOLVH OD PrPH PpWKRGRORJLH TXH OH
] OD SKDVH VXESOLQLHQQH GH OfpUXSWLRQ GHV 3X\V C
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/H&KDSLWUH ,,, HVYW XQH pWXGH H[SPpULPHQWDOH TXL V'
HW WKHUPRPgQWUHY FOLQRS\UR[gQH OLTXLGH HW j OD
FOLQRS\UR[qQH OLTXLGH

/ID SDUWLH PpWKRGRORJLTXH VXU OHV LQHOXWMILVRKRGPANJP I
HPSOR\pHVY SRXU OHV FDUDFWpULVHU HVW SUpVHQWpPH HQ I
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CHAPITRE I: Grimsvotn
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1. Grimsvotn

1.1Le systéme volcanique de Grimsvotn

1.1.1 Contexte géologigue

‘'H OfLQWHUDFWLRQ HQWUH OH SRLQW FKDXG ,vODQGDLV H
6XU OfvOH FHOD VH PDQLIHVWH

YROFDQLTXH LVODQGDLVH

FRQVWLWXpH GH V\WVWQPHV YROFDQLTXHV LQGLYLGXHOV VI
6 PXQGVVRQ

YROFDQ FHQWUDO GX V\VWgPH YROFDQLTXH GX PrPH QRP

FKDXG GYf,VODQGH VXU OD GRUVDOH $WODQWLTXH 1RUG HW
&HWWH GHUQLqU

HVVDLP GH ILVVXUHYV

=RQH 9ROFDQLTXH

(LQDUVVRQ

—>

O
1 %iUSDUEXA

*UtPVY|WQ

QRUG GH OD (VW (9=
WDQGLV TXH OTH[WUpPLWp VXG HYV8 R@QOW RHD IRUPDWYGRPYQS

.\o
& A *UtPVYIW(
o
N q,°°
) X
Q7 o(\\ A /DNL
+HNA AO\O
X
Q)
0
A pwobD

2FpDQ $WODOQ\
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)LIXUH >SDJH SUpFpGHQWH@ &DUWH VFKpPDWLTXH VLPSC
GWY SULQFLSDX[ V\VWgPHV YROFDQLTXHV OHV YROFDQV pYF
EDVDOWHYVY TXL OHXUV VRQW DVVRFLpV

(Q UDLVRQ GH OfDFFHVVLELOLWp GLUHFWH GX ULIW PpGLR |
OH FRPSRUWHPHQW pUXSWLI GH OD GRUVDOH /fpFDUWHPHC
FP SDU DQ +UHLQVGYWWLU HW DO H[ %WBHE|LVQON RIQIWLQJ6HN
HWLHEHUW (Q IDLVDQW OfK\SRWKqVH TXH OD SURGXFW
OHV pUXSWLRQV VRQW GHV pYgQHPHQWYV G IMWGH MROXPIB LGPIX (
PDJPD QpFHVVDLUH SRXU SHUPHWWUH OD FRQVWUXFWLRQ C
OD IUpTXHQFH GHV pUXSWLRQV HQ ,VODQGH PRQWUH TXt
WHPSRUHOOHPHQW GH FAD@LJYBOBOMRQPHW SDO /DUV
{ODGYWWLU HW DO 3DU FRQVPTXHQW XQ FRQWLQ.
GH PDJPD HVW SpULRGLTXH VRLW VRQQ® VWIRFMND B W KB R
VHLQ GH V\VWqPHV HW RX GH FKDPEUHV PDJPDWLTXHV

$X FRXUV GH OD SpULRGH KLVWRULTXH OHV GHUQLHUV
RQW HX OLHX HQ ,VODQGHHW® PKQGNRBMULQVVRIKRUGDUVRQ HW
'XUDQW FHWWH SpULRGH OH V\WWgPH YROFDQLTXH GX
GH GHV pUXSWLRQV FRQILUPpHWDHQY HZODQGH/H 7KHRBPGD|U
SUpVHQWH XQH DFWLYRWYHR\RONTXE S fODGYWWLU L

HW

YLIXUH JUpTXHQFH GHV pUXSWLRQV GX V\VWqPH YROFDQLTX!
PRGLILpPH GfDSUQV /DUVHQ HW DO /JHV GRQQpPHV VXJJo
HW $' HW $' DLQVL TXH FLQT SLFV GIDFWLYLW
j DQV )LUHV FRUUHVSRQG j OfpUXSWLRQ GX /DNL /HV
DX[ pUXSWLRQV pWXGLpHV GDQV FH PpPRLUH |j VDYRLU EFHC
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2Q UHPDUTXH TXH OH V\WVWgPH YROFDQLTXH GX *UtPVY|WQ
SXOVpH DYHF GHV SpULRGHV GITDFFDOPLH SRXYDQW GXUHL
IRUWH DFWLYLWp GH GXUpH VLPLODLUH 8QH SpULRGLFLWp

/IDUVHQ HW DO $FWXHOOHPHQW *UtPVY|WQ SRXUUDL
IRUWH DFWLYLWp FRPPHQFp DYHF OfpUXSWLRQ GX *MiOS
FDOGHLUD GX *UtPVY|WQ 6LJPDUVVRQ HW DO VXLYLH

IHVA\VWgPH YROFDQLTXH GX *UtPVY|WQ *96 VJ{pWHQG VXU
ODUJH SRXU XQH VXUIDFH WRWDOH GTHQYLURQ NP3 /H
OfHVVDLP GH ILVVXUHV VRQW VRXV JODFLDLUHV S HJ
6 PXQGVVRQ /H YROFDQ FHQWUDO VLgJH GHMKXQH LQV
%M QVVRQEJ~VWVIEWU\T QW OH \ HVW j OTRULJLQH GYTXQH

NPW SURIRQGH GH Pj OD VXUIDFH GH OD FDORWWH
GHUQLQUH *UtPVY|WQ HVW XQH FDOGHUD FRPSRVLWH GH S
GLVWLQFWHV OHV FDOGHUDV 1RUG (VW HW 6XG OD GHU
)LJ $X VHLQ GH FHWWH FDOGHUD FRPSRVLWH VH WURXY
GH IRQWH UpVXOWDQW GH OJDFWLYLWp JpRWKHUPDOH VDI
SDU OD GpSUHVVLRQ SUpFpGHPPHQW pYRTXpH HW SDU XQ p
HQ GLUHFWLRQ GH OD GpSUHVVLRQ

1.1.2 Eruptions etsystéme volcanigue

(UXSWLRQV GX YROFDQ FHQWUDO

/D PDMRULWpP GHV pUXSWLRQV KLVWRULTXHV GX *96 VH VR
SOXV SDUWLFXOLgQUHPHQW OH ORQJ GTXQH IDLOOH (VW 2XH
ORQJ GH FHWWH GHUQLQUH TXH OHV pUXSWLRQV OHV SOXV

HW &HV pUXSWLRQV VRQW WRXMRXUV H[SORVLYHV
OfHDX JODFH HW OH PDJPD * PUXSWLRQ SKUpDWRPDJPC
WHQHXU HQ JD] * SOLQLHQQH +DGGDGL HW DO I+
JpQPUDOHPHQW PRLQV GYXQH VHPDLQH
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IHV pUXSWLRQV OHV 9§0OX¥ IBpGXHQWBF¥FDQ FHQWUDO VRC(
SKUpDWRPDJPDWLTXH HW QH GRLYHQW OHXU H[SORVLYLWp
JODFLDLUH DX VHLQ GH OD FDOGHLUD HW DX[ UpDFWLRQV
HDX JODFLDLUH HW PDJPD OLTXLGH /IHV FRORQQHV pU;
KXUpDWRPDJIPDWLTXHV QH GpSDVVHQW SDV GHNOWLWXGS F
GHPHXUHQW HVVHQWLHOOHPHQW WURSRVSKpULTXHV SUpY

7RXWHIRLY SpULRGLTXHPHQW HQYLURQ@H®RXM ORW DQV
OLHN * * PPHWWDQW XQ RUGUH GH JUDQGHXU GH S
FODVVLTXHV &HV pUXSWLRQV ELHQ SOXV YLROHQWHV WU
WRXW DXVVL YLWH FH TXL D WHQGDQFH j IRUWHPHQW GLP
OfJH[SORVLYLWp HVW PDLQWHQXH 'qV ORUV OH FDUDFW{
FRPSRVLWLRQ SDUWLFXOLqUH GX PDJPD LPSOLTXp 'H SOXV
FDU HOOHV IUDQFKLVVHQW DLVpPHQW OD WURSRSDXVH VL
SURGXLWYV HQWUHQW DORUV GDQV OD WURSRVSKqUH FH
DIIHFWpHV SDU FH W\SH GTpUXSWLRQ $LQVL OfpUXSWLRQ
FRXUV GHV SUHPLQUHV K 3HWHUVHQ HW DO HW OH
OH 5R\DXPH 8QL HW PrPH OJREVHUYDWRLUH GX 3X\ GH '{PH

(UXSWLRQV ILVVXUDOHYV

/HV pUXSWLRQV VH GpURXODQW VXU OfHVVDLP GH ILVVXUH
YROFDQLTXH QfpWDQW TXH SDUWLHOOHPHQW VRXV JODFLD
WRWDOHPHQW DpULHQQHV &H IXW OH FDV SRXU OfpUXSWLI
SRXU H[HPSOH OH SOXV UpFHQW *MiOS HQ /HV pUXSWL
SHXYHQW IRUPHU GYLPPHQVHV FKDPSV GH ODYH FRPPH F
K\DORFODVWLWHY FDV GH OJpUXSWLRQ GH *MiOS *XGPXQ
FRUUHVSRQG j OfRXYHUWXUH GTXQH ILVVXUH GH NP GH
*UtPVY|WQ HW %iUGDUEXQJD *XGPXQGVVRQ HW DO

GH KHXUHV SRXU WUDQVSHUFHU OH JODFLHU GXUD GHX]
XQH TXLQ]DLQH GH MRXUV DSUQV OD ILQ GH OfpUXSWLRQ

1/H YROXRRVH URFNRAHTELFROMBWSRQG DX YROXPH GH PDJPD pPl
GHVLFXWOHYVY LO HVW GRQF LQIpULHXU DX YROXPH WRWDO GH WH
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/TfPUXSWLRQ GX /DNL GXUD KXLW PRLV HW VH GpUR X
IWXUHV ,0 VIDJLW GH OfpUXSWLRQ PDMHXUH GX *96 DX FR
FRPSOH[LWp FHWWH pUXSWLRQ D pWp HW[HWWUHBKRHWW DS

6LIPDUVVR@KRUGDUVRQ HMRBRHW®DUVRQ HW DO %L Q

HDYH HW RBWWH pUXSWLRQ PDMHXUH HVW TXDOLILpH ¢
HW FRUUHVSRQG j OTRXYHUWXUH GTXQH ILVVXUH GH NP C
GLVWLQJXHQW GH SOXV ORQJXHV SpULRGHV HVVHQWLHOOH
pPPLVVLRQV GH JD] YWR/GKD®LERHNVW G pIXWYHQW WHOOHV TXTHC
SRSXODWLRQ LVODQGDLVH HW SOXV GH OD PRLWLp GX EpW
UpFROWHY OfKHUEH FRQWDPLQpH SDU OHV GXELYPRLQXRU|
GYDPSOHXU QDWLRQDOH (Q HIIHW SHQGDQW SUQqV GH FL
GIWIONXGH DYHF GHV SLFV | NP FH TXL OXL SHUPLW GH ¢
OD VWUDWRVSKgqUH HW GYDIIHFWHU OfKpPLVSKqUH 1RUG 't
PR\HQQH DQRUPDOHPHQW IDLEQH V@ FKHHDUHIMWH MDD VQEBEWp ¥R
GHV UpSHUFXVVLRQV JOREDOHV TXfD SX DYRLU FHWWH pUX
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1.1.3 Grimsvotn etles jpkulhlaups

/IHV M|NXOKODXSV RX GpEkFOHV JODFLDLUHV JpQpUpV SDI
EUgYH HW YLROHQWH G{XQH TXDQWLWp FRORVVDOH G{XQ
ORUVTXH GHV ODFV VRXV JODFLDLUHV RX FKDXGURQV VH U
SDUFRXULU GH JUDQGHV GLVWDQFHV VH FKDUJHU GHV SUFR
YLROHPPHQW DX QLYHDX GH GLIIpUHQWHY ODQJXHV JODFLI
VHPKRDWLTXHPHQW OfLQVWDELOLWpPp GX ODF GX *UtPVY|WQ

Y)LIXUH 6FKpPDV GHV GHX[ SULQFLSDX[ W\SHV GH ODFV
M | NOOD X S D XQ ODF VWDEOH HW E XQ ODF LQVWDEOH '

/H ODF VRXV JODFLDLUH GX *UtPVY|WQ HVW OH SOXV JUDQ
FDWDVWURSKLTXHY VD SODLQH GILQRQGDWLRQ SULQFLSE
XQH PRUSKRORJLH PDUTXpH SDU OHV DVVDXWV UpSpWpV Gt
GX ODF V{pOqYH GH P SDU DQ 8Q M|NXOKODXS VH GpF
GX ODF HVW PRQWp GH P &HW pYgQQHPHQW VH SURGXIL
YDULHU GH TXHOTXHV MRXUV j XQ PRLV %M|UQVVRQ

/IH OLHQ HQWUH M|NXOKODXS HW pUXSWLRQ QYfHVW SDV H[S
XQ M|NXOKODXS * WDQGLV TXH GIDXWUHYV VRQW OD FDX
OTpUXSWLRQ GHPHXUH VRXV JODFLDLUH WUQqV ORQJWHPS\
HQYLURQQDQWH D OH WHPSV GH IRQGUH HW SHXW r'WUH VWI
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&H ODF HVW LQVWDEOH FDU GpOLPLWpP SDU GHV PXUV GH JC
OH YROXPH FRORVVDO GH JODFH IRQGHWW SBUGH\EIOS BIVYVRFL
GH P &HFL HQ D IDLW OH GHX[LqPH IOHXYH DX SOXV IRU
DYHF SOXV GH IRLV OH GpELW PR\HQ GX 5K{QH j %HDXFDL
PRLQV GH WHPSV j WUDYHUVHU OD JODFH WHOOH TXH FHC
PRLQV GH JODFH /f{HDX GH IRQWH V{DFEXPXOH PDOJUp
JPQPUDOHPHQW SDV GH GpEKFOH JODFLDLUH FDU OD JODEH
GDQV OH ODF DX VHLQ GH OD FDOGHLUD QH SRXYDQW GRC(
V\VWgPH PDJPDWLTXH VXSHUILFLHO GX YROFDQ &H QYHVW
SHXW LQLWLHU XQH pUXSWLRQ HQ UDLVRQ GH OD OLEpUDWL
DFFXPXOpH GDQV OH ODF

1.1.4 Systéme magmatigue

/H YROFDQ FHQWUDO

'H QDWXUH P\WVWpULHXVH HQ UDLVRQ GH VRQ LQDFFHVVLEL
VXMHWWH j SOXVLHXUV pWXGHV JpRSK\WLTXHV WHOOHV T)
*XGPXQGVVRQ HW OLOVRP *XGPXQGVVRQ HW +|JQDC
WRRPISKLH VLVPLTXH $OIDUR HW DO RQW REVHUYp
SURSDJHQW SOXV OHQWHPHQW FH TXL VXJJQUH OD SUpVHC
VLOO GYHQYLURQ NP G{pSDLVVHXU HW SRXYDQW DWWHLQ
YROXPH GTHQYIHM @RQMWPOH WRLW VH WURXYHUDLW NP HQ
yLJ *XGPXQGVVRQ HW OLOVRP VXJIJQUHQW XQH FKI
NP GH SURIRQGHXU SURIRQGHXU j ODTXHOOH OH FRQWUDYV
VHUDLW QXO
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)LIXUH $ JIDXFKH XQH FDUWH GH OD VXUIDFH ORFDOLVI
Fo®UD GX *UtPVY|WQ +UHLQVGYWWLU HW DO /IH WULD
VLVPLTXH GX *UtPVY|WQ *)80 /D OLIJQH QRLUH HQ SRLQWLO
OD FRXSH (VW 2XHVW GH OD FDOGHLUD GX *UtPVY|WQ | GU
DO HW PHW HQ pYLGHQFH OD SUREDELOLWp GTXQ FRU
IRQFPp ‘THQYLUeMH WNRXYHUDLW DX FHQWUH GX WRLW GT
EHBRXS SOXV JUDQGH GLPHQVLRQ /D SURSRUWLRQ GH OLT
IRQGXH GLPLQXHUDLW MXVTXYT] GHYHQLU QXOOH j VD EDVH

/D FRQWULEXWLRQ GHV pWXGHV *36 j OfpWXGH GX V\VWqP
PDMHXUH HOOH FRUUHVSRQG HQ SDUWLFXOLHU j XQ VX
PUXSWLYHV GHV pUXSWLRQV GH HW $LQVL GHYV
XQ VRXOqYHPHQW DYDQW OfpUXSWLRQ GH VXLYL GTXQH
FKXWH GH SUHVVLRQ GDQV OD FKDPEUH PDJPDWLTXH K\SR\
HQ HVW GH PrPH SRXU OHV pUXSWLRQV GH BWXUNHOO |
OHV GpIRUPDWLRQV DVVRFLpHV | * D\DQW SX rWUH F
IDORQ FRQWLQXH /HXU LQYHUVLRQ D SHUPLV GYHVWLPHU
PRLQV SURIRQG j HQYLURQ NP +UHLQVGYWWLU HW DO
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YLIXUH 'DSODFHPHQWY GDQV OHV WURLV GLPHQVLRQV Gt
/JHVWWLUHWY URXJHV LQGLTXHQW OHV pUXSWLRQV GH *UtPVY
WUDGXLW XQ VRXOqYHPHQW VXLYL GT{XQH VXEVLGHQFH D\
FKDPEUH PDJPDWLTXH VXSHUILFLHOOH GXH j OfpUXSWLRQ *
SRXU OHV pUXSWLRQV GH HW GH /HV SODWHDX[ HC
FRUUHVSRQGHQW j OJDFFXPXODWLRQ QHLJHXVH HQ SpULRG
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GH 6Q3XWHLQVGYWWLU HW pWDLW GLVSRQLEOH OH MXLOO
6FLHQFHV RI ,FHODQG KWWS VWURNNXU UDXQYLV KL LV

%DVpH VXU FH PRGqOH GTLQIODWLRQ LQWHU pUXSWLYH DVV
SOXV RX PRLQV H[DFWH GHV pUXSWLRQV GX YROFDQ FHQWU
FKDPEUH PDJPDWLTXH VXSHUILFLHOOH HQUHJLVWUH XQH
PHVXUpH HQ VXUIDFH DWWHLQGUDLW XQ FHUWDLQ VHXLO

UpVHUYRLU VXSHUILFLHO TXH SXLVVH VXSSRUWHU XQH FU
FKDPEUH VH ILVVXUHUDLW FH TXL LQLWLHUDLW XQH pUXSWI
OHV VHXLOV GH UXSWXUH VRQW GLIIpUHQWY SRXU OHV WUF

I MTHVVDLP GH ILVVXUHV

8QH GHV SOXV LPSRUWDQWHYV pUXSWLRQ®Y KENW®RH LGXHDNH\

SH[ OpWULFK HWKOWGDUVRQ HW DO 7TKRUGDUVR
SURQW GX V\VWgPH YROFDQLTXH GX *UtPVY|WQ ,0 VIDJLW
OLHX VXU OD SDUWLH DpULHQQH GX *356 GHHOWH S\KH 5 p-AR RS R
GBDYH /D ILJXUH E SUpVHQWH XQ GHV PpFDQLVPHV SRVVLE
PDHWX U H

JLIXUH  >SDJHHBANSIMIEWSHHEX [ VIVWGPHY YROFDQLTXHV HQ ,\

a) Systemes volcaniques et zones volcaniques en Islande de Jéhannesson et Seemundsson
(1998). 5SH\NMDQHV O9ROFDQLBH\NRMMPHHHV+6YDUWVHQJL

%UHQQLVWH V@V BNR|GFD Q L F+ H@ILKD O +URPXQGDUWLQG XU
*H\V LU 3UHVWDKQMXNYWG ,FHODQIM|BMR®OW M|NXOO
7XQJQDIHO@MMN NDRDFEDQLFIHRWRDQQDH\MDU (\MDIMDOOTL
7LQGIM|0O0O 9DWQBN]DO 7RUIDM|NXOO %iUueDU
*UtPVY|MRUWK 9ROFDQLFYHR®HV|OO $VNMD JUHPULQE
EHLVWRQUHDMYPN XOO 9RO F D@ BDYHOXD O (VMXIM|OO
6Q IHOOVQHYV 9RO FMR KR | Kb|HIDW +HOJULQG XU 6Q IHOO
GLVFRQWLQX LQGLTXH OD ORFDOLVDWLRQ DSSUR[LPDWLYH
VHORQ :ROIH HW DO /HV OLJQHV HQ SRLQWLOOpV Gp

JRQH YROFDQLTXH HVW (9= WDQGLV TXH OD OLJQH KDFKXU
DFWLIV HW HQ SURSDJDWLRQ GH OD ]JRQH GH ULIW

b) 3ULQFLSDOHV VWUXFWXUHV GHXGSDQQHDXP H/ XYFQEBDRUT X3H.
VWUXFWXUHV SULQFLSDOHV FDUDFWpPULVWLTXHV G{XQ V\V
UpVHUYRLU PDJPDWLTXH F FKDPEUH PDJPDWLTXH FUXVW
FHQWUDO IV HVVDLP GH ILVVXUHV IH pUXSWLRQ ILVVXU
ORQJLWXGLQDOH GfXQ V\WWgPH YROFDQLTXH HQ GpFULYD
YHUWLFDO j SDUWLU GIXQ UpVHUYRLU PDJPDWLTXH )LJXUH
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1.1.5 Les quatre éruptions étudiées

'"HX[ GTHQWUH HOOHV FHOOHV GH HW VRQW SDUPL
GH OD SpULRGH KLVWRULTXH WDQGLVY TXH OHV GHX[ DXWUl
YROFDQ FHQWUDO GH *UtPVY|WQ

/IHV pUXSWLRQV SKUpDWRPDJPDWLTXHV GH HW

IMTpPUXSWLRQ GH GX *UtPVY|WQ pFKDQWLOORQ * FRPPF
TXHOTXHV MRXUV DYHF XQ 9(, LQGLFH GYfH[SORVLYLWp YRC
FRPPHQoD | K"8YRYBREUH HW GXUD FLQT MRXUV DYHF XQ
DX VHLQ GX OREH 6XG GH OD HIOKMLXDHFREXBWLMIEY JKUpI
EDVDOWLTXH DYHF XQ UpJLPH GIDFWLYLWp SXOVp GIDSUQ’

ITfpUXSWLRQ GH

/H MDQYLHU XQ M|NXOKODXS GTDPSOHXU PRGpUpH HX
WURLV MRXUV SOXV WDUG OH *UtPVY|WQ HQWUD HQ pUXSWI]
MXVTXIDX  MDQYLHU /D GHUQLqUH DFWLYLWp REVHUYpH H
GX VLWH GH OJpUXSWLRQ SHQGDQW SOXVLHXUV VHPDLQHV

GX MDQYLHU OD FRORQQH D SUREDEOHPHQW DWWHLQW O}
SpQpWUDQW DLQVL VLIQLILFDWLYHPHQW GDQV OD VWUDWR
GpSHWWULEXp | * GDQV GHV FDURWWHV/\BQNFHW WDV JUFR
/W GHVFULSWLRQV GH OD FRORQQH pUXSWLYH HW GH OfRPE
LQKDELWXHOW®WGFRPIDUDLVRQ DYHF OD SUpPFPGHQWH pUXSWL
*UtPVY|WQ HOQ 7KRUDULQVVRQ /IDUVHQ HW DO

SDU * HVW GH OJRUGUH GH SOXVLHXUV FHQWDLQHV GH PI
FH TXL HVW pTXLYDOHQW DX YROXPH GH OfpUXSWLRQ OD S

I MY XSWLRQ GH

/ID SpULRGH LQWHU pUXSWLYH VpSDUDQW * GH * HVW C
*36 WHPSRUHO FRQWLQX HQ UDLVRQ GH OYLQVWDOODWLRAQ
FDOGHLUD (VW GH *UtPVY|WQ WULDQJOH QRLU VXU OD )LJ
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SDU DQ SUHVTXH FRQVWDQW WRXW DX ORQJ GH FHWWH Sy
YROFDQ FHQWUDO &fHVW H[DFWHPHQW OH PrPH FRPSRUWEF

HW 80 VH GpSODODLW YHUV OH KDXW HW OH 6XG (
GHIPUXSWLRQ FHFL pWDLW DFFRPSDJQp GTXQH DXJPHQWE
JPRWKHUPDOH /H GpSODFHPHQW D pWp LQWHUSUpWp SDU ¢
DO FRPPH WpPRLJQDQW GH OYDXJPHQWDWLRQ GH SU
PDJPD GDQV XQH FKDPEUH VXSHUILFLHOOH VRXV OD FDOGH

/ID GHUQLQUH pUXSWLRQ GX *UtPVY|WQ VIHVW GpURXOpH F

HQYLURQ GH RPJPD *XGPXQGVVRQ HW DO $IIHFWpH Gf
DXYOLHX DX VHLQ GX PrPH OREH GH OD FDOGHLUD GX YROF
SOXV GH NP GIDOWLWXGH 3HWHUVHQ HW DO FH T

DpULHQ GT(XURSH GX 1RUG (Q FRPELQDQW DOWLWXGH GX
FHWWH pUXSWLRQ HVW TXDOLIHDEWH6LGKUSOYMRM QQH GAD:
GPpEXWD j K 87& WHPSV XQLYHUVHO FRRUGRQQp K
SUALEBDOH GpOLPLWDQW OD ERUGXUH 6XG GH OD FDOGHUD
SRXU OfpUXSWLRQ GH (Q FH OLHX j BOWBWDHVVHXW GHP.
/fpUXSWLRQ WUDQVSHUOD OH JODFLHU j K HW FRPPHQoOD ¢
OHV UHWRPEpPHV DIIHFWqUHQW UDSLGHPHQW OH VXG GH Of
OD SODLQH GILQRQGDWLRQ SUpIpUHQWLHOOH GH *UtPVY
9DWQDM|NXOO 7RXWHIRLVY DXFXQ M|NXOKODXS QYfHXW OLF
M|NXOKODXS V{pWDLW SURGXLW XQ SHX SOXV GH VL[ PRLV
GX ODF VRXV JODFLDLUH GH *UtPVY|WQ pWDLW UHODWLYHP}
WUDQVSHUFp OD FRXYHUWXUH JODFLDLUH HQ PLQ HOOI
SRXU IDLUH IRQGUH OH JODFLHU HW DFFXPXOHU XQ JUDQG
FDOGHLULTXH (QILQ HQ UDLVRQ GH OD ORFDOLVDWLRQ G
RQ SHXW VXSSRVHU TXH OD TXDQWLWp GH JODFH GLVSR
,FHODQGLF OHWHRURORJLFDO 2IILFH ,02 5HSRUWYV

/TP BXWLRQ GH GIXQH GXUpH GYXQH VHPDLQH HVW DVVH
GpPRQWUp TXH *UtPVY|WQ pWDLW FDSDEOH GH JpQpUHU X
PDLQWHQLU XQH IRUWH H[SORVLYLWp SHQGDQW SOXVLHXUYV
OD VWUDWRVSKqUH SHQGDQW SOXVLHXUV MRXUV 'DQV XC
GLUHFWLRQ SUpIpUHQWLHOOH GH GLVSHUVLRQ DYDQW Gt
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ILQDOHPHQW YHUV OH 1: ,02 SHSRUWYV &H SDQDFKH pWDL
ILQHVY HW GRQF UHODWLYHPHQW SDXYUH HQ WHSKUD 8Q Gp
GH GLR[\GH GHRERXIU¥Yp DSPWp6 LJIPDUVVRQ HW DO OHV
WURSRVSKqUH WDQGLV TXH OH GLR[\GH GH VRXIUH FRPPH
UDLVRQ GTXQ IRUW FLVDLOOHPHQW HQWUH YHQWYV GRPLQD(
OfLOOXVWUH OD ILIXUH VXLYDQWH

JLIXUH >SDJH4A XQUMDIPDMV@R Q GHV FRQFBERYEHMLR QOFBQ LS
OH FDSWHXU 20, GX VDWHOOLWH $XUD 1$6$ ORUV GH Ofpl
E HW F PDL /D GPWHFWLRQ GH FHQGUHV HVW LQGLTXp
DpURVROV FSDOHIRXKEIROOH GH FRXOHXUV 'qV OHV SUHPL:
HQWUH FHQGUHV WURSRMSKRUSKYHYT KM BYW REVHUYDEOH
OfHPSODFHPHQW GX *UtPVY|WQ )LIJXUH H[WUDLWH GH 6LJIPI

29



30



/HV pPLVVLRQV GH VRXIUH GYRULJLQH YROFDQLTXH FRQWULEXH
pPLVVLRQV DWPRVSKpLDLORBEHS '"HX[ PPWKRGHV SHXYHQW
HVWLPHU OD FRQWULEXWLRQ GTRULJLQH YROFDQLTXH XQ
HVWLPDWLRQV VDWHOOLWH & HIQ THKWVROWHP S V* DXPWIOLHS HW
GUQGLUHEFWH FDU GpULYDQW GH OD GLIIpUHQFH HQWUH FF
LQFOXVLRQV SULPLWLYHV GH ODGLWH pUXSWLRQ HW OH YHUU
SpPWURORJLTXH 'HYLQH HW DO /H ELODQ HQ VRXIUH
VXEGXFWLRQ HVW IUpTXHPPHQW VRXV HVWLPp SDU OD PpWk
SRXU OHV YROFDQV GH SRLQW FKDXG Re OHV HVWLPDWLRQYV
VXJJpUp SDU OHV pWXGHV GH 6KDUPD HW DO HW ORXQ

/ID PPWKRGH SDU VDWHOOLWH HVW EDVpH VXU OfLQWpJUDW
OoOb GLVWDQFH HQWUH OD 7HUUH HW OH VDWHOOLWH HW OD
OH 62/HV pTXDWLRQV VXLYDQWHV SHUPHWWHQW GYREWHQLU
ORUV GTXQH pUXSWLRQ GRQQpBO>PIWMKERGH SpWURORJILT XH ¢
$YHF

D062 06

m S U Mpre Snitial QM

/ID GHQVLWp GX PBJRDW HOHWYRIOFRHH URFNGHTR LY D)XCHQBE Q 6

FRQFHQWUDWLRQ HQ VRXIUH PD[LPD®ED GHRWQEERWU/ILR QR/Q Sk
PR\HQQH GX YHUUH PDWULFLHO

‘XUpH GH FHV pUXSWLRQV HW WHPSV GH UHSRV DVVRI

&HV TXDWUH pUXSWLRQV RQW HX GHV GXUpHV VLPLODLUHV
HW DQV DSUQV OHXU S8UPFKRUHDQWEVYRXBSWLRQDBVHQ H
UplpUHQFHV FLWpHV 3DU FRQVpTXHQW LO DSSDUDLW TX
SUpFpGDQW XQH PpUXSWLRQ QH VRQW SDV j OfRULJLQH
SKUpDWRPDJPDWLTXHV HW VXE" SOLQLHQQHV
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1.1.6 Pétrologie

*PQpUDOLWPV

'HV pFKDQWLOORQV GH OfpUXSWLRQ GH RQW pWp FROOH
FHQWLPpWULTXHV IUDVEKHPHQW WRPEpV FROOHEWpPV | XC
FDOGHLUD XQ PRLV DSUQV OfJpUXSWLRQ *Y 'D pWp SU|

SURGXLW SDU FHWWH pUXSWLRQ &HWWH VWUDWH FRUUHYV
OfpUXSWLRQ ORUV GHV SUHPLQUHV KHXUHV 8Q DXWUH p
&HV pFKDQWLOORQV VRQW WUqV PDMRULWDLUHPHQW FRPS
SDXYUHV HQ SKpQRFULVWDX[ PRLQV GH FH TXL D SDUW
FULVWDX[ 3DU DERQGDQFH GpFURLVVDQWH RQ WURXYH GH
ROLYLQHV 30 &S[ HW 20 UHVSHFWLYHPHQW /H YHUUH PD
FRQWHQLU GHV JOREXOHV GH VRXIUH HW GHV R[\GHV GH W
OJKLVWRLUH GX *96 TXH FHV VXOIXUHV HW R[\GHV VRQW RE

*URVY|WQ SURGXLW XQ PDJPD GH FRPSRVLWLRQ EDVDOWLT X
a GH 6I”RPH TXL HVW FDUDFWpPULVWLTXH GHV SUpFpGHQW
6lIRDUVVRQ HWODGYWWLU HMWGBIOWRQ HW DO RX 1HDYH
WHRU HQ PLFUROLWHV HVW WUqV YDULDEOH HW IRUPH XQ
PLFUROLWHYVY HW XQLTXHPHQW FRQVWLWXp GH PLFUROLWHYV
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J)LIXUBWDULDELOLWp GH OD WHQHXU HQ PLFUROLWHYVY GH JUD
HEORVLYH GH OfpUXSWLRQ GH *UtPVY|WQ HQ (Q KDXW
GpSRXUYX GH PLFUROLWHYV $ VHV F{WpV XQ JUDLQ FRQWLF
pDLY GHPHXUH UHODWLYHPHQW SDXYUH HQ PLFUROLWHYV (
IRUWHPHQW FULVWDOOLVDpP

IODGYWWLU HW Q@OH[KDXVWWYXKERHQW OHV WHSKUD +RORF((

FRUUHVSRQG j FRXFKHVY GH WHSKUD DWWULEXpHV | *Ut
DQQpHV 7RXV OHV GpS{WV QH SRXYDQW rWUH SUpVHUYp\
GpILQLW LRIOM GWUWPKFHDYLUR Q PUXSWLRQV RQW HX OLHX

GX ® DX FRXUV GHV GHUQLQUHV DQQpHV IODGYWWLU HW
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ND BBEKQ IRUW SLFNBQ@WGBHDYHF PUXSWLRQV SHQGDQ!
FRREVXHQW OHV FRQWUDLQWHY VXU OD YDULDELOLWpP FRPS
YHUKH GH *UtPVY|WQ VRQW WUqV IRUWHY HW VRQW OHV VXLY

0J2D> @ SGV PR\HQOQH SGV

2 P> @ SGV PR\HQQH SGV

7L2D> @ SGV PR\HQQH SGV

YH 2D > @ SGV PR\HQQH SGV
ITfpWXGH GHV WHSKUD GH * PRQWUH TXH FHV SURGXLW
DQRUPDOHPHQW H[SORVLYH VRQW WRXW j IDLW FODVVLTXH"

0J2D> @ SGV PR\HQQH SGV

2 P> @ SGV PR\HQQH SGV

7L2D> @ SGV PR\HQQH SGV

)H 2D > @ SGV PR\HQQH SGV
/H GLDJUDPPH 7$6 VXLYDQW ILJ LOOXVWUH SDUIDLWHPH
pOpPHQWY PDMHXUV GHV LQFOXVLRQV HW GX YHUUH PDWUL
HW WRPEHQW HVVHQWLHOOHPHQW GDQV OH GRPL

LVODQGLWHY EDVDOWLTXHYV
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)LIXUH 'LDJUDPPH 7%$6 GH /H ODLWUH HW DO /HV OLT
*UtPVY|IWQ WRPEHQW GDQV OH FKDPS FDUDFWPpPULVWLTXH
GYIODGywwLU RX HQ VRQW WUqV SURFKHYV

/HV pUXSWLRQV GX YROFDQ FHQWUDO GH *UtPVY|WQ VRQW JpQp
FHWWH H[SORVLYLWp pWDLW FRQVLGpUpH FRPPH UpVXOWDQ

OLQPUDX]

/ID FRPSRVLWLRQ HQ pOpPHQWV PDMHXUV HVW GRQF WuUqV )
DYHF HQYLURQ GH 0J2 TODGYWWLU HW DO /D FRPSR\
PYROXpHV PDLV HVW JOREDOHPHQW EDVDOWLTXH GLDJUDF
PLQpUDX[ HVW SUpVHQWpPH GDQV Of$QQHI[H ,,

3ODJLRFODVHYV

/HV SODJLRFODVHV GH * RQW XQH FRIMSRBYHWLROX FWRPB Q!
PDMHXUHV GDWDQW GH OD ILQ GH OD GHUQLQUH JODFLDWLR
$Q 1HDYH HW DO /D YDULDELOLWp HVW HQFRUH SOXV

GX /IDNL DYHF GHV SODJLRFODVHV pYRGRp WDRGBQEY TOHH YHW
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PDFURFULVWD X[ ¥RQQWD &M $QW DO FH TXL DXJPHQWH O
SDU %LQGHPDQ HWQDHQ DYHF

&OLQRS\UR[qQHYV

/HV FOLQRS\UR[qQHV GH *UtPVY|WQ VRQW GHV DXJLWHV
FRQFHQWUDWLRQW PREODWIMHQWUH HW FH TXL HVW g
JDPPH GH YDULDELOLWp GHV WHSKUD GH 6DNVXQDUYDWQ
YDULDELOLWpP SOXV UHVWUHLQWH HVW REVHUYpH SRXU OH
* * /HV FULVWDX[ SUPpVHQWY GDQV OH Y|
0J FRPSULV HQWUH HW  WDQGLV TXH OHV PDFURFULVW
PWHQGXH DOODQW GH | 1HDYH HW DO

2L QHV
6HXOHPHQW GHX[ ROLYLQHV SURYHQDQW GH OfpUXSWLRQ
HQ IRUVWPULWH )R VRQW OHV VXLYDQWHYV HW FH TX
YDULDELOLWp GHV SURGXLWV GHV pUXSWLRQV GDWDQW GH
1HDPH HW DO %LQGHPD QW®HDIDPPH DROPMRQUBIHOW OH V
PDFURFULVWDX[ GX /DNL JDPPH FRQILUPpHRSDORLHAD Y MHHOH
ROLYLQHV GX YHUUMRRBRDWULFLHO YRQW GH
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1.2Estimations de pression et température

I THVWLPDWLRQ GHV FRQGLWLRQV GH SUHVVLRQ HW WHPSt
FULVWDOOLVH HVW j OD IRLV SULPRUGLDOH GpEDWWXH HW
HW VRQW SOXV RX PRLQV SUpFLVHV

*UtPVY|WQ D OD SDUWLFXODULWp GYrWUH XQ YROFDQ VRX
POWKRGHV GLVSRQLEOHV SRXU HVWLPHU FHV FRQGLWLRQ
JpRSK\WLTXHV VRQW VRXYHQW EDVpHV VXU GHV UHOHYpV
GH VWDWLRQV WHUUHVWUHV TXL VRQW PDOKHXUHXVHPHQW
)LJ

)LIXUH 6WDWLRQV *36 HQ ,MOBW EIV Y&GXW HL VH NNOWHEW S k
FRQVXOWp OH MXLQ 2Q UHPDUTXH TXYLO \ D SHX GH V
7TRXWHIRLVY *)80 HVW LGpDOHPHQW VLWXpH VXU OH OW *UtP
FH QYfHVW SDV VXIILVDQW SRXU REWHQLU XQH ERQQH UpVF
FROQWUDLQGUH GHV SDUDPqQWUHV GRQW OHV YDOHXUV SHXY
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IHV PpWKRGHV SpWURORJLTXHV SHXYHQW SHUPHWWUH GL
WKHUPREDURPpWULTXHV VXU OH V\VWgPH PDJPDWLTXH (OC
DWWHL@QWIIHW OfpTXLOLEUH GHV SKDVHV HVW OH FULWQqgL
WKHUPREDURPQWUHY XWLOLVDQW OHV FRPSRVLWLRQV G¢{X
LQFOXVLRQ PDJPDWLTXH DVVRFLp ,0V SHUPHWWHQW Gf{RI
FULVWDO HW FH OLTXLGH VRQW j OfpTXLOLEUH

'HX[ FULWQUHV GYpYDOXDWLRQ VRQW XWLOLVpV LFL OC
/fREVHUYDWLRQ D XQm)% GHh\D - TIAHVDXH OTXHY FULVWDX[ [pQ]
GRQF SDV VpOHFWLRQQpV SRXU HVWLPHU OHV FRQGLWLRQV
V\VWgPH PDJPDWLTXH GH *UtPVY|WQ /D PDMRULWp GHV FUI
VRQW SUREDEOHPHQW IRUPpV GDQV XQH SDUWLH GX V\VW
FURLVVDQFH QYD SDV pWp LQWHUURPSXH RX SHUWXUEpH
FULVWDOOLVDWLRQ FKDQJHDQWHV $LQVL DILQ GfpYLWHU

DXWRPRUSKHV VRQW OHV VHXOV j DYRLU pWp VPpOHFWLRQQp
WURS UDSLGH SHXW HQWUDLQHU XQH VWUXFWXUH GHQGUL\
OW LQFOXVLRQV FRQWHQXHV GDQV FHV FULVWDX[ SHXYHQW
OLPLWH %DNHU

IHPRGgqOH GH 3XWLUND EDVp VXU OYpTXLOLEUH HQWUH FOL
YpULILHU OD FRPSRVLWLRQ LGpDOH TXYDXUDLW XQ FOLQRS
DVVRFLp GDQV OHV FRQGLWLRQV GH SUHVVLRQ HW WHPSpULI
OHVRX FRHIILFLHQWY GfpTXLOLEUH HQWUH PLQpUDO HW OL

/IHXUV YDOHXUV GYpTXLOLEUH VRQW ELHQ FRQWUDLQWHYV
GDQV OHV OLTXLGHV EDVDOWLTXHV WKROpPLLWLTXHV

H[ 5RHGHU HW (PVOLH +HU]EH
7RSOLV
3XWLUND
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/IMfpTXLOLEUH SODJLRFODVH OLTXLGH HVW ELHQ PRLQV FR

3XWLUND HW XQ SHX SOXV FRPSOH[H FDU EDVp VXU Of
OH FRPSRVDQW IHOGVSDWK DOFDOLQ DIV GDQV OH SODJL
SUPFLVLRQ GH FH GHUQLHU FRHIILFLHQW GYpTXLOLEUH HW
*UtPVY|WQ OHV FOLQRS\UR[qQHV VRQW GRQF OHV FULVWD
FRQGLWLRQV 3 HW 7 UpJQDQW GDQV OH V\VWgPH PDJPDWLT

)LIXUH &ULVWDO GH FOLQRS\UR[gQH 3% " K{WH GH
SUDRDRBUHYV 0, HW 0, HW HQWRXUp GH YHUUH PDWULFLH
PHN HQ YDOHXU OYDVSHFW DXWRPRUSKH GX FULVWDO

(Q UDLVRQ GH OD FRPSRVLWLRQ GH W\SH WKROpLLWH EDVEL
GHKMUPREDURPgQWUHV GLVSRQLEOHVY HVW UHODWLYHPHQW
GITpTXLOLEUH HQWUH PLQpUDO HW OLTXLGH GRQW OHV FRP

GH OD WHPSpBBRWEHHY HW (PVOLH 3XWLUND $LQV
FULVWDOOLVDWLRQ GHV ROLYLQHV SODJLRFODVHV FOLQR
DYHF OHV pTXDWLRQV D HW  GH 3XWLUND OH.

HW f& /H WKHUPRPqQWUH GH +HO] HW 7KRUQEHU SH}

OD WHPSpUDWXUH GHV V\VWgqPHV PDJPDWLTXHV SDXYUHV
LVODQGLWHYV /IHV SUHVVLRQV GH FULVWDOOLVDWLRQ |
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FOLQRS\UR[gQH OLTXLGH HW OfpTXDWLRQ GH 3XWLUND
03D &HWWH YDOHXU UHODWLYHPHQW pOHY pNMP F RARXNMMSEIRQ &
OYWHXU UHODWLYH HQWUH OHV GLIIpUHQWYV &HVBWUBIDp HXDWHE
GH 3XWLUND LQLWLDOHPHQW SUpVHQWPH SRXU GHYV
PDJPDV K\GUDWpHV HW HVW PrPH UHFRPPDQGpPH SRXU FHV ¢

8QH DXWUH PpWKRGH WKHUPREDURPpWULTXH HVW pJDO}
EDVDOWLTXHV LQWLWXOpH 23%$0 ROLYLQH SODJLRFODVH
GHUQLqQUHV FRQGLWLRQV GH SUHVVLRQ HW WHPSpUDWXU
OfpTXLOLEUH &HWWH PpWKRGH D pWp XWLOLVpH SDU .HOO
LVODQGDLY GRQW XQ FHUWDLQ © *UtPVY|WQ %iUéDUEXQJD
HW DO SRXU VRQ pWXGH GHV pUXSWLRQV GH *UtPVY|W

@V % 3 7DQGLV TXH %XGG HW DO DSSOLTXH
VHIEWLRQQDQW FH TXfLOV GpFULYHQW FRPPH: GHV © OLTXLC

/ID SURIRQGHXU GH FULVWDOOLVDWLRQ GHV FOLQRS\URI[qC
pUXSWLRQV D\DQW HX OLHX HQ ,VODQGH FHOOHV GH Of(\M
GT+ROXKUDXQ HQ XWLOLVDQW OD FDOLEUDWLRQ GH

+DGGDGL HW DO HW %DOL HW DO $ FKDTXE
FRUURERUpV SDU OHV SURIRQGHXUV HVWLPpHV SDU OHV Pp
VLVPLFLWp HW GH OD GpIRUPDWLRQ SUp HW V\Q pUXSWLYH
HWO RX OD VROXEIL@ILWW OR &2

'H SOXV DILQ GH WHVWHU OfH[DFWLWXGH GX EDURPqWUH
GH +ROXKUDXQ RQW pWp XWLOLVpV SRXU GHV H[SpULH

HW NEDU HW GHV WHPSpUDWXUHV YDULDEOKN MXODQW
FRQGLWLRQV GH 3 HW 7 DX VHLQ GH OfDVVHPEODJH VRQW
NEDM H f& ,0 VXIILW DORUV GH ELHQ VpOHFWLRQQHU OHV
WWWU OD FDOLEUDWLRQ GH 3XWLUND ,O DSSDUDLW D!
3XWLUND HVW H[DFW ORUVTXJLO HVW DSSOLTXp j GHV
ELHQ LQIpULHXUH DX[ LQFHUWLWXGHV GH OD FDOLEUDWLRQ
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7 D BDOH SpvXOWDWY GHV HVWLPDWLRQV GH SUHVVLRQ HW
PXSWLRQV pWXGLpHV GX *UtPVY|WQ &HV GRQQpHV SURY
SUpVHQWHY GDQV 3XWLUND

1.2.1 Grimsvotn 1823 et Grimsvotn 2004

/IHV pUXSWLRQV GH HW RQW SUREDEOHPHQW pWp WUC
VRQW SUpVHQWpV VLPXOWDQpPHQW 6HSW LQFOXVLRQV GD
VHLQ GHV WHSKUD GH * '"HX[ GTHQWUH HX[ pWDLHQW

ODOKHXUHXVHPHQW XQ VHXOH FRXSUBWERMVIMIDHOWQ OD FI

GIpTXLOLEUH HW FRUUHVSRQG j XQH WHPSpUDWXUH GH

GHV FRXSOHV &S[ 90 GH * TXL HVW GH f& JDPPH DOC

/HV FRXSOHV &S[ OLT GH OfpUXSWLRQ GH GpFULYHQW O
f& PR\HQQH f& Q LOV RQW GRQF HQUHJILVWUp

POHYpHV TXH SRXU * /D EDURPpWULH HQWUH YHUUH P

SUHVVLRQV GH FULVWDOOLVDWLRQ FRPSULVHW EBBQMBHX HW

HW HQWUH HW NEDU PR\BRQBRXU ONBD WHGKUDWGIEDH
HW UHVSHFWLYHPHQW $QQH[HV , F HW , D

/ID IRUPDWLRQ GHV 0, GDQV OHV &S[ WUDGXLW GHV FRQGL
PpTXLOLEUHVY FULVWDX[ 90 DYHF XQH JDPPH GH 7 FRPSULVE
f& Q HW GHV 3 DOODQW GH ] NEDU PR\HQQH

&HOMH GH GpFULW GHV JDPPHV SOXV UHVWUHLQWHYV
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NEDU PR\HQQH NEDU /HV FRQGLWLRQV SOXV FRQW
SDU OHXU SOXV IDLEOH QRPEUH 1pDQPRLQV LO IDXW
SKUpDWRPDJPDWLTXHV RQW pPLV GHV FOLQRS\UR[qQHV G{F

1.2.2 Grimsvotn 1873

/D YDULDELOLWp FRPSRVLWLRQQHOOH GX 90 FRUUHVSRQG
f& LQFOXDQW OHV WHPSpPpUDWXUHV GHV GHX[ 0, SUpPVHQ
f& SRXU GHV WHQHXUV HQ IRUVWpPULWH VLPLODLUHYV

FRUUHVSRQG | XQH WHPSpUDWXUH GYpTXLOLEUH OpJqUHP
f& [/HV 0, GDQV OHV &S[ VH VRQW IRUPpHV j GHV WHPS
f& DYHF XQH PR\HQQH GH f& Q FH TXL HVW LGHQW

DX[ UpVXOWDWVY REWHQXV SDU OfJpWXGH GHV WHSKUD GH

JDPPH GH WHPSpPUDWXUH XQ SHX SOXV pOHYpH f&
f& Q /HV LQFOXVLRQV GDQV OHV &S[ GH * VH VRQW

Q GH SURIRQGHXU HQWUH HW NEDU /HV pTXLOLEU

NEDU PR\HQQH NEDU Q

1.2.3 Grimsvotn 2011

(Q FKRLVLVVDQW XQH WHQHXU HQ HDX GH SRLGV OD WK
OHV SODJLRFODVHV GH * GRQQH HQ PR\HQQH a f& JDP
DFFRUG DYHF OD WKHUPRPpWULH EDVpH XQLTXHPHQW VXU

f& /H WKHUPRPgQWUH &S[ 0, GRQQH XQH JDPPH FRPSULVI
PR\HQQH GH f& GRQF XQH KpWpURJpQpLWp GH WHPSy
WKHUPRPpWULH GHV SODJLRFODVHV 7DEOHDX HW $QQH[H
JDXVVLHQQH DYHF XQH PpGLDQH FHQWREBLYXD %@ f& 8Q Gt
GRQF OpJJUHPHQW HQ GpVpTXLOLEUH HW QYHVW GRQF SD\

VHXOH 28D,LUXL GRQQH XQH WHPSpUDWXUH GH f& ,0 HYV
GYpTXLOLEUH &S[ OLTXLGH OD SOXV EDVVH f& HVW S
HISpULPHQWDOHPHQW f& SHUPHWWDQW OfYDSSDULWLR

DWPRVSKpULTXH %HOO HW +XPSKULHYV
I THQVHPEOH GHV SUHVVLRQV REWHQXHV SDU OHV FRXSOH
PR\HQQH NEDU ID GLVWULEXWLRQ GHV SUHVVLRQ\
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FOLQRS\UR[gQHV SURYLHQQHQW GH SURIRQGHXUV FRPSULYV
0, HVW GH NEDU WDQGLV TXH OHV S\UR[qQHV UHVWDQWV
HQW HW NEDU /HVY GHUQLqUHV FRQGLWLRQV 3 HW 7 G
REWBDEOHY SDU OfpWXGH GH OHXU ERUGXUH HW GX 90 DX
WHPSpUDWXUH HW GH SUHVVLRQ FRQVLGpUDEOHV VRQW DLC
SRXU PR\HQQHV UHVSHFWLYHV f& HW NEDU Q

1.2.4 Grimsvotn : synthese de la thermobarométrie

'‘DQV OHV WHSKUD GH FKDTXH pUXSWLRQ OHV SUHVVLRQV
POHYpHV GpSDVVHQW OHV NEDU ,0 HVW LPSRVVLEOH Gf
IRUPpV j GHV SURIRQGHXUV SOXV LPSRUWDQWHYVY FDU OfpT
TXIfDX GHUQLHU LQVWDQW GYfpTXLOLEUH /D SUHVVLRQ PR\I

HVW GH ¢ 6' RX 6( 7DEOHDX /ID GLVSHUVLRQ GH
GX V\VWgPH PDJPDWLTXH GX *UtPVY|WQ GDQV VRQ HQVHP
SURIRQGHXU 0, ] NEDU HW TXH OD ]JRQH FRQWULEXI
*UtPVY|WQ VH VLWXH YHUV ‘ NP GH SURIRQGHXU

)LIXUH >SDJH VXLYDQWH@ SpVXOWDWY GH JpRWKHUPR Py
RX09 GHV TXDWUH pUXSWLRQV GH *UtPVY|WQ
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/fpYROXWLRQ GHV WHPSpUDWXUHV GH FULVWDOOLVDWLRQ
PDJPDWLTXH HVW HQ FRXUV GH UHIURLGLVVHPHQW (Q HIIF
* HW * RQW HQUHJILVWUp GHV WHPSpUDWXWBHYV PR\HGC
WDQGLV TXH * D HQUHJLVWUp f& GH 7 PR\HQQH WRXW

f& HVW VXJIJpUpH SRXU OfpUXSWLRQ GH GX /IDNL D
GHUQLqUH JODFLDWLRQ H[ %LQGHPDQ HW DO 1HDYH
LQULHXUH DX[ HUUHXUV LQWULQVgTXHV GHV WKHUPRPqWU
REVHUYDEOH GDQV OfDQDO\WH GHV WHPSpUDWXUHV ILQDOH
&SPO 7 PR\HQQH GH * f& fRRXU * f& SRXU *

f&SRXU * 8QH WHOOH EDLVVH GH WHPSpUDWXUH FRU
GHV WHQHXUV HQ pOpPHQWV LQFRPSDWLEOHV GHV WHSKU
UpVXOWDQW GH OD FULVWDOOLVDWLRQ IUDFWLRQQpH D\DQ
DO (QILQ FYHVW OD SUHPLQUH IRLV TXH GHV R[\GHV G
GH *UtPVY|WQ 6LJPDUVVRQ HW DO FH TXL HVW j PHW
PR\HQQH GHV WHSKUD SOXV IDLEOH )LJXUH

)LIXUH ,PDJH REWHQXH DX 0(% GX 90 GH * &H JUDLQ
SKR@GULVWDX[ GH SODJLRFODVH HW FOLQRS\UR[gqQH $X

WLWDQRPDJQpWLWH HQ EODQF ,O HVW j QRWHU TXH FH
PLFUROLWHYV
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1.2.5 Relations entre PetT

3RXU OHV pUXSWLRQV GH *UtPVY|WQ OHV SUHVVLRQV HW W
&S[ 90 GH FKDTXH pUXSWLRQ VRQW LGHQWLTXHV HW GpFUL
HQ HVW GH PrPH SRXU OfpUXSWLRQ GX /DNL HW FHOOH GH

HW 7RXWHIRLY OHV GLIIpUHQFHVY GH WHPSpUDWXUH
PLOPDOB7 FDOFRXHVOHV BBYLOHWUSIRXU OH 90 VHXO PRQWI
JUDQGH YDULDELOLWp SHWXLYFIDH LXK IVDLSSHRG YeL VAHH QQHD\G )Gl
SDU f& HW f& VHORQ GHBWFRWSOMHV DQG f& SRXU OHV YHU
PDWULFLHOV &HOD SHXW VJH[SOLTXHU SDU GHV SURSRUWI
PpODQJpHEDNVBEWHYV SOXV pYROXpV VLWXpV GDQV GHV SDU
DFWLYH GX V\VWqPH PDJPDWLTXH GH *UtPVY|WQ 6LJPDUVVF

3DU FRQVpTXHQW XQH GLIIpUHQFH GIpYROXWLRQ WKHUPLT
SOXV DQFLHQQHV pWXGLpHV LFL HW FITHVW FHWWH GLIIpUH(
VI\VWgPH YROFDQLTXH GX *UtPVY|WQ

$LQVL LO H[LVWH XQH FRUUpODWLRQ HQWUH 3 HW 7 GDQV O
QIHVW SOXV REVHUYDEOH GDQV FHX[ GHV SOXV UpFHQW
PRGLILFDWLRQ DX FRXUV GX WHPSV GH OD SRUWLRQ GX
SUpSDUDWLRQ GTXQH pUXSWLRQ 'gV ORUV

8QH FRUUpODWLRQ OLQpDLUH HQWUH 3 HW 7 FDUDFYV
YHUWLFDOHPHQW XQ F\OLQGWNH GYD[H YHUWLFEDO Gt
8QH SUHVVLRQ FRQVWDQWH DVVRFLpH j XQH JDPPH
WUDGXLUH XQ XQLTXH QLYHDX ELHWQLG@ILQL GH FUL\
/YfDEVHQFH GH FRUUpPODWLRQ SR X®\WNHMY VAXIONUH U
VSRUDGLTXHPHQW LQWHUFRQQHEWpYV

/D ILIXUH FRQIURQWH OHV GRQQpPHV 3 HW 7 GHV UpVXOWL
OHV &S[ GH FKDTXH pUXSWLRQ pWXGLpH /HV GHX[ pUXSWLI
FRUUpODWLRQ pYLGHQWH U3 HW SRXU * HW *

TXY{DFWXHOOHPHQW OH V\VWgPH PDJPDWLTXH DFWLI GX *U
GIXQ UpVHDX GH G\NHV HW GH VLOOV LQWHUFRQQHFWpV &
GH WHPSpUDWXUHY GH&* )LJ 0 'H SOXV OfDWWpQXDWLRQ
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REVHUYpH SDU $OIDUR HW DO HW OfDQDO\WH GH OD Gj
DXRXUV GH OD GHUQLqUH GpFHQQLH SDU 5HYHUVR HW DO
QLYHDX[ GLVWLQFWYV GIDFFXPXODWLRQ GH PDJPD

JLIXUH'LDJUDPPH 3 7 GH *UtPVY|WQ $ JDXFNHqFOHMYV p GXURNI
FHOOHV 9P8X(Q QRLU VRQW UHSUpVHQWpPHV OHV pUXSWLF
SKUpDWRPDJPDWLTXHV [/HV OLIQHV HQ SRLQWLOOpV H[SOLF
OHV 3 HW 7 GHV GHX[ SOXV DQFLHQQHV pUXSWLRQV

/D GLIIpUHQFH HVW IODJUD QYW LYR®H OFHXL pROSWIRE D VW X K
FRUUPODWLRQ HQWUH 3 HW 7 DYHF XQ U3 a PYRTXDQW

JUDQGH pWHQGXH SHXW rWUH XQ F\OLQGUH RX XQ G\NH DO
/HV UpJUHVVLRQV OLQpDLUHV LQGLTXHQW XQ JUDGLHQW Gt
f& XQH IRLV LQWpJUp VXU OTpWHQGXH GHVYPSULR FROPG HXW®D
FRUUHVSRQG VLPSOHPHQMW | OP& R EWE QKW LE/D\)EIEHVLE UH

SURGXLWW IC)#F W IDLEORBWHQXXQLSBHWHQW GH OD FRPSRVL
VRQW HX[ H[SOLFDEOHV SDU XQ PpODQJH HIILFDFH GH GLII
TXL FDUDEWPpPULVDLW OH V\VWqBH qRDOR P WILTHKRIHHIRRYQ DTDHD
PDMHXU GX /DNL

TDEOHDBR XU FKDTXH pUXSWLRQ OfYfpTXDWLRQ HW VRQ FRHI
SYyHQWpV /H JUDGLHQW WKHUPLTXH HW OD SURIRQGHXU G

(Q UDLVRQ GH OHXUV IDLEOHV Ud OHV JUDGLHQWV WKH
GHX[ pUXSWLRQV OHV SOXV UpFHQWHV QH VRQW SDV H[SOR
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(Q HIIHW FHW pYqQQHPHQW YROFDQR WHFWRQLTXH HVW FF
FRPSRUWHPHQW pUXSWLI GX V\VWgPH YROFDQLTXH GX *UtF
6LIPDUVVRQ HW DO 7KR GG DU WRIQXBROBOKSN UpVXOWqU
GX ODF VRXV JODFLDLUH GH OD FDOGHLUD GX *UtPVY|WQ

7KRUDULQVVRQ DORUV TXH FHV GpEKFOHV JODFLDLUHYV
HQ PR\HQQH 7KRUGDUVRQ HW 6HOI &HFL PRQWUH TXH
LQWHQVH DFWLYLWp JpRWKHUPLTXH 'H SOXV VHORQ /DUVH
*96 QH VHUDLW SDV HQWUp HQ pUXSWLRQ DYDQW VRLW
LFL HQFRUH OYLPSDFW GH OfpYqQHPHQW YROFDQR WHFWR
*UtPVY|WQ

'qV ORUV OD FRUUpPODWLR QP WQWFICH 3VHW DLW XXPORIX BR QG T X H
GX /IDNL HW VRQ LQIOXHQFH DXUDLW VLJQLILFDWLYHPHQW ¢
HVW j UDSSURFKHU GH OD GLPLQXWLRQ VLJQLILFDWLYH GH\
GX 9PHVLQFOH %M|UQVVRQ %M|UQVVRQ HW *XGPXQGVVR
UHIURLGLVVHPHQW HW j OD GLVSDULWLRQ GH OTK\SRWKpW
SURIRQGHXU (Q H[WUDSRODQW GH IDORQ OLQpDLUH OH JUE

GTREWHQLU OD SURIRQGHXU GH OYLVRWKHUPH f& &THVV
DYHF OHV GRQQpHV GH IRUDJHV JpRWKHUPLTXHV LVOI
PUXSWLROWLGXOH LQGLTXH TXH OYLVRWKHUPH f& pWDLW

(Q SUHQDQW SRXU GHQVLWp PR\HEQH.HAB LG FHYR SWH D UVN B
XQH SUHVVLRQ K\GURVWDWLTXH GH NEDU FRUUHVSRQG j
SURFKH GH OfpSDLVVHXU GH OD FUREWH HVWLPpH SDU WR
FRUUHVSRQG j XQ JUDGLHQW WKHUPLTXH GH a f& NP FH TX
GX JUDGLHQW GH SRLQW FKDXG LVODQGDLV TXL HVW GH

%MDUQDVRQ ,O HVW SRVVLEOH TXH FHOD VRLW j UHOL}
OH PDQWHDX TXL VH PDWpULDOLVH SDU OD GLVFRQWLQXLW
TXH GX PDJPD VJDFFXPXOH HW VRLW VWRPNY |[WRXV OH V\VW
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1.2.6 Cohérence thermobarométrique

'DQV OHXU pWXGH GHV VpULHV GH WHSKUD GX V\VWqgPH YR

OT+RORFgQH 1HDYH HW DO FDOFXOHQW j SDUWLU GH
UHODWLRQV GH SKDVHV EDVpHV VXU OfYpTXLOLEUH ROLY
WKHUPREDURPpWULH GHV FRQGLWLRQV 3 HW 7 GH NEDI

j OD SUHVVLRQ GH VDWXUDWLRW®W? -G\ ¥ ApHPWH QW F O X R DR QAL OR/
7RXWHIRLV OHV DXWHXUVDUW B R Q GLR/EMHEOM PEXHVO B LEIXV p C
YHUV OHXU K{WH HW TXH SDU FRQVpTXHQW OHV HVWLPDW
VDWXWBRPWLRQGRLYHQW rWUH FRQVLGPUpPHV XQLTXHPHQW FF
DSSOLTXDQW OH WKHUPREDURPgWUH GH 3XWLUND ED

NEDU f& FH TXL HVW LPSRVVLEOH j GLVFHUQHU GHV UpV
SUpFpGHQWH GH OD PpWKRGH 23%$0 D pWp HIIHFWXpH SDU
DQDO\WHV HQ pOpPHQWV PDMHXUV GH OH\HU HW DO
30hiUGDUEXQJD *UtPVY|WQ  ,0V REWLHQQHQW XQH JDPPH G
SRVVLEOH GH FRQIURQWHU OD GpSHQGDQFH HQ SUHVVLRQ
<DQJ HW DO i FHOOH GX EDURPqWUH &S[ OLTXLGH GH
FDOFXO HQ PDWpPULHO VXSSOpPHQWDLUH GH OJDUWLFOH G
UpVXOWDWY GH OfDSSOLFDWLRQ GX EDURPgQWUH GH <DQJ
7DEOHD X

7DEOHDX 5pVXOWDWYV GH OD PpWKRGH 23$0 GH <DQJ HW
*UPVY|WQ

/ID FRPSRVLWLRQ GHV LQFOXVLRQV PDJPDWLTXHV GRQQH
SRXU OH YHUUH PDWULFLHO 7DEOHDX (Q FRPELQDQW FH
SUHVVLRQ GH NEDU * 6( FH TXL HVW GDQV OYfHUUHXU
3XWND &HWWH VLPLODULWpP SHXW r'WUH IRUWXLWH
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H[SPULHQFHV TXL GRLYHQW DYRLU DWWHLQW OfpTXLOLEUH
ROLYLQHVY RQW XQ SDUWDJH )H 0J HQ GpVpTXLOLEUH DYHF
SHQVHU TXH OYpTXLOLEUH 23$0 QH VRLW SDV DWWHLQW
1pDQPRLQV DXFXQH GLIIpUHQFH VLJQLILFDWLYH QYfHVW RI
PR\HQQH SOXV IDLEOH REWHQXH SRXU OH 90 ORJLTXH HQ
OHV 0, TXJLO HQWRXUH HVW GDQV OfJHUUHXU GH FHOOH RE
OHV UpVXOWDWYV GHV GLIIpUHQWY EDURPqWUHV VRQW FF
FULVWDOOLVDWLRQ GHV PDJPDV GX V\VWqPH YROFDQLTXH
TXH OHV GLIIpUHQWY UpJLPHV pUXSWLIV QH VRQW SDV GX
FRPPH LOOXVWUp SDU OD ILJXUH

J)LIXUH5pVXOWDWY GH WKHUPREDURPpWULH BDDVWHW %50 OH\
90 UpVXPDQW OHV GRQQpHV GHV TXDWUH pUXSWLRQV GH *L
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1.3Eléments volatils : soufre et chlore

/IH FKORUH HW OH VRXIUH VRQW SUpVHQWY HQ TXDQWLWp

rWUH TXDQWLILpVY j OD PLFURVRQGH pOHFWURQLTXH &H Q
GpWHFWLRQ pWDLW WURS pOHYpH SRXU FHWWH pWXGH FH
SDU oD VXLW

1.3.1 Teneurs en S et Cl des inclusions et du verre matriciel

/HV LQFOXVLRQV PDJPDWLTXHV GH *UtPVY|WQ SUpVHQWHQW
FRPSULVHV HQWUH HW SSP HW HW SSP UHVS
POHYpHVY VRQW DWWHLQWHY GDQV OHV WHSKUD SOLQLHQQF
GD@HVY WHSKUD GHV pUXSWLRQV SKUpDWRPDJIJPDWLTXHV /
PDWULFLHO VRQW WUqV YDULDEOHV DOODQW GH i S
&0 7RXWHIRLY OD PR\HQQH SRQGpPUpH GHV WHQHXUV

SKUpPpDWRPDJPDWLTXHV SSP HVW QHWWHPHQW VXSpULH
SSP 8QH WHQGDQFH VLPLODLUH HVW REVHUYDEOH DYHF Ol
VRQW FHOOHV GHV pUXSWLRQV SKUpDWRPDJPDWLTXHV )LJ

/D GLIIpUHQFH HQWUH OD WHQHXU PD[LPDOH HQ 6 GDQV C
PR\HQQH HQ 6 GX YHB UHMWPQMWWHRHDWI VXSpULHKXQHEDQV
a SSP FRPSDUpH DX[ pUXSWLRQV SKUpDWRPDJPDWLTXHV
OH 0&0 TXL QYD XQH YDOHXU SRVLWLYH TXH SRXU OHV

VLIQLILFDWLYHPHQW SOXV pOHYp SRXU OHV pUXSWLRQV

SKDWRPDJPDWLTXHV VRQW DXWRXU GH $LQVL OHV GpJC
OLPLWpV DX FRXUV GHV pUXSWLRQV SKUpDWRPDJPDWLTXHYV
HVW GpJD]p DX FRXUV GHV pUXSWLRQV SOLQLHQQHV FH T
WKWROWHY GH *UtPVY|WQ GYDERUG OH 6 SXLV OH &O
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)LIXUH 7HQHXUV HQ 6 QRLU HW HQ &0 JULV GHV LQFO
KPKXUp SRXU OHV TXDWUH pUXSWLRQV GX *UtPVY|WQ $QQ

1.3.2 Dégazage des éruptions phréatomagmatiques et pliniennes

(Q IDLVDQW OJK\SRWKgVH TXH OHV LQFOXVLRQV PDJPDWLT)
IHUPpV SRXU OH 6 HW OH &0 OHXUV YDOHXUV PD[LPDOH\
*UtPVY|WQ VXJIJqUHQW TXH OHV WHQHXUV HQ 6 HW HQ &C
SOLQLHQQHV pWDLHQW LQLWLDOHPHQW SOXV pOH®pPNV TXH
PDJPDV SDUHQWDX[ GHV pUXSWLRQV SOLQLHQQHV VRQW G
YRODWLOV TXH FHX[ DOLPHQWDQW OHV pUXSWLRQV SKUpDYV
TXH OD WHQHXU LQLWLDOH HQ pOpPHQWY YRODWLOV GpWH
ITH[VROXWLRQ SRXUUDLW rWUH XQ DXWUH IDFWHXU FOp

SOLQLHQQHV 2U OHV FRQFHQWUDWLRQV HQ pOpPHQWV Y
YLVEFRVLWpP GTXQ OLTXLGH 63DURNWp H[ :LOVRQ
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(IVROXWLRQ GX 6 HW GpJD]DJH

(Q SRXUVXLYDQW OH WUDYDLO HIIHEWXp SDU 6LJPDUVVRQ
REWHQXHV SRXU OD WHQHXU HQ VRXIUH PD[LPDOH GHV 0, ¢
OD FRQFHQWUDWLRQ PR\HQQH HQ 6 GDQV OH 90 SSP /D

7 6H &HWWH YDOHXU HVW LGHQWLTXH j FHOOH HVWLPpt
GHI6 SUHVTXH LGHQWLTXHV OD QRXYHOOH YDOHXU HVW
HVWLPDWLRQ pWDLW GH SSP /fpUXSWLRQ GH D pWp
TXL OfD pWXGLpH GDQV OH GpWDLO HVWLPDQW NPQVL XQ
SHUPHWWDQW GH FDOPREGHOLWHDHPBBVHFIBWWIIR pUXSWLRQ |
IRLV PRLQV TXH S@XWVW LPSRVVLEOH GH TXDQWLILHU OD T
pPLVH GDQV OfDWPRVSKqUH DX FRXUV GH OfpUXSWLRQ GH
Qf\ D SDV GH GRQQpHV VDWHOOLWH SUpFLVHV GLVSRQLEOH
GHV pPLVVLR®NV G ¥SWIHVQYFGNH HVW HQFRUH SOXV GLIILFLC
D QL TXDQWLILFDWLRQ GHV YROXPHV pPLV SDU * QL SRX

6RXIUH HW YROXPH '5( GIXQH pUXSWLRQ

/ID PPWKRGH VXLYDQWH UpSRQG j FH PDQTXH GH GRQQpPHYV
OHMN6 HW(OVRQW ELHQ FRQWUDLQWYV )LJ LO HVW SRVVLE
PPL SDU OHV pUXSMGRQN GX

IfpWXGH GH OfJpUXSWLRQ GX /DNL SDU 7KRUGDUVRQ
OD TXDQWLWRLGH &RLW 7] SRXU XQ YRORPW '5(7@HP

/IfIPUXSWLRQ GH GX *UtPVY|WQ D PRELOLVp “ 73 S
NP FH TXL FRUUHVSRQGBUHLQVTGIYMRVLU HW DO RQW HV

GpIRUPDWLRQ GH OfpGLILFH YROFDQLTXH DYDLW HX OLHX
&HOD FRUUHVSRQG j OfpPM/ XRRI@XG HPR\HRR 68D U KB XSUHH 6HO
7KRUGDUVRQ HW DO OH /DNL D pPLV GH VHV pOpPH
MRXUV FH TXL FRUUHVSRQG j XQS DOXKHRUHQ $SLWVL*IFEM 6H
DX[ G\QDPLTXHV pUXSWLYHV H[WUrPHV SURGXLWHV SDU O
IOX[ 6RHp TXLYDOHQW V
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)LIXUH 5HODWLRQ HQWUH TXDQWLRR\HEH 90 GiH ®DW6 PO 6 €
YROXPH M@(NPHW HUUHXU VWDQGDUG DVVRFLpH SRXU OHV plL
*UtPVY|WQ /HV GLVTXHV SOHLQV UHSUpVHQWHQW OHV WUR
OHs9 VRQW FRQQXV /D EDUUH YHUWLFDOH TXL OHXU HVW D
a6 /HV I0gFKHV HQ JUDV LQGLTXHQW OHV YROXPHV '5( HV
pUXSWLRQVY HQ XWLOLVDQW OHV YDOHXUV 06 GX WDEOHD
FRWOWSRQGHQW DX[ JDPPHV UHVSHFWLYHV DVVRFLpHV DX[ H

/D ILIXUH PRQWUH OD UHODWLR QG HQQMUBR 6N GHR PDY B\U K BN
PPL SDU XQH pUXESDWLRIRHKW ORQ pUXSWLRQV GXUYRVWHWK YR
GRQW OH YROXPHYV VAN FRGBX HW IRUPHQW XQH GURLW
FRHIILFLHQW GHSARUUp O LR SOXd6 JUD@ILQWHUPpPGLDLU
* OfpUXSIW PR RPDJIPDW LT XWH B HO IS D XWIb GHOBDBEGHR B X
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OHV pUXSWERQVYFGK LO HVW SRVVLEOH GYHVWLBHNP OHXU
SRXU * DQG SRXNP* FH TXL HVW FRKpUHQW DYHF OHV
ppLWV LVODQGDLV FRQWHPSRUDLQV HW FRQILUPH OHV GLII

ID TXDQWLILFDWLRQ GX GpJD]DJH HQ 6 RX VILO \ D GX 6 SI
] SDUWLU GX OLTXLGH VLOLFDWp LOOXVWUH OD GLIIpUHQFH
GX *UtPVY|WQ /IH GHIJUp GTH[VROXW LR QL& WDHOHEF OFeX WumoD LQ"
to ,0 HVW GH a SRXU OHV GHX[ pUXSWLRQV SOLQLHQQtF
SRXU OHV pUXSWLRQV 'SKUpDWRPDHI®DWLTXHYV &HOD UpVXOYV
HQ SDUWLH GHVU8D®HXUV GHS®EF FH TXL HVW SURFKH GH O
SSPWDQGLV TXH G6 *PHVW SWRSFKH GH 06 * SSP

/HV SOXV JUDQGHV pUXSWLRQV GX *UtPVY|WQ RQW GRQF GH
SOXV pOHYpHV HW XQH FDSDELOLWpP VXSpULHXUH TXDQW
SUREDEOHPHQW OLp DX IDLW TXH OHV pUXSWLRQV SKUpDWR
GH OHXU H[SORVLYLWp GH OD UpDFWLRQ H[RWKHUPLTXH HQ
WUHPSH LQKLEH IRUWHPHQW OfH[VROXWLRQ GHV pOpPHQV
GHUQLQUHV GLIDLQHV GH PqgWUHV DYDQW OD VXUIDFH FR
SDUWLFXOLqQUHPHQW SRXU OH FKORUH GDQV OHV OLTXLGE
SUREDEOHPHQW FRXUW FLUFXLWp SDU OHV pUXSWLRQV SOL
OHXU pYHQW HW OHXU FRQGXLW GH OfHDX JODFLDLUH &
OXDPHQWDWLRQ GX GpJD]DJH RX H[VROXWLRQ FDXVH XQ
PR\HQQH GDQV OH YHUUH PDWULFLHO OHV pUXSWLRQV

SUpVHQWHQW OHV YHUUHV PDWULFLHOV OHV SOXV ULEKHV
* HW HQILQ GHV WUDSSV EDVDOWLTXHV /DNL 'H
HIIHFWXpHV SDU IODGYWWLU HW DO SRXU OHV WHSKUI
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)LIXUH 5HODWLRQV HQWUH OD WHQHXU PR\HQQH HQ VRX
GHQVH URFN T XPYDIX®OWpUXSWLRQ GX V\WWgPH YROFDQL
GLVTXHV QRLUV UHSUpVHQWHQW OHV WURLV pUXSWLRQV SF
PDWULFLHOVR@WORRQ QXY /HV YDOHXUV SURYLHQQHQW GX |

(IVROXWLRQ GX &0 GpJD]DJH HW H[SORVLYLWp

/IfRUGUH GH GpJD]DJH FODVVLTXH GHV pUXSWLRQV EDVDC
*UtPVY[WQ HW OHXUV WHQHXUV HQHEO IRIXMJOOHIVX W X S \8B SHRC
HW SSP PDLV OHV WHSKUD GHV GHX[ pUXSWLRQV SKUpDWRP
TXH GDQV X@HV /H GpJD]DJH HQ FKORUH D pWp HPSrFKp SD
SUpFRFH UpVXOWDQW GH OD WUHPSH GXH j OTLQWHUDFWL
VROXELOLWp GDQWI®H *DJIPBVW HGH FHOXL GHHOD YDX
FRUUHVSRQG j OD PRELOLVDWLRQ GH 7J GH +&0 SDU Ofp
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XQH GHQVLWpPpHW XNJ BRHOXWPH URFN HTNXR VWNBIHQWGYWWLU HW
GH PDJPD pPLV &HW DSSRUW GH +&0 GDQV OYDWPRVSKqUH

OfpUXSWLRQ ILVVXUDOH Gf+ROXKUDXQ Re *tVODVR
OW ELHQ TXH FHWWH pUXSWLRQ U GAH OBIP D LW LSQU/R GXRWU HQ
GH YROXPH GRQQpH * D pPLV IRLV SOXV GH +&0 TXH

SUREDEOH TXH OH FKORUH VRLW SURFKH GH OD VDWXUDWLI
] GpJD]JHU VL OHV IDFWHXUV H[WHUQHV OH SHUPHWWHQW

(Q DEVHQFH GH TXDQWLILFDOWLREQIIBYHQRHHWQGWHU K& 20D VRP
PDMHXUV DQDO\WpV GDQV OHV YHUUHV HW SHXW rWUH
pOpPHQWY YRODWLOV (Q SURFpGDQW DLQVL GHV WHQHXU\
SRXU OHV TXDWUH WHSKUD TXHO TXH3DHLWR QWp UXHIPH LOX
SUREDEOH TXfXQ GHJUp GH GpJD]DJH GLIIpUHQW GHV pOpP
PDJPDWLTXHV GLIIpUHQWHY TXL DXUDLHQW j OHXU WRXU |
DX PDJPD H[ :LOVRQ 'DQV OHXU HQVHPEOH OHV DQDC
OJRUGUH GH GpJD]DJH GHV WKROpPLLWHV GH *UtPVY|WQ |
VPTXHQFH GIH[VROXWLRQ EDVDSOWUKEXIE SHLW BROPPHEMVWH LY R (
HW DO HW HW FH TXHO TXH VRLW OH U{OH MRXp SI
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Soufre Chlore
G 1823 G 1873 G 2004 G 2011 G 1823 G 1873 G 2004 G 2011
ppm -SSP ppm -SSP ppm -sP| ppm -sSP| ppm -sP| ppm -sSP| ppm -SP| ppm -sP
min(MI) 1386 1410 1220 1103 164 122 114 112
max(MI) 1731 65 1789 73 1677 75 1974 70 205 34 266 36 226 42 339 37
Moyenne (MI) 1571 1594 1443 1578 183 175 161 180
min(VM) 407 513 671 465 166 142 173 153
max(VM) 1758 1047 1586 1749 182 209 307 252
Moyenne (VM) [ 1050 56 766 47 1138 62 908 55 210 13 180 27 227 39 208 34
681 121 1023 120 539 137 1066 125 -5 47 86 63 -1 81 131 71
Dx (%) 39 8 57 9 32 10 54 8 - 32 28 - 39 25

TDEOHDEWKRGH SpWURORJLTXH DSSOLTXpH DX VRXIUH HW DX FKORUH %DVpH VXU OD G
HW YDOHXU PR\HQQH GDQV OH YHUUH PDWULFLHO &X RrPH! gDpWHODN S URES R UWPILR Q0 ,GH ;;
GLVSRQLEOH TXL VfHVW VpSDUpH GX0OLTXP®H OPDIJRDWXMXW GH PXOWLSOLHU G; SDU OH
SDU VD GHQVLWp PR\HQQH SRXU REWHQLU OD PDVVH GH ; PRELOLVpH SDU FHWWH pUXS
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1.4Comment réconcilier géophysique et pétrologie ?

/fpWXGH GH OD GpIRUPDWLRQ DYDQW HW SHQGDQW OfpUX
MRXDU OD FKDPEUH PDJPDWLTXH VXSHUILFLHOOH HQ VX
PDJPDWLTXH +UHLQVGYWWLU HW DO
/HV LQFOXVLRQV PDJPDWLTXHV GDQV OHV &S[ RQW HQUHJILV
HQW HW 03D (Q SUHQDQW XQ JUDGLHQW FUXVWDO GH
RQW SLpJp GHV OLTXLGHV EDVDOWLTXHV j GHV SURIRQGHX!|
GIHQWUH HOOHV TXL SURYLHQQHQW GH SOXV GH NP ¢
JUDQGH FRPSOH[LWp GX V\VWgPH PDJPDWLTXH LPSOLTXp OR
TXYDX OLHX GH FRUUHVSRQGUH | OD YLGDQJH GH FHWWE
GpIRUPDWLRQ VRLW OH UpVXOWDW GX JRQIOHPHQW G{XQH
GX V\WWgPH PDJPDWLTXH 'X JRQIOHPHQW GH FH EDOORQ
SHUPHWWDQW OfDVFHQVLRQ GYTXQ PDJPD SURIRQG ULFKH
OTH[SORVLYLWp DQRUPDOHPHQW YLROHQWH GH FHWWH puU:
NP GIDOWLWXGH DX FRXUV GHV SUHPLQUHV KHXUHV ¢
SURIRQG SRXUUDLW H[SOLTXHU OfRUGUH GH JUDQGHXU C
GpIRUPDWLRQ PHVXUpH &HWWH K\SRWKqVH QYILPSOLTXH
PDJPDWLTXH LPSRUWDQWH HW HVW HQ DFFRUG DYHF OHV S
NP GH SURIRQGHXU )LJ (QILQ WUQV SHX GH FRXSOHYV
GH IDLEOHV SURIRQGHXUV FRPSDWLEOHV DYHF OD WUQV |
PDJPDWLTXH GX *UtPVY|WQ j VDYRLU OD © FKDPEUH PDJPD)
VXJIJgUH XQ WUDQVIHUW UDSLGH j WUDYHUV OH V\VWgPH P
IRUWH H[SORVLYLWp SHUPHWWDQW DX SDQDFKH pUXSWLI G

1.5Les éléments volatils classiques peuvent-ils déformer un volcan?

/IHV VLIQDX[ GH JRQIOHPHQW HW GpJRQIOHPHQW REVHUY
FODVVLTXHPHQW OYDFFXPXODWLRQ GH PDJPD HW OfYH[WU
FKDPEUH SURIRQGH TXL FRUUHVSRQGUDLW j OfHQGURLW
REVHUYpH /HV YROXPHV GH PDJPD pPLV RX LQMHFWpPV HQ S
SOXV JUDQGV TXH FHX[ PRGpOLVpV j SDUWLU GHV UHOHYpV
FRPSUHVVLELOLWpPp GX PDJPD HQ SURIRQGHXU 5LYDOWD H\
QpDQPRLQV FRQWULEXHU j OD GpIRUPDWLRQ GYXQ pGLILFH
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GpJD]DJH OfH[SDQVLRQ GX V\VWgPH K\GURWKHUPDO RX
PDJPDWLTXH VXSHUILFLHO HQ FRXUV GH FULVWDOOLVDWLR

I M DUFKLWHFWXUH GX V\VWgPH PDJPDWLTXH RX GX UpVHUYR
OD FRPELQDLVRQ GHV REVHUYDWLRQV JpRSK\VLTXHV HW Jp
G\NHV LQWHUFRQQHFWpV TXH FH VRLW SRXU OH 3LWRQ GH
.LODXHDZDLL /pQDW HW BHDHFWHENIND HW DO 8QH UHFE
PDBDWLTXH IHUDLW H[SpULPHQWHU SRXU FKDTXH SRFKH Gt
GpSHQGDQW GH VD SURIRQGHXU GH OYfpWDW WKHUPLT XF
PDJPDWLTXH /HV YRODWLOV VIDFFXPXOHUDLHQW DORUV D>
XQH SKDVH JDJHXVH ORUVTXH OH OLTXLGH PDJPDWLTXH DXI

&HOD MXVWLILH OfpWXGH GH OD FDSDFLWp GTXQH SKDVH
DVVRFLp j OTpUXSWLRQ GH GH *UtPVY|WQ (Q GITDXWUH\
FKDPEUH PDJPDWLTXH GH JpQpUHU XQH VXUSUHVVLRQ VX
SULQFLSDX[ JD] PDJPDWLZ X&\2 EDOIXVWVQWRHWHW X \VWqgPH PD
a NP GH SURIRQGHXU +UHLQVGYWWLU HW DO " /H FK
FKKEUH PDJPDWLTXH GH W\SH VRXUFH GH ORJEH TpXAL p QM ¥ WA
TXH OH GL[LgPH GX YROXPH GH PDJPD pHALW HWQHWXIUIDKWHH UD L
] OD FRPSUHVVLELOLWp GX PDJPD HW j OD OLIJLGLWDHDXWGH Of
DOORQV WHVWHU XQH DXWUH H[SOLFDWLRQ SODXRVHEOH HC
&2 ) FHWWH GpIRUPDWLRQ

/IH YROXPH PLQLPDO GH JD] HQ SURIRQGHXU GpSHQG GH
WKHUPLTXH HW GH OD VROXELOLWp GHV pOpPHQWYV YRODWL
VIH[VROYHU G{XQ PDJPD SURIRQG NEDU VRLW OD PpGl|
GH VIDFFXPXOHU GDQV XQ UpVHUYRLU VXSHUILFLHO DX VR
a NP SHXW rWUH HVWLPp j SDUWLU GHV UHODWLRQV FR(
pOpPHQWY YRODWLOV &H YROXPH SHXW HQVXLWH rWUH FF
OTpUXSWLRQ
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151 /D FROWULEXWLRO SRWHOWLHOOH GH OYHDX HW GX C
enregistree.

/D ORL GH VROXELOLWp GH OfHDX GDQV OHV OLTXLGHV E
+ROORZD\ [ +2 [ 3 DYHF SRXU IUDFWLRQ FRWPSWUDMWH G 1
HQWHW (Q SUHQDQW XQ JUDGLHQW GH 03D NP REWHQX j !
HW GIXQH GHQVLWpP FUXVWDIOHOPREHQEHUBHPDJIJADWLT XH V.
VHUDLW GRQF j XQH SURIRQGHXU GH “ 03D &HOD FRUUH\
VXSHUILFLHOSH [ VL WRXWH OfHDX SUpVHQWH GDQV FHWWH F
GXPDJPD XQLTXHPHQW SUpVHQW GDQV FHOOH FL 6L FHWW}
NP GH SURIRQGHXU VRLW OD YDOHXU GH OD PpGLDQH GHYV
PDVVLTXH GYHDX VROXEOH GDQV OH +@LTXkGH [PDIXRDWLT X}
VXSSRVDQW TXH WRXWH OfHDX GH FHWWH SURIRQGHXU DLW

VHUDLW GH OTRUGUKLGH/W OMNJIPOHXU | H WEXJ QIRW 03D €
SDOBIWMHWUEELQ (Q GLYLVDQW OD IUDFWLRQ PDVVLTX
IUDFWLRQ YWRHIXPLATXH YDXW DORUYV $LQVL VL WRXW OH

NPSURYHQDLW GH NP GH SURIRQGHXU HW TXH OfYHD?
YROXPH GH JD] VHUOKWIDGWWW OHNAKDQJHPHQW GH YROXPH V
SRPUW rWUH WRWDOHPHQW H[SOLTXp SDU OYfH[VROXWLRQ
PDJPD SURIRQG

/D FRQWULRRWVRVQEGKQ SOXV IDLERXU XQLW.TXLGH EDVDOW
GH SURIRQGHXU FDOFXOp j SDUWLU GH [OD ®RW RGOS N B OX®
+ROORZD\ /THWUDSRODWLR Q HAMH\Q GHR®\QpHYV G KU7DBHY
YDSHXU j HW3P& DYHF XQH GHQVLWp BIREKHNGEFXHNpPNJI P
&HOD H[SOLTXHUDLW GH OD GpIRUPDWLRQ HQUHJLV
VXBHFLHOV GHV YROFDQV EDVDOWLTXHV DFWLIV D SURED
OfpWXGH GH OHXU GpIRUPDWLRQ HW OD FRPSUpKHQVLRQ G

&HWWH FRQFOXVLRQ HVW FRQILUPpH SDU OfXWLOLVDWLR

OfTHVWLPDWLRQ GH OD SUHVVLRQ SDU OfpWXGH GHV WHQ
0, $LQVL HQ SUHQDQW OD YDOHXU PD[LPDOH REWHQXH SC
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6DNVXQDUYDWQ 3SSPNEB K2HW OH PRGqOH GH 6KLVKNLQ
TXH+[2 np [

JLIXUH6ROXELOLWp GH OfHDX HW GX GLR[\GH GH FDUERQH (
6KVKNLQD HW DO /IHV FRXUEHV FRQWLQXHV VRQW
HIWUDSRODWLRQV HPSLULTXHV GHV GRQQpHV H[SpULPHQW
LVRSOgWKHV GH PrPH FRPSRVLWLRQ H[WUDSROpHV j SDUWL

DO ID FRQFHQWUDWLRQ PD[LPDOH GH OYfpWXGH GH 1H

HVW DVVRFLpH SDU FHV DXWHXUV j XQH SUHVVLRQ GH N
GIHDX 6L FHWWH PrPH FRQFHQWUDWLRQ GH SSP S

GHUQLqUH SRXUUDLW FRQWHQLU SUqV GH GTHDX

152 /YH[VROXWLRQ GHV JD] HW OH JROQIOHPHQW GYXQH FK

,O \ D SOXV GH DQvV 7DLW HW DO RQW pWDEOL X
JRQHPHQW GYXQH FKDPEUH PDJPDWLTXH UpVXOWDQW GH
VI\VWgPH IHUPp GRQF VDQV FRQWULEXWLRQ GH PDJPD SUR
VSKpULTXH TXYfHOOH VH FRPSRUWH FRPPH XQ V\VWgPH IHL
PDQLgUH pODVWLTXH /D YDULDWLRQ GH YROXPH UpVXOWD
a9 9 1 —

$YHF — OD ULJLGLWp GH OJHQFDLVVDQW DOODQW GH j
03 DYHFRPSULV HQWUH HW 03D $OELQR HW DO R G
SRXU OD FKDPEUH VXSHUILFLHOOH HQ XWLOLVDQW 1 03
GRQR® 09 GH (QNRVLOLVDQW OHV YDOHXUV PLQLPDOHV HW
RQ REWLHQW XQH JDPPH jDOODQWSRXU 09 /MPJRQIOHPHQW
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UpVHUYRLU VXSHUILFLHO FRUUHVSRQGUDLW DORUV j HQWL
pUXSWLYH PHVXUpH SDU +UHLQVGYWWLU HW DO $
PDJPDWLTXH VXSHUILFLHOOH XQLTXHPHQW G€ j OTH[VROX
FULVWDOOLVDWLRQ GH FHWWH FKDPEUH SHXW FRQWULEXH
Gp/IRUPDWLRQ HQUHJLVWUpH ORUV GH OfpUXSWLRQ GH

3DU FRQVpTXHQW OIDFFXPXODWLRQ GH JD] DX VRPPHW GX
XQ U{OH SUpSRQGpUDQW GDQV OD VRXUFH GH JRQIOHPHQW

1.5.3 Expansion thermigue et compressibilité

/I fTHDX DSSDUDvVW FRPPH OD SKDVH JDJHXVH SULQFLSDOH

*UtPVY|WQ J/RUVTXYHOOH HVW FKDXIIpH OfHDX RFFXSH XC
FRPSULPpH VRXV GH IRUWHV SUHVVLRQV &HV GHX[ HIIHWV
OD PpWKRGH VXLYDQWH

6RLWXxOH FRHIILFLHQW GYH[SDQVLRQ WKHUPLTXH j YROXPH
[ PPRO. 3RXU OH OLTXLstbowVD.OVBSHUD . /IH FRHIILF |
GH FRPSUHVVLELOLWpP WXRMWWMHUPDOH GHPEBPHIIX 6SHUD

WDQGLV TXH FHOXL GXvedNMW LGRIP £EWMD 6W WTDXHS LY DHAW D[
HW 6HJDOO

(Q DSSOLTXDQW OD ORL GHV JD] SDUIDLWYV | OfHDB® VRXV
SURYHQDQW GH OfpTXLOLEUH &S[ 0, DYHW GQH RQMVE P QBDNM .
GH f& f. RQ REWLHQW OH QRPEUH GH PROH SDU XQ
P S$LQWMbx . [ [ [ . HWbx [ [ [

3D &H TXL SHUPHW OH FDOFXONPGH R UHD DFR/UGELDEWVIROQI
FRPSUHVVLELOLWp HW GLODWDWLRQ GH OfHDX HW GX PDJP

NP a a. + [0 [+ [ _ a RX . &

3RXU GHV SUHVVLRQV SOXV IDLEOHV WHOOH NkoFXbh Bt QO H Lol
03D XQH GLIIpPUHQFH GTXQ RUGUHN@&H JUDHGH XU HVW R
&HFL GpPRQWUH TXH OD GRIRLQW DO B IH PMIKQHN PRIIDXFHR P S U
FRQGLWLRQV 3 7 PDJPDWLTXHV HW FH GH SOXVLHXUV RUC
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,O HVW j QRWHU TXH FHV HVWLPDWLRQV QH VXSSRVHQW D
VRXIUH FH TXL IDLW TXH FHV YDOHXUV VRQW SUREDEOHPH!
GLODWDWLRQ WKHUPLTXH HVW WUqV QHWWHPHQW VXSpULH
EDVDOWLTXH SURIRQG VDWXUp HQ YRODWLOV HQ FRXUV
HIRWKHUPLTXH JpQpUDQW XQH GLODWDWLRQ WKHUPLTXH C
SUHVVLRQ HQ UDLVRQ GH OD IDLEOH FRQWULEXWLRQ GH
GLODWDWLRQ 3DU FRQVpTXHQW OD PDMRULWpP VL FH QTYt
GplIRUPDWLRQ DVVRFLpH SHXYHQW rWUH JpQpUpHV SDU OD
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1.6Conclusions

/IHV FRQFOXVLRQV SULQFLSDOHV GH FHWWH pWXGH VRQW O
/IHHVWLPDWLRQV GH SUHVVLRQ GH FULVWDOOLVDWLRAQ

SRXU PR\HQQH “ NEDU FH TXL pTXLYDXW j XQH Sl
WHPSpUDWXUH GH FULVWDOOLVDWLRQ GHV FOLQRS\UF
YDULDELOLWp VIpWHQGDQW GH ] f& 6HXOHV OHYV

XQH FRUUpPpODWLRQ PDUTXpH HQWUH SUHVVLRQ HW
FOLQRS\UR[qQHYV

/IHV FRQFHQWUDWLRQV HQ VRXIUH HW HQ FKORUH VR
PDJPDWLTXHYV GHV pUXSWLRQV HME' SO LOHWURHAVLY HP
HW PLQLPDOHYVY GDQV OHXU YHUUH PDWULFLHO

/D WUHPSH DX FRQWDFW GH OfHDX JODFLDLUH H[SOLT
pOpPHQWY YRODWLOV GDQV OH YHUUH PDWULFLHO G
GLIIpUHQFH HQWUH FRQFHQWUDWLRQ HQ pOpPHQWV YR
PDWULFLHO SRXU OHV WHSKUD GH FKDTXH pUXSWLRQ
PUXSWLRGBWIG¥OH SRXU OHVTXHOOHV OH YROXPH D pWj
OfpYqQHPHQW YROFDQR WHFWRQLTXH GX /DNL FH TXL
PUXSWLRQV SOXV DQFLHQQHYV

/JHV WHSKUD GHV TXDWUH pUXSWLRQV pWXGLpHV RQW
FULVWDOOLVDWLRQ OHV PDJPDV DOLPHQWDQW OHYV
SURYLHQQHQW GRQF SDV GH SRUWLRQV SOXV RX PRLQ\
*UtPVY|WQ 'HV FRQFHQWUDWLRQV SOXV pOHYpHV HQ ¢
PDJPDWLTXHV GHV pUXSWLRQV OHV SOXV JUDQGHV W
SPULRGLTXHV WRXV OHV a DQV " GH PDJPD GYRULJL
ULFKH HQ JD]

/ID SKDVH JD]JHXVH UpVXOWDQW GH OYH[VROXWLRQ G

PDJPDWLTXH ja NP GH SURIRQGHXU SHXW HQWLqUHPFE
VIQUXSWLYH PHVXUpH VXU OH *UtPVY|WQ
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CHAPITRE Il: Le complexe des Puys
de La VachelLassolas
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2. Le complexe des Puys de La Vache et de Lassolas

2.1La Chaine des Puys

2.1.1 Contexte géologique

ORUSKRVWUXFWXUH

$ OT20LIJRFgQH ] OD OD SDUWLH RFFLGHQWDOH GH C
IRUPDWLRQ GH JUDEHQV RX EDVVLQV GY{HIIRQGUHPHIQW WH
HVW FRPEOp SDU GHV VpGLPHQWY GpWULWLTXHV SXLV PDL
DSSURIRQGLVVHPHQW /H IRVVp GH OD /LPDJQH DWWHLQW
UpJLRQ GH 5LRP NP DX 1RUGRHY&QHUWR@W )HUUDQG

$X OLRFQgqQH ] oD OHV IDLOOHV UHMRXHQW HQ UpSF
EHQWWVBRELW XQ VRXOqQYHPHQW JpQpUDOLVp TXL VH WUDGX
OHVTXHOV VH WURXYH OH SODWHDX GHV '{PHV )LJ ‘POLF
GH OD /LPDJQH j OY(VW FH KRUVW SUpVHQWH DXMRXUGTK
HW VXUSORPEH GH SUqV GH P OH EDVVLQ GH OD /LPDJQH

J)LIXUH 6FKpPD VWUXFWXUDO VLPSOLILp GH OD SRUWLR
FROXIUDWLRQ DFWXHOOH VFKpPD PRGLILp GTDSUqV %RLYLQ

/ID &KDVQH GHV 3X\V )LJ &G3 HVW XQ HQVHPEOH YROFZLC
YROFDQV j OD GLYHUVLWp PRUSKRORJLTXH H[FHSWLRQQHO:
HQ SDvvDQW SDU OHV F{QHV GH VFRULHVY EDVDOWLTXHV S
HVD D /IHV YROFDQV VIDOLJQHQW VXU OH KRUVW FULVW
1RUGXG SDUDOOQOH DX IRVVp GIHIIRQGUHPHQW GH OD /LP]I

68



HVWL@QRHH GTXQH DFWLYLWp YROFDQLTXH GHSXLV SUqV GH
OD FKDVQH DFWXHOOH HVW DFWLYH &RQGRPLQHV HW DO

/W pGLILFHV YROFDQLTXHVY UHSRVHQW GLUHFWHPHQW VXU
SOXV pOHYpV TXH OHXU HQYLURQQHPHQW LPPpGLDW 9HUYV
GRXFH HW UpJXOLqUH LGpDOH SRXU OfpFRXOHPHQW GHV «
VRQW FDQDOLVpHV GDQV GIpWURLWHY YDOOpPHV HERDFDLVVy
SODLQH GH OD /LPDJQH

'HV pWXGHV JpRSK\WWLTXHV DQWpPpULHXUHV RQW SURSRVp

XQLTXHPHQW SDUWLHOOHPHQW UHIURLGLHV VRXV OD &KDv
URFKHV PDJQpWLTXHV HQ SURIRQGHXU $XEHUW HW &DPXYV
&DPXV RQW FRQFOX TXH OfHQYHORSSH H[WHUQH GH FF
GH SUqV GH NP DOODQW GX ODF GT1$\GDW DX &RO GH OD
GH IDLEOH YLVFRVLWp Re OHV RQGHV VLVPLTXHV VH SURSIL
&G3 HQWUH OH *RXU GH 7DJHQDW HW OH 3X\ GH OD 1XJo
ODOKHXUHXVHPHQW OHV GRQQpHV GH FHWWH pWXGH QfpW
VXG (QILQ OfpWXGH JUDYLPpWULTXH GH 7TKpYHQRQ FI
TXHOTXHV NLORPgWUHVY GH GLDPgWUH GDQV FH VHFWHXU
1XJgUH ©6XU OD EDVH GY{DUJXPHQWY JpRFKLPLTXHV HW SpV
GpIHQGX OYK\SRWKqgqVH GIfXQH FKDPEUH PDJPDWLTXH HQFR
GHV 3X\V

&KURQRORJLH

'‘DQV OH ODVVLI &HQWUDO OH YROFDQLVPH GX 7THUWLDLUH
ULFKH HQ pOpPHQWY DOFDOLQV SDU H[HPSOH 9LOOHPDQW
HOQOWUH 20LJRFgQH HW GpEXW OLRFgQH HW ILQ OLRFgQH *= G
DLOVWL. GHUQLHU FKDPS YROFDQLTXH j VIrWUH PLV HQ SODF
OHV SOXV UpFHQWHYV GX WHUULWRLUH PpWURSROLWDLQ /H
HQ pUXSWLRQ DX VHLQ GH OD &KDVQH GHV 3X\V LO \ D SU:

DUUrWpH LO \ D DQV DYHF OJpUXSWLRQ GX FRPSOH[H GF
-RUGDQ HW DO 1IRWRQV QpDQPRLQV TXH OfpUXSWLRQ
GDWH GH SUqV GH DQV HW D HX OLHX DX ODF 3DYLQ %F

GHV 3X\V H[ %RLYLQ HW DO
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J)LIXH &DUWH YROFDQRORJLTXH VLPSOLILpH GH OD &KDVQH
7 K REXW
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2.1.2 Origine du volcanisme de la Chaine des Puys

/IH YROFDQLVPH LQWUDSODTXH

7TURLV FRQWH[WHYV JpRG\QDPLTXHV VH SDUWDJHQW OHV P
VXEGXFWLRQ OHV ULGHV RFpDQLTXHV HW OHV JRQHV LQW
SODTXHV TXTfHOOHVY FRQYHUJHQW VXEGXFWLRQ RX GLYH
JpRG\QDPLTXHVY VRQW OHV VLgqJHV GH OD PDMRULWpP GHV
LQWUDSODTXH D SRXU SDUWLFXODULWp GH QH SDV rWUH

OLWKRVSKpULTXHV FDU LO VH SURGXLW DX VHLQ PrPH GH F
rWUH FRQWLQHQWDO RX RFpDQLTXH VHORQ TXYLO DIIHFWH

DVVRFLp ] XQ SRLQW FKDXG RX GLDSLU PDQWHOOLTXH OH
pWXGLp HW FRPPHQFH j IDLUH FRQVHQVXV &H QTHVW SDV O
TXL DSSDUDvVvW FRPPH EHDXFRXS SOXV FRPSOH[H HQ UDLVR
URFKHVY OHV SOXV pYROXpHV GHV VpULHV PDJPDWLTXHV

H[SKXHU FHWWH ULFKHVVH HQ URFKHV GLIIpUHQFLpHY OD I
IUDFWLRQQpH SRXVVpH j SDUWLU GTXQ PDJPD SHX pYR(
I[UpTXHPPHQW OHV SURGXLWY GT1XQ PrPH YROFDQ

/JHV URFKHV YROFDQLTXHV FRQWLQHQWDOHY VRQW PDMRUI
OF%LUQH\ 'fXQ SRLQW GH YXH JpREKLPLTXH FHV UR
FDUDFWQUH DSSDXYUL GX PDQWHDX VXSpULHXU VRXUFH G
PLQpPUDX[ DFFHVVRLUHV GHV [pQROLWHVY PDQWHOOLTXHV
PYLGHQFH XQ PpWDVRPDWLVPH VH WUDGXLVDQW HQ XQH VL
IXVLRQ GH OD OLWKRVSKgqUH PDQWHOOLTXH PpWDVRPDWL\
LVRWRSLTXHV GHV SURGXLWVY YROFDQLTXHV FRQWLQHQWD.
IXVLRQ GH OD OLWKRVSKqUH PDQWHOOLTXH PpWDVRPDWLV
SURYHQLU GYXQ SRLQW FKDXG RX GTXQH UHPRQWpH DVW
'RZQHV HW 'XSX\

$SUQV DYRLU pWXGLp OTLQIOXHQFH GIXQ SDQDFKH PDQWHC
YROFDQ FHQWUDO GX *UtPVY|WQ FH FKDSLWUH HVW PRWL
PDQWHOOLTXH VRXV OH ODVVLI &HQWUDO TXL DXWDLW DOLTF

2ULJLQH GX YROFDQLVPH LQWUDSODTXH GX ODVVLI &

JTRUQH GX YROFDQLVPH GX ODVVLI &HQWUDO GHPHXUH HQ
8Q SUHPLHU JURXSH GH PRGpOLVDWHXUV GplHQG OTK\SRWHk
HW 5XHJJ SXEOLHQW OHV SUHPLqUHV GRQQpPHV JpRSH
LQWHUSUQWHQW FRPPH FDUDFWPULVWLTXHV GIXQH UHPR(
H[WHQVLYHV DX[TXHOOHV VHUDLW VRXPLVH OD OLWKRVS
UpVXOWDWY )URLGHYDX[ HW DO SURSRVHQW SRXU OF
XQH RULJLQH PDQWHOOLTXH GDQV XQ FRQWH[WH GH SRLQW

GpYHORSSHQW XQ PRGQOH GH GLDSLU )LJ XQ FF
PHWWQDE@WDFH GDQV OD OLWKRVSKqUH FH TXL VH WUDGXL
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VRFOH UGBWDRXH HSHV ULIWV HW OH YROFDQLVPH V\Q ULIW D
VIpWDOHUDLW VRXV OD FURE€EWH JpQpUDQW DLQVL XQ VHE

IXED]JHDX HW DO (QILQ OfpWXGH GHV [pQROLWH
ODVVLI &HQWUDO SRXVVH 1LFRODV HW DO j UpYLVHU O
XQ PRGGgOH EDVp VXU SOXVLHXUV SHWLWV GLDSLUV LQGpSFH

J)LIXUH ,OOXVWUDWLRQ GX PRGqQOH GLDSLULTXH SURSRV|
DXRXUV GX &pQR]JRWTXH VRLW OHV GHUQLHUV 0D 6FKpl
HW 3RUWDO /I1$% FRUUHVSRQG j OD OLPLWH OLWK!|

JHV ODYHV GHV ULIWV HXURSpPHQV RQW GHV VLIQDWXUHV J
GHV EDVDOWHYV GYvOHV RFpDQLTXHV 9LOOHPDQW HW DO
K\SRWKgVHV RQW pWp HQYLVDJIpHV SRXU H[SOLTXHU FHV VL
DYHF XQH FRPSRVLWLRQ HQULFKLH j OD EDVH GH OD OLWK
RFpDQLTXH RX OfDOLPHQWDWLRQ GX YROFDQLVPH SDU
GpIHQGHQW GYDERUG OH PRGQOH GYXQ XQLTXH SDQI
OfpFKHOOH HXURSpPHQQH /D ORFDOLVDWLRQ GHV SURYLQI
PWXGHV JpRSK\VLTXHV HQ SpULSKpULH GHV $OSHV VXJJqUH
6REROHY HW DO IXVWULQR HW :LOVRQ QRQ SDV X
LQGLYLGXDOLVpPY XQ VRXV FKDTXH UpJLRQ YROFDQLTXH F
ODVVLI &HQWUDO &HV SHWLWYV SDQDFKHV VHUDLHQW DOLP
GDQV OYDVWKpPQRVSKgqUH &HWWH WKpRULH IDLW SOXV R
OTK\SRWKgqVH GTXQ SDQDFKH PDQWHOOLTXH 7RXWHIRLV C

GpEDWWXH =H\HQ HW DO SURSRVHQW TXH OHV ULI
XQLTXHPHQW GH OTDFWLYLWp GX SDQDFKH PDQWHOOLTXH
:LOVRQ VIDFFRUGHQW VXU OH IDLW TXH OHV FRQWUDL

VRQW OLpHV j OD VXUUHFWLRQ GHV $0OSHYV
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) LIXH ORGqOH GH SDQDFKH PDQWHOOLTXH DOLPHQWDQW
H /O IXVWULQR HW :LOVRQ PRGLILp GTDSUqV 3RUWD

5{OH M VXUUHFWLRQ DOSLQH ULIWLQJV SDVVLI HW

8Q WHFG JURXSH GITpWXGHV SURSRVH XQH WKpRULH UDGL
VXUUHFWLRQ DOSLQH HVW OTpOpPHQW FOp GH OfRULJLQH

OLFKRQ &HWWH WKpRULH VH IRQGH VXU OfpWXGH GH
YROFDQLVPH OLFKRQ HW OHUOH GHV PRGpOLVDWLRQ®
HW DQDORJLTXHV OHUOH HW DO ID VXUUHFWLRQ L

GH ULIWLQJ OD SUHPLqUH GH W\SH SDVVLI )LJ D OD VH
ULIWLQJ SDVVLI HVW OLpH DX SORQJHPHQW GH OD SODTXH
FUpH OHV $0OSHV /D OLWKRVSKqUH GH OD SODTXH VXEGX
HIWHQVLYHV TXL VH WUDGXLVHQW SDU OfRXYHUWXUH G
GfHIIRQGUHPHQW SpuULDOSLQV /D VHFRQGH pWDSH GH U
OLWKRVSKpULTXH DOSLQH HQ VIHQIRQoDQW GDQV OfTDVW
GLULJp YHUV OYfRXHVW /IfpURVLRQ WKHUPLTXH HW OH VRX
VRQW j OfRULJLQH GX YROFDQLVPH OHUOH HW OLFKRQ

30XV UpFHPPHQW XQ PRGQqOH DOWHUQDWLI D pWp SURSRV
LGHQWLTXH DX SUpFpGHQW VL FH QIHVW TXfLO QYLQYRTX}
UDFLQH OLWKRVSKpULTXH DOSLQH )LJ $LQVL OD VXEG
VWUXFWXUHV H[WHQVLYHV HQWUDVQDQW XQH UHPRQWQpH

OLWKRVSKpPULTXH 'HV FHOOXOHV GH FRQYHFWLRQ VH Pl
OTDVWKpPQRVSKqUH SURYRTXDQW DLQVL SDU GpFRPSUHVV
YROFDQLVPH GX ODVVLI &HQWUDO
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) L IXH D E ORGqOH SURSRVp SDU OHUOH HW OLFKRQ S
GX VLI &HQWUDO HW OYfRULJLQH GX YROFDQLVPH D 'H O
LQIpULHXU XQH SKDVH GH ULIWLQJ SDVVLI UpVXOWH GH OI
SODTXH $IULFDLQH /H IRVVp GH OD /LPDJQH VH IRUPH DO
YROFDQLTXH E $ SDUWLU GX OLRFgQH VXSpULHXU OH ULIW
UpvVRWOWIDH OD VXEGXFWLRQ DOSLQH HVW j OTRULJLQH GX Y

J)LIXUH ORGgOH SURSRVp SDU OH\HU HW )RXOJHU GD
DVWKpQRVSKY DOLPHQWHQW OH YROFDQLVPH GX ODVVLI &H

2.1.3 Evolution pétrogénétique de la Chaine des Puys

/IHV URFKHV GH OD &KDVQH GHV 3X\V RQW!Ps'Wipg D@ HV XOM A KWH (
IpY\ HW VRQW GpFULWHYVY GH PDQLqUH H[KDXVWLYH S
PDMRULWDLUHPHQW DSK\ULTXHV RX SDXYUHV HQ SKpQRFU
URFKHV OHV SOXV ULFKHV HQ FULVWDX[ GH OD &KDVQH C
FRQVWLWXHQW XQ WUqV ERQ H[HPSOH GH VpULH GH GLIIp
IUDFWLRQQpH ODXU\ HW DO 9LOOHPDQW HW DO

DOFDOLQV DX[ WUDFK\WHV HQ SDVVDQW SDU OHV WUDEFK\ |
NP GH EDVDOWHY RQW pWp PLV HQ SODFH GHSXL\5 WR GXD VDV
WUDFK\WLTXHV %RLYLQ HW DO &HV DXWHXUV FRQVWIL

/IHWHUPHYV OHV PRLQV GLIIpUHQFLpVY VRQW GHV EDVDQL

GH OD &KDVQH GHV 3X\V HW pYROXHQW DYHF OH WHPS
HI[HPSOH OH 3X\ GH /D 9DFKH
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IDGLIIpUHQFLDWLRQ DXJPHQWH DX FRXUV GH OfYKLVWEF
EDVDOWLTXHYV DSSDUDLVVHQW YHUYV ND OHV WUDFK\
HW HRVL@ WD FK\WHYV LO \ D N D

J)LIXUH O9DULDELOLWp FRPSRVLWLRQQHOOH GHV ODYHV G
6HORQ ODXU\ HW DO OHV ODYHV GH OD &KDvQH GH
PDJPDWLTXH SURIRQGH 9LOOHPDQW HW DO VXJJIqUHQ

SUHPLqQUH pWDSH DXUDLW OLHX HQ SURIRQGHXU HW QH Vt
FRQVLVWHUDLW HQ XQH pYROXWLRQ GDQV XQH RX SOXVLH>
GYH[SOLTXHU OD JHQqVH GHV WUDFK\WHV HQ SDUWLFXOL
PRGQOH j GHX[ QLYHDX[ SRXU H[SOLTXHU HQ SDUWLFXOLH]
OTKLVWRLUH YROFDQLTXH GH OD &KDVQH GHV 3X\V

(Q EDG/HHFUR€WH YHUV NP GH SURIRQGHXU VH WURXY
SHX GLIIpUHQFLp PD[LPXP WUDFK\ EDVDOWHYV

$XWRXUMNBMH GH SHWLWHYV FKDPEUHYV IRUPHUDLHQW XQ V

&THVW DX VHLQ GH FH VHFRQG QLYHDX TXH OD GLIIpUF
WUDFK\WHYV

&RQWUDLUHPHQW DX PRGgQOH GH 9LOOHPDQW HW DO 1

OD FKDPEUH SURIRQGH WDQGLVY TXH OHV URFKHV OHV SO.
VXSHUILFLHOOHPHQW
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SRXWPMWQHW LO IDXW QRWHU TXH OD JpRFKLPLHWHFRWRSLTX

7K 7K HW OHV LVRWRSHV GH OTfR[\JgQH D PLV HQ pYLGH
QpJOLJHDEOH ORUV GH OfpYROXWLRQ PDJPDWLTXH VRXV O
JUF® HW DO

I MPWXGH GHV LQFOXVLRQV PDJPDWLTXHV SRXUUDLW DSSRU
GHV SURFHVVXV GH GLIIpUHQFLDWLRQ /H YROFDQ OH SOXV
FRPPH FLEOH SRXU FHWWH pWXGH j VDYRLU OH FRPSOH[H |,

2.2 Le conplexe des Puys de La Vache-Lassolas

2.2.1 Les composants du complexe des Puys de La Vache-Lassolas

'"HX[ F{QHV MXPHDX[ pJXHXOpV

/JHV F{QHV GH VFRULHV GH /D 9DFKH HW /DVVRODV VH VRQ\
OTRXHVW GX 3X\ GH OD OH\ )LJV TXL VRQW HX[ DXV
OHUF°XU WpPRLJQH GIXQH DFWLYLWp SOXV DQFLHQQH HW t
WDQGLV TXH OH 3X\ GH /D OH\ GDWH GH “ ND *XpULQ
GH /D 9DFKH /DVVRODV D pWp GDWpH | DQV SDU WKHU
-RUGDQ HW DO JHV 3X\V GH /D 9DFKH HW /DVVRODV ¢
FKHYDO DYHEF XQ pJXHXOHPHQW YHUV OH VXG RX OH VXG \
)LJ GH FH VHEWHXU D SHUPLV j -RUGDQ HW DO Gl
PGLILFHV

/IH3X\ GH /D 9DFKH V{pOgYH GH P VXU OH SODWHDX
DOWLWXGH GH P LO D XQ GLDPqWUH HQ EDVH GH F
GH GLDPgWUH

/IH 3X\ GH /I DVVRODV HVW TXDQW j OXL XQ SHX SOXV YF
DWWHLQGUH P ,O0 IDLW P GH GLDPgWUH HQ EDVH
GLDPgqQWUH
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) L JXH ,PDJH /LGDU &5%,* $3(, 6,17(*5$% GX FRPSOHI[H
PROQWIDOHQ@WHY GHRERIQHVOD OH\ VIDSSXLHQW VXU OH 3X\ G
IDFKHLUH GT$\GDW HVW OD FRXOpH TXL SUHQG QDLVVDQF
SRVVLEOHPHQW j FDXVH GH OD SUpVHQFH GYXQ ULIW YLVLE
,PDJH H[WUDLWH GH -RUGDQ HW DO

/ID FKHLUH GT1$\GDW

/IHV GHX[ F{QHV RQW DOLPHQWp XQH FRXOpH EDVDOWLTXH
EORTXD XQH YDOOpH FH TXL IRUPD OHV ODFV G1$\GDW
FRQWHPSRUDLQH GH OYpGLILFDWLRQ GHV F{QHV GH VFRUL
HQWLHUV GHV F{QHV IDYRULVDQW OHXU pJXHXOHPHQW

/IHV UHWRPEpHVY GH WHSKUD

/IH WURLVLgPH FRPSRVDQW GX FRPSOH[H GHV 3X\V GH /D 9
UHWRPEpHVY GH WHSKUD GH PrPH FRPSRVLWLRQ WUDFK\ ED)
FRXOpH GH ODYH &HV UHWRPEpHVY GH WHSKUD VH GLVWLQJ
OD &KDVQH GHV 3X\V SDU OHX)WWUDQGH pWHQGXH N P
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) L IXH &DUWH GHV GpS{WV GH OfJpUXSWLRQ GHV 3X\V GH
OTpWHIHXHHWRPEPHY GH WHSKUD HQ JULV IRQFp OHV F{Q
GT$\GDW VFKpPD PRGLILp GYDSUQV -RUGDQ HW DO

2.2.2 Histoire éruptive du complexe La Vache-Lassolas

/IHV SURGXLWYV pUXSWLIV GX FRPSOH[H /D 9DFKH /DVVRODYV
WUDFK\ EDVDOWLTXH %RLYLQ HW DO 'HX[ VWDJHV GT
TXDOLILp FHWWH pUXSWLRQ GH VXE SOLQLHQ&RAM HIWRANVVL
OTI W WP D FRQVLGpUDEOHPHQW YDULp DX FRXUV GH Ofpl
JUKFH j XQH pWXGH WH[WXUDOH GpWDLOOpH GHV SURGXLW\
SKDVHV pUXSWLYHVY GLVWLQFWHYV

S3KDVH GTLQLWLDWLRQ VpTXHQFH /

I MPUXSWLRQ D FRPPHQFp SDU XQH SKDVH WUqV pQHUJpWLT.
G\NH D\DQW DOLPHQWpP OTpUXSWLRQ DXUDLW FRQVWLWXp X
-RUGDQ HW DO &HWWH SRFKH GH JD] DXUDLW pJDOHP
TXDQWLWpV GLVSHUVpHVY GH PDJPD OHQDQG HW 7DLW
SRLYUH HW VHO GX GpS{W EDVDO /

3KDVH VXE SOLQLHQQH VpPpTXHQFH /

&HWWH SKDVH HVW GI{LOQWHQVLWp FURLVVDQWH DYHF XQH
FRUUHVSRQGUDLW DX GpEXW GH OfYpGLILFDWLRQ GHV GHX]|
LQIpULHXUH GH OD FRORQQH pUXSWLYH FRPPH VXJJpUp SL
VFRULHV GH /IDWKURS :HOOV 86% /HV GHX[ F{QHV RQW SUF
pUXSWLYH OHV GHX[ FRORQQHV SRXYDQW rWUH UpXQLHV H

VH WHUPLQH SDU XQ SLF GYfH[SORVLYLWp DX VRPPHW GH (

78



3KDVH VWURPEROLHQQH YLROHQWH VpTXHQFH /

&HWWH SKDVH FRUUHVSRQG DX GPEXW GH OD PLVH HQ SOL
VIQFKURQH GIXQH SKDVH GIpMHFWLRQ FRQVWDQWH GH WH.
FHWWH VpTXHQFH TXL D SUREDEOHPHQW OH SOXV FRQWUL
/IDVVRODV /D FRXOpH GH ODYH VH PHWWDQW HQ SODFH HQ
a 6HORQ 3LROL HW DO OD FRH[LVWHQFH GYDFWLYLW
GIXQ PrPH pGLILFH SHXW VJH[SOLTXHU SDU XQH VpSDUDWI
PDJPD ULFKH HQ JD] EXOOHV HW JD] GLVVRXV TXL YD VH
PDJPD GpJD]p TXL YD VIpFRXOHU HQ VXUIDFH -RUGDQ HW C
PLVH HQ SODFH GYXQH LQWUXVLRQ VXSHUILFLHOOH ODWp!
PDJPD ULFKH HW SDXYUH HQ JD]

3KDVH VWURPEROLHQQH YLROHQWH VpTXHQFH /

$X GPEXW GH FHWWH VpTXHQFH OD SUpVHQFH GH VERULHYV
OH PDJPD GpJD]p GDQV OH FRQGXLW UpVXOWDQW GH OD S
FODVWHV GH IDLEOH GHQVLWp IRUWHPHQW YpVLEXOpV HW
SURGXLWY SURYLHQQHQW GfXQ © QRXYHDX 2 PDJPD SRVVL
GDQW\WMVgPH HW FDUDFWpULVp SDU XQH YLWHVVH GIDVFHC
GH FHWWH VpTXHQFH OHV FODVWHYV GHYLHQQHQW GH SOX
FULVWDX[ OLEUHV DXJPHQWH OH PDJPD HVW GH SOXV H
GHYLHQQH SXUHPHQW HIIXVLYH -RUGDQ HW DO

&RXOpH GH ODYH VpTXHQFH /

&HWWH VpTXHQFH HVW PDUTXpH SDU OTDUUrW GH WRXWH DI
GH OD PLVH HQ SODFH GH OD FRXOpH GH ODYH DSSHOpH © |
UHPDUTXDEOH GH NP )LJ -RUGDQ HW DO RQW T
SDU OTpUXSWLRQ GX FRPSOH[H /D 9DFKH /DVVRODV 7DEOH
PDWpULHO pPLVY DX FRXUV GH FHWWH pUXSWLRQ OfD pWp G
GH FRQFOXUH TXH OD VpJUpJDWLRQ GHV JD] HW OH GpJD]DJ
HW TXJLO V{DJLW GHV SULQFLSDX[ IDFWHXUV D\DQW FRQW!

/ID GLVSHUVLRQ GHV GpS{WV GHV SKDVHV / |/ HVW SOHLQ
PPWPpRURORIJLTXHV QTIRQW OLHX TXH TXHOTXHV MRXUV SDU
OLHX GDQV XQ LQWHUYDOOH GH WHPSV UHVWUHLQW -RUGI
SKDVH / HVW GLIIpUHQWH HVVHQWLHOOHPHQW YHUV Of(V
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7TDEOHDXWLPDWLRQV GHV DLUHWQ VYR QXRAFHNV ( oMLY BQ M@ WM Q W
SURGXLWY GH OTpUXSWLRQ GX FRPSOH[H /D 9DFKH /DVVROL

2.2.3 Echantillons étudiés

/JHV pFKDQWLOORQV pWXGLpV RQW pWp VpPOHFWLRQQpPV DX
FRPSDJQLH GHV DXWHXUV GH -RUGDQ HW DO 1RWUH
H[SORVLI GH OfpUXSWLRQ TXL FRUUHVSRQG j OD VpTXHQFF
JHOLHX GIpFKDQWLOORQQDJH HVW DSSHOp 4 D GDQV OfDUW
PjOJHVW GX FUDWQUH GX 3X\ GH /D 9DFKH )LJ ,O VIDJI
P GRQW OD WpSKURVWUDWLJUDSKLH D pWp FDUDFWpULVpH
)L D /HV pFKDQWLOORQV FROOHFWpPV 39/ SRXU 3X\ GH /
GHV WHSKUD FHQWLPpWULTXHV DX PLOLHX GH OD VpTXHQFI
GIXQ PqQWUH GDQV OH ORJ GH OD )LJXUH D (QYLURQ NJ ¢
30XV GH NJ GH WHSKUD RQW HQVXLWH pWp SUpSDUpV Si
LQFOXVLRQV PDJPDWLTXHV SULPDLUHV /HV SKpQRFULVWD)
RQW pWp VpSDUpV SRXU OfpWXGH GH OHXUV LQFOXVLRQ
OpWKRGHYV
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) L IXH DE $IIOHXUHPHQW 4 D D J/RJ VWUDWLJUDSKLTXF
B D) /ID SKDVH VXESOLQLHQQH / D XQH3KRMNKRINHXIUKGH S
EDVH GH OYDIIOHXUHPHQW $ VD EDVH VH WURXYH XQ SDO|
IDLW SUqV GH FP G{pSDLVVHXU HW HVW FRPSRVp GH WH
OLWKLTXHV EODQFV GH PrPH WDLOOH PpGLDQH PP -]
JURVVQHV WHSKUD DOODQW HOVEVPHBRQ WHXKQ TPWUD\Q RPODVVHPH ¢
PpGLDQH HVW DLQVL FRPSULVH HQWUH HW PP -RUGD
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2.2.4 Pétrologie : nature et composition des phases en présence

/JHV WHSKUD FHQWLPPpWULTXHV SUpOHYpV DX SRLQW 4 D VR
PDWULFLHO HW VRQW WUQV SDXYUHV HQ SKpQRFULVWE
FRPSOLTXp OD VPOHFWLRQ GHV FULVWDX[ 3DU RUGUH GYDE
GHV FOLQRS\UR[qQHV HW GHV SODJLRFODVHV &HV FULVWD.
HW —P FH TXL SHUPHW OfpWXGH GHV LQFOXVLR
FRPSRVLWLRQV GHV SKpQRFULVWDX[ GH OHXUV LQFOXVLR(
GHV FULVWDX[ VRQW SUpVHQWpPHY HQ $QQH[HV ,,, HW ,

9HUUH PDWULFLHO

/JHV YHUUHV PDWULFLHOV RQW XQH FRPSRVLWLRQ OpJ
WUDFK\EDVDOWLTXH HW ULFKH HQ DOFDOL@WH ,0VjFRQWLHC
SGV GH 0J2 PR\HQQH GH i GH )H2 PR\HQOQ

.2 PR\HQQH HW GH PR\HQGH 7L2 WRXW F
FRQFHQWUDWLRQV VRQW HQ SRXUFHQWDJHV SRQGpPUDX[

OHV YHUUHV PDWULFLHOV VH SRVLWLRQQHQW PDMRUI
DYHF TXHOTXHV GRQQpPHYV GDQV OH FKDPS GHV WpSKULWH
URFKHV WRWDOHY OHV SURGXLWV GH /D 9DFKH HW /DVVRO
HW DO %RLYLQ HW DO

J)LIXUH ‘'LDJUDPPH 7$6 GH /H ODLWUH HW DO IHV C
GX FRPSOH[H /D 9DFKH /IDVVRODV WRPEHQW GDQV OHV FK
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DQGHVIBDVDOWLTXHV 4XHOTXHV 0, GDQV GHV ROLYLQHV V|
HVW SIOPKMH HQ DOFDOLQV TXH OHV OLTXLGHV SLpJpV GDQV
ODXU\ HW DO HVW GDQV OH FKDPS GHV WUDFK\ EDV
SODJLRFODVHV VRQW OHV SOXV ULFKHV HQ DOFDOLQV FH:
GHX[ HI[WUrPHVY /H UHFWDQJOH URXJH FRUUHVSRQG j OD Y
K{WHV GHV 0, GH -DQQRW

$LQVL GTIDSUqV OD FODVVLILFDWLRQ GH /H ODLWUH HW DO
LPSOLTXpV GDQV FHWWH pUXSWLRQ GX FRPSOH[H /D 9DFKI
EDVDOWLTXH HW WUDFK\ DQGpVLWH EDVDOWLTXH 3RXU F
VSpFLDOLVpPH HQ IRQFWLRQ2GH WHQHXUV UHODWLYHV HC

7TDEOHDX &ODVVLILFDWLRQ GHV URFKHVY LQWHUPpPpGLDLU
'Y{D§V /H ODLWUH HW DO

/JHV FRPSRVLWLRQV GHV GRQQpHV YHUUH PDWULFLHO GH /I
FDWpJRULH SRWDVVLTXHRY.RFGHH PRAHQQHIGMWDQGLV TXF
VRGWXW{W VRGLTXHV DYHF XQH PR\HQQH GH “ 1
/IDODFKH /DVVRODV HVW GRQF VRLW XQ WUDFK\ EDVDOWH SF
LQFOXVLRQV VRQW SOXW{W GHV KDZDLLWHV HW GHV PXJpD
DO HVW XQ pFKDQWLOORQ GH OD FKHLUH G{$\GDW ,0 V'
1D2 .2 GH

3KpQRFULVWDX]

SODJLRFOBI¥VHEHUDIJLRFODVHY GX FRPSOH[H /D 9DFKH /DVVRO
pPWXGH GpWDLOOpH HQ UDLVRQ GH OHXU UDUHWpPp /HV GHX]
HW $Q

&OLQRS\URQPHOQWKGVH VXU OHV FOLQRS\UR[qQHV &S[ GHV EL
D pWp HIIHFWXpH SDU %RXPHKGL JIDXWHXU D LGHQWL
9DFKH /DVVRODYV
GHV &S[j F°XU UHODWLYHPHQW DXWRPRUSKH
GHV &S[ j F°XgJ UpVRU
GHV &S[ VDQV LQFOXVLRQV HW IRUWHPHQW FRUURC
GHV &S[ DYHF GHV LQFOXVLRQV GH NDHUVXWLWH |
ULFKH HQ WLWDQH

6HXOV OHV GHX[ SUHPLHUV JURXSHYVY VRQW UHSUpVHQWpPV (
DXWRPRUSKH RQW GHV WHQHXUYVY HQ DOXPLQHE FR®PIBYHYHV }
WBR®D |RQDWLRQ F°XU ERUGXUH VH WUDGXLW SDU XQH DXJF
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DXWRPRH®KIBDU XQH GLPLQXWLRQ GX 0J GDQV OHV &S| j
PFKDQWLOORQQpPY RQW XQ 0J FRPSULV HQWUH HW D

20LYLQHWOLYLQHVY SURYHQDQW GH FHWWH pUXSWLRQ RQW
QTHVW SDV SULPLWLYH OHXUV WHQHXUVHMWQ |RY WW pULiW H
PR\HQQH GH

/JHV ROLYLQHV OHV SOXV SULPLWLYHV GH OfpUXSWLRQ GX |
RQW OJREMHW GJIXQH pWXGH DSSURIRQGLH GDQV OH FDG
FRQFHQWUDWLRQV HQ pOpPHQWY PDMHXUV HW YRODWLOV
PDJPDWLTXHV GH FHV ROLYLQHV VRQW LQFRUSRUpPHV GD(
FRPSRVLWLR QRMIONQLK KBH KHWHY HVW UHSUpVHQWpPH SDU OH

/W FOLQRS\UR[qQHV GH QRWUH pWXGH IRQW HQWUH HW
HW OHV SODJLRFODVHV HQWUH HW —P -DQQRW (
i PP FRUUHVSRQGDQWY DX W\SH GH %RXPHKGL H W

WHSKUD GH /D 9DFKH /DVVRODYV

/IHV LQFOXVLRQV PDIJPDWLTXHYV

JITREWHQWLRQ GILQFOXVLRQV PDJPDWLTXHV SULPDLUHV pV
&THVW SRXUTXRL FULVWDX[ RQW pWp PRQWpV VXU ODPH
GILQFOXVLRQV PDIJPDWLTXHV HQ OHXU VHLQ $SUQV OHV Gl
FULVWDX[ RQW pWp DQDO\VpV j OD PLFURVRQGH pOHFWUF
0, SKpPpQRFULVWDX[ SUpVHQWHQW GHV SODJHV GH YHUUH
RQW pJDOHPHQW pWp DQDO\WpPHV &LQT SKpQRFULVWDX[ VR
HW FRQWLHQQHQW DX PRLQV XQH 0, /HV LQFOXVLRQV PDJP
GH SKPQRFULVWDX[ GH FOLQRS\UR[gQH ROLYLQH HW SODJL
FORS\UR[gJQHV FRQWLHQQHQW LQFOXVLRQV PDJPDWL
ROLYLQHV FRQWLHQQHQW LQFOXVLRQV PDJPDWLTXH
HW SODJLRFODVHV FRQWLHQQHQW LQFOXVLRQV PDJ

/JHV LQFOXVLRQV GDQV OHV FOLQRS\UR[qQHV IRQW HQWUH
SODJLRFODVHVY HQWUH HW —P HW FHOOHV GDQV OHV R

IV LQFOXVLRQV GDQV OHV ROLYLQHW SOHWIEQWH QWL PEMVFI
GH FHOOHY GDQV OHV FOLQRS\UR[gQHV HW OHV SODJLRFOI
FRQFHQWUDWLRQV OHV SOXV pOHYpHVY ,0 HVW pJDOHPHQW
PDJPDWLTXHV GLVWLQFWHYV JUKkFH j FHWWH ILJXUH DYHF
JUKFH j OD )LJ F TXL SHUPHW GH SURSRVHU GHX[ WHQG
GLVWLQFWHYV
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"LIIpUHQFLI

JLJXH D&BPSRVLWLRQV GHV LQFOXVLRQV HW GX YHUUH PD
9FKH /DVVRODV /HV HUUHXUV SUpPpVHQWpPHY VRQW GHV HUU
PRQWUHQW TXH OHV DQDO\WHV GHV LQFOXVLRQV VRQW VL.
PDWULFLHO HW TXH OHV LQFOXVLRQV GHV ROLYLQHV RQW C
D OHV IOgFKHV WUDGXLVHQW GHV UDSSRUWV 7L . GLIIpUF
WHQGDQFHY GH GLIIpPUHQFLDWLRQ GLVWLQFWHYV

2UBUGH FULVWDOOLVDWLRQ

&ODVVLTXHPHQW OYROLYLQH HVW OD SUHPLqQUH SKDVH j F
FRPPH FHOD HVW OH FDV j +DZDLL H[ (JJLQV '‘DQV OH F
&5% 86% OD SKDVH DX OLTXLGXV SHXW rWUH OH &S[ ORU’
VRLW DX PRLQV *3D 7DNDKDVKL HW DO

/H SUHPLHU FDV HVW OH SOXV FODVVLTXH HW SHUPHW OfF
PLQLPDOH HOOH HVW LQIpULHXUH j OTfDSSDULWLRQ GH Of
MXVWQDLDO®WVH GHV LQFOXVLRQV GDQV OHV ROLYLQHV OHV
PDQWHOOLTXHV GYRs OH WUDYDLO GH -DQQRW 'DQ\
PDQWHOOLTXH HVW WUqV IDLEOH /DSRUWH HW DO RQ\
VRQW GHV SKRQROLWHV 0J2 GH OJRUGUH GH S[D®BW FH

FHOOH G20 DX OLTXLGXV /fpWXGH GHV FRQGLWLRQV Gt}
EDURPqQWUHY XWLOLVDQW OfpTXLOLEUH &S[ OLTXLGH TXL "
OfRUGUH GH *3D 3XWLUND SRXUUDLW SHUPHWWUH
GIpWXGLHU FH SUREOqPH OD SDUWLH 3 MZHGW ©RTQMIGHM H
PTXLOLEUHV FULVWDX[ OLTXLGHV GH /D 9DFKH /DVVRODV W
YROWWDQV OHV OLTXLGHV WUHPSpV 0, HW YHUUH PDWULFL
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D Wp SURSRVp TXYLOV MRXDLHQW XQ JUDQG U{OH GDQV
YROFDQLTXHV FRQWLQHQWDOHYVY H[ 6SHUD =LPPHU HW

2.3 Comportement des éléments volatils S, Cl et F et contexte
géodynamique.

2.3.1 Teneurs en SCI et Fdes inclusions et du verre matriciel

JHV WHQHXUV HQ VRXIUH FKORUH HW IOXRU RQW pWp PHYV
SUpVHQFH YHUUH PDWULFLHO HW YHUUH GDQV OHV LQFO)
WHSKUD GH *UtPVY|WQ OH IOXRU HVW LFL SUpPpVHQW HQ T!
PLFURVRQGH pOHFWURQLTXH /HV LQFOXVLRQV PDJPDWLT)
SUpVHQWHQW GHV FRQFHQWUDWLRQV HQ YRODWLOV FRPSU
HW SSP SRXU OH FKORUH HW HQWUBX 3RXU S
FRPSDUDLVRQ OHV WHQHXUV HQ pOpPHQWY YRODWLOV GD
SSP GH 6 HQWUH HW SSP GH &0 HW HQWUH HW
*OREDOHPHQW OHV LQFOXVLRQV GDQV OHV PLQpUDX[ IHUU
) HW HQ 6 TXH FHOOHV FRQWHQXHV GDQV OHV SODJLRFODYV
VLIQLILEDWLYHPHQW SOXV SDXYUHV HQ &O TXH OHV DXW!
FRQFHQWUDWLRQ VLPLODLUH DX[ WHQHXUV HQ &0 PLQLPDC

7DEOHBXODQ GHV FRQFHQWUDWLRQV HQ pOpPHQWY YRODW
IRQFWLRQ GX PLQpPUDO K{WH 30 &S[ RX 20 HW GDQV OH "
9DFKH /DVVRODV

2Q SHXW FRPSDUHU QRV PHVXUHV DYHF FHOOHV IDLWHYV
PDIJPDWLTXHV SULPDLUHVY FRQWHQXHYV GDQV GHV ROLYLQH'

7TDEXOH/HV WHQHXUV HQ pOpPHQWY YRODWLOV GHV LC
SULPLWLYHV VRQW QHWWHPHQW LQIpULBKUHW j ODJSOXSD!
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3DUBRYV PHVXUHV XQH VHXOH D pWp IDLWH GDQV XQH LQFO
SUPpVHOQWFHWLYHPHQW GHV WHQHXUV HQ YRODWLOV SOXV IC
DFFRUG DYHF OHV WHQHXUV PHVXUpHV SDU -DQQRW S H[ )
GRDQLqQUH LQFRPSDWLEOH DX FRXUV GH OD FULVWDOOLVDYV
GDQV OD SKDVH OLTXLGH HQ OYDEVHQFH GH SKDVH JD]HX\
GHV LQFOXVLRQV PHVXUpHV GDQV GHV ROLYLQHV PRLQV P
)L J

7DEOHDX &RQFHQWUDWLRQV HQ pOpPHQWY PDMHXUV HW
SOXV WUYPN WURXYpHV GDQV OHV WHSKUD GX 3X\ GH /D 9D|

2Q UHPDUTXH TXH OHV FRQFHQWUDWLRQV HQ pOpPHQWV Y
FHOOHV GH FHWWH pWXGH HW QYDIIHFWHQW GRQF SDV OH\
OHV WHQHXUV HQ pOpPHQWY YRODWLOV GHV LQFOXVLRQV
FHOOHV GHV ROLYLQHV GHHYRMOHH H@AX G Y ROIDEDIHDWK 6 HW &
LQFRESIHWLGDQV OHV PDJPDV EDVDOWLTXHV VLOLFDWpV ¢
HVMIYLEOH SOXV VRQ LQFO XV L8R8 WFHHOLD HW W W R IW UPKHHS D Q
)LJ DE /D VHXOH LQFOX\WIRQ TXOMWVL XQ@H QRO IGYH. SR LP L W |
FULWQUHV GH -DQQRW SUPVHQWH OHV SOXV IDLEOHYV
GX JHR®EV 20 0, )LJ

'‘DQUD ILIJXUH D OD WHQHXU HQ ) GX YHUUH PDWULFLHO
HIWVWRDDQW OD IOgFKH GH GLIIpUHQFLDWLRQ ,0 HQ HVW GH
FH QYfHVW SDV OH FDV SRXU OH 6 )LJ D HQ HIIHW OfH[V

8Q GpODH GX VRXIUH
/ID IRUPDWLRQ GH VXOIXUHVY HW OHXU VpJUpJDWLRQ J

OTpUXSWLRQ GH GH *UtPVY|WQ 6LJPDUVVRQ HW D
/ID IRUPDWLRQ GIYXQH DXWUH SKDVH TXL SXLVHUDLW
%RLYLQ HW &DPXV RQW DLQVL GpPRQWUp OTHI[L\

GDQV GHV V\VWgPHV PDJPDWLTXHVY GH OD &KDvQH GH

3RXU PLHX[ FRPSUHQGUH OH FRPSRUWHPHQW GX VRXIUH F
OHV OLTXLGHV GDQV CH J&AUDJUD@WH KB EMUQLHU OHV LQFO
ROLYMQBWWHFOLQRS\UR[qQHV GpILQLVVHQW XQH WHQGDQFF
SODJLRFODVHV QH IRQW SDV SDUWLH &HWWH REVHUYDWL
FULVWDO K{WH RQ UHYLHQGUD VXU OH FDV GHV LQFOXVLR
GDQV OHV 20 HW OHV &S[ PRQWUHQW 2Q i YHRRJ X QD B/W R QW
FRUUpPpODWLRQ TXL SDVVH SURFKH GH OJRULJLQH &HOD VL
GHJGYVYQFRPSDWLELOLWp VLPLCDUKHWW H WX DXH POHD WDSBEWY
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GH OD FULVWDOOLVDWLRQ GX PDJPD YDOHXU PR\HQQH
PHVXUHV IDLWHV VXU OHV LQFOXVLRQV GDRV GHVDD®R BRX G|
TXH SUDWLTXHPHQW WRXV OHV YHUHV P DWHWRNHZY\D @KXW
FRUUHVSRQG DXVVL j XQH UXSWXUH GDQV OfpYROXW
SSP GDQV OJLQFOXVLRQ OD SOXV ULFKH j PRLQV GH SSP

JLJXUH D E &RQFHQWUDWLRQ HQ 6 HW ) )LJ D HW HQ
GDQV GHV FULVWDX[ GJTROLYLQH 20 0, HW GH SODJHV GH
90 HQ IRQFWLRQ GH OD WHQHXU HQ IRUVWpPULWH )R HOQ
FRUUHVSRQGHQW DX[ LQFOXVLRQV GH -DQ@EOWQV OD )IHV | @q
E YLVXDOLVHQW TXDOLWDWLYHPHQW OYDXJPHQWDWLRQ GH
DX FRXUV GH OD FULVWDOOLVDWLRQ GHV PDJPDV EDVDOW
GLIIpPUHQFLDWLRQ /D VDWXUDWLRQ HQ 6 HVW DWWHLQWH

HQWUH VXOIXUHV HW OLTXLGH VLOLFDWp RX OD SUpFLSLWE

&HWWH FKXWH GHV WHQHXUV HQ VRXIUH PDWpPULDOLVH
FRQVLGPUDEOH SUqQV GH GX 6 SUpVHQW LQLWLDOHPHQV
6L OTRQ SUHQG SRXU Upl pRIHQFHD OB GIHDH OB \HQQBPXXVLRQ"

HW TXH OfRQ FRQVLGQUH TXH OH SRWDVVLXP VH FRPSRU
OD YDOHXU G HVW ®MVWHLQWH SRXU XQ GHJUp GH FULVWD

FULVWDOOLVDWLRQ LPSRUWDQW DERXWLW SUDWLTXHPHQW
SSP
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AXHODMV OD SODFH GHV LQFOXVLRQV GDQV OHV SODJLRFO
FRQWLHQQHQW HQPIDURQVHXOHPHQW a SSP 6 j2WHQHXU
HB® VRQW GRQF GHX[ IRLV PRLQV ULFKHV HQ VRXIUH TXH
FOLQRS\UR[qQHV 8Q SURFHVVXV WDUGLI WHO TXH OD FUI
H[SOLTXHU FHV FDUDFWpPULVWLTXHV SXLVTXH D HINFROFHR U
SODJLRFODVH GHYUDLW VH WUDGXLUH SDQ\XQH DXIKHGQW D!
GLPLQXWLRQ (Q VIDSSX\DGW VXUHW WKHIQBINY WEQHXUV Uk
HQ 6 LO HVW WHQWDQW GH SURSRVHU TXH OD FURLVVDQF
LQFOXVLRQV VH SURGXLW SHQGDQW OD SKDVH GfH[VROX\
HIVROXWLRQ RX TXJHOOH VRLW XQH FRQVPTXHQFH GX GpJD

(QILQ GDQV OD SUHPLqUH SDUWLH GH FH FKDSLWUH OfDE\
OD PRELOLVDWLRQ GH SOXVLHXUV UpVHUYRLUV DX[ FRP
OfHVWLPDWLRQ GH OD FRQFHQVEUHXWVLEGRF cKVPQRRD H\Q ER QD
PROQWUHQW OHV YDOHXUV PLQLPDOHV HW PD[LPDOHV TXH O
VRXIUH 8QH UpJUHVVLRQ OLQpDLUH U®d 2XGWRXAWEQRW
OHV 0, GDQV GHV FULVWDX[ IHUURPDJQpPVLHQV HVW PDWp!
GfREWHQLU XQH YDOHXU PD[LPDOH PR\HQQH GH 6 GH
OfpUXSWLRQ GX FRPSOH[H /D 9DFKH /DVVRODV PDWpULDOL
HVW IRUFpH j SDVVHU SDU OTRULJLQH FDU LO D pWp PRQ'
OTLQFOXVLRQ YHUV OfROLYLQH *DHWDQL HW DO

JLIXUH &RQFHQWUDWLRQV HQ 6 HQ IR @HMLERAD XGH\R G\
PDJPDWLTXHV 0, HW GX YHUUH PDWULFLHO 90 GX FRPSC
© &9, * FRUUHVSRQG DX[ LQFOXVLRQV GDQV GHV FULVWDX]
GHDQQRW VRQW UHSUpPVHQWpPHV SDU OHV FHUFOHYV

OfpYROXWLRQ FRPSRVLWLRQQHOOH GHV LQFOXVLRQV GDQ
OHV YDOHXUV PLQLPDOHV HW PD[LPDOHV TXH OfJRQ SRXUU
PDJPD LQLWLDO &HV IOqFKHV UHIOgQWHQW V\PEROLTXHPHC
SURIRQGHXU /D IOgFKH HQ YLROHW PDWpPULDOLVH OJH[VR
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WHQHXU HQ VRXIUH PR\HQQH DX GPEXW GH OJH[VROXWLRQ
PR\HQQHV j 1

'DQV OH GL&OWDRPHLI WHRE R/GHQYpBEYV VXU OHV LQFOXVLRH
VIDOLIJIQHQW VXU XQH PrPH GURLWH SDVVDQW SDU OfTRUL
SODJLRFODVH 2Q SHXW QRWHU OH WUqV ERQ DFFRUG HQW
FRPSRUWHPHQW GX FKORUH HW GX SRWDVVLXP SHXW V{HI[S
GHV GHJUpV GILQFRPSDWLELOLWp VHPEODEOHYV GDQV OHV
OLFKDHO HW &RUQHOO DX FRXUV GH OD DRAUIPWHOQINCHIDW |
PDLVY OH UD3SRHMWWBERQVWDQW LFD &0XV SRWDVVLTXH G}
GDQV OH 30 HW OD PDMRULWp GHV YHUUHV PDWULFLHOV V|
GHV LQFOXVLRQV PDIJPDWLTXHYV FHOD W2UDGAXERXXQB LG\ P
HQ UHODWLRQ DYHF OD SUpFLSLWDWLRQ GTXQH SKDVH ULFE
FRQWUDLUHPHQW DX FDV GX VRXIUH RQ QYREVHUYH SDV C
VLIQLILH TXH OD YRODWLOLWp GX FKORUH HVW WUqV LQIp!
WHQGDQFH pYROXWLYH QHWWH TXL VH GpJDJH SRXU OHV
GLPLQXWLRQ GX &0 DYRFWNX4NHIPWHPWH. RJFIPKHQWDWLRQ GX
GX2 FYHVW PrPH GDQV XQ YHUUH PDWULFLHO TXH OfRQ D
SOXV GH SSP GH OfHQVHPEOH GH OD EDVH GH GRQQp
QpJOLJHDEOH

YLIXUH &RQFHOAMWD ¥2QB.AV HQFOXVLRQV PDJPDWLTXHV
PDWULFLHO 90 GX FRPSOH[H /D 9DFKH /DVVRODV /HV 0, G
GH -DQQRW HW GRQQpHV VXU GDQVFAB\A®DIUYVHQWGE

UDSSRUW PR\HQ IOqgFKH Qf /ID SOXV SRWDVVLTXH GHV G|
PDWULFLHOV VH SODFHQW VRXV OD IO0OgFKH FR2 AL WUD
UHODWLRQ SRVVLEOH DYHF OH GpJD]DJH /H FRPSRUM\AHWR H C
SDV FODLUHPHQW GplLQL 10gFKHV YHUWHY /HV HUUHXUV

(QILQ LO UHVWH OH IOXRU ,0\ D JOREDOHPHQW SOXV GH )
SRXUTXRL OTHUUHX W \UWMGIHNEY §VVEH OH ' 7DEOHDX 1pD
PRQWUH TXH OH UDSSRUW )0& ® R/@W LOH § HXO XK HJ LOFHK\H ¥ HQ &
TXH OHV 0, GDQV OHV ROLYLQHV OHV SOXV SULPLWLYHV
KDORJGQHYV
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YLIXUH &RQFHQWUDWLRQV HQ ) HW HQ &0 GHV LQFOXV]
/IDVVRODV /H UDSSRUW ) &0 HVW JOREDOHPHQW FRQVWDQW
GH OD OLPLWH GH GpWHFWLRQ GX ) /HV HUUHXUV SUpVHQW

232 4XDOWLILFDWLROQ GHY PDVVHVY GH YRODWLOV pPLVHV

/ID © PPWKRGH SpWURORJLTXH 2 SHUPHW GH TXDQWLILHU ¢
OHVTXHOOHV OHV REVHUYDWLRQV SDU VDWHOOLWH QfpWL
GRQQp HOOH HVW EDVpH VXU OD GLIIpUHQFH; H@®WU®8DOD
FRQFHQWUDWLRQ GDPYNVCGXHY SHWRGXLWYV GpJlBRe/VRRAW HQ V.
SSP FL GHVVRXV FRPPH HVWLPDWHXU RIH XOWL G R\QHF HIDN b
PD[LPDOH GH ; PHVXUpH GDQV OHV LQFOXVLRQV PDJPD\
FRQFHQWUDW{sRQRDQp XMADOHTBGHOD YDOHXU PR\HQQH GH ; GEL
FKDTXH pOpPHQW RQ FDOFXOH GHX[ SDUDPqQWUHYV

/D GLIIpUHQFH DBVROXH®6SSP (TXDWLRQ
o .

/H SRXUFHQWDJH G&l LGsr,)rJB]ﬁbﬁ")\hiF LsrrHE (TXDWLRQ
2Q SHXW FDOFROGH OPpPPRMAW YRODWLO ; OLEpUpH DX FR
OfpTXDWLRQ

P, 1Os("[

ReP, HYW HQ NJ ! HVW OD PDVVH YRGXRYWX8HS X RRCDXIPH GNJ |
P FDOFXOp VXU XQH EDVH © '"HQVH 5RFN (TXLYDOHQW 2 '5
UDPHQpPH j [[pUBRs VROW OHV IUDFWLRQV SRQGPUDOHV LQLW
YRODWLO ;: GDQV :OHWROHBDS SSPY HED [G LH pH\HVQ PR DOH | @
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7DEOHBP.ODQ GX GpJD]DJH SRXU OHV pOpPHQWY 6 &0 HW
90FKH /DVVRODV /HV SDUDPqWUHV 0; HW ': VRQW GplILQLV S|
/JHV PDVVHV GH YRODWLOV OLPpUBPRQ VW ¥ FRRXOpGN O ¥piFXS
VRQW H[SULPpHV HQ WpUDJUDPPHV 73 oW

/IH ELODQ GX GpJD]DJH SRXU OHV pOpPHQWV 6 &0 HW ) OR
IDVVRODV HVW UpVXPRp3REQVTRBIQMDIEHOCHU OHV PDVVHV GH &
OfDWPRVSKqUH SDU OTpUXSWLRQ GHV 3X\V GH /D 9DFKH /D

GH “  NIOP%LUQH\ HW @DHWI\AHPYH SBW -RUGDQ HW
NP DYHF XQH SUpPFLVLRQ TXH QRXV IL[RQV j * FRPI
*UtPVR MW HLQVGYWWLU HW DO /JHV PDVVHV REWHQXHV
X 7J SRXU &0 RX 73 +&0
X 7J SRXU ) RX 73 +)
X 7J SRXU 6 RX 7J 62

/D PPWKRGH SpWURORJLTXH SHUPHW GRQF GIHVWLPHU |
+8&0 +) HWPEX¥HV UHVSHFWLYHPHQW ORUV GH OfpUXSWLRQ ¢
SRXUFHQWDJHV .GNRXQWDIRWHUHVVDQWY HQYLURQ SRXL

SRXU OH 6 (Q WHQDQW FRPSWH GHV HUUHXUV DVVRFLpH
SRXU OH IOXRU SRXUUDLW rWUH QXO PDLV SDV SRXU OH F
FODVVLTXH GHV pUXSWLRQV EDVDOWLTXHV 6 ! &0 ! ) VHF
EDVDOWLTXH GH /D 9DFKH HW /DVVRODV

(QILQ OHV WHQHXUV HQ HDX GH TXDWUH LQFOXVLRQV GDC
PHVXUpHV SDU -DQQRW HW VRQW FRPSULVHV HQWUF}
FRQFMUDWLRQ UpVLGXHOOH HQ HDX GX PDJPD D pWp HVWLP
GH URFKH WRWDOH DYHF XQ DQDO\WHXU pOpPHQWDLUH )/$¢

1 SRLGV GTHDX 2Q FDOFXOH DLQVL TXH OH SRXUFHC
OfHDX HW TXH OD PDVVH GJ{HDX OLEpUpH GDQV OJDWPRVSK

233 CRPSDUDLVRO DYHF GIDXWUHYV pUXSWLRQV
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&RSDIMRQ DYHF GIDXWUHV pUXSWLRQV GH OD &KDvQ

8QH pWXGH GHV WHQHXUV HQ pOpPHQWY YRODWLOV GYLC
ROLYLQHV GH TXHOTXHV YROFDQV EDVDOWLTXHV V O GH
OHV 3X\V %HDXQLW &KDXPRQW 3DXJQDW 7UHVVR
FDEMWPULVpPY 7DEOHDX /JHV 3X\V %HDXQLW 3DXJQDW HW ]
VHSWHQWULRQDOH GH OD &KDVQH GHV 3X\V OH 3X\ &KDXPF
3X\V GH /D 9DFKH /DVVRODV VRQW GDQV OD SDUWLH PpULG
6 HW &0 VRQW WUQV VLPLODLUHV SRXU FHV YROFDQV ,O |
GHV 3X\V &KDXPRQW 7UHVVRXV HW /D 9DFKH /DVVRODV 1F
9DFKH /DVVRODV SUPpVHQWHQW OHV WHQHXUV HQ ) OHV SO
SUpPpVHQWHY GDQV OHV FULVWDX[ GIROLYLQH 7DEOHDX
FRQWOBWWHQWUH OHV WHQHXUV HQ pOpPHQWY YRODWLOV
PUXSWLRQV GDQV OD &KDVQH GHV 3X\V OD SKDVH VXESOLC
QTHVW GRQF SUREDEOHPHQW SDV GXH j XQH FRQFHQWUDW
GDQV OH PDJPD SURIRQG D\DQW DOLPHQWpP OfpUXSWLRQ G|
OTpWXGH GX UDSSRUW &0 . OH &O HW OH . pWDQW DXVVL |
EDMOGWY (Q HIIHW FH UDSSRUW SUpVHQWH XQH YDOHXU
VXJIJpUDQW TXH OD SKDVH VXESOLQLHQQH GH OfpUXSWLF
FRQVPTXHQFH GLUHFWH GIXQH IR WB QAR Q AHRDA B D VBIURQ RH)J

7DEOHRRQFHQWUDWLRQV HQ pOpPHQWYV YRODWLOV GDQV O
GW PDJPDV GH OD &KDVQH GHV 3X\V /HV GRQQpPHV GHV 3X
SURYLHQQHQW GH -DQQRW WDQGLV TXH FHOOHV GX
pJDOHPHQW QRV GRQQpPHV

&RPSDUDLVRQ DYHF OHV pUXSWLRQV GH *UtPVY|WQ

'DQV FHWWH VHFWLRQ RQ FRBSDbH OSWE RQDGHFX3EPIDGDJ
/IDVVRODV DYHF FHX[ FDOFXOpV SRXU OHV pUXSWLRQV GH *I
UpVXOWDWYVY SRXU FHV WURLV pUXSWLRQV VRQW UpFDSLW
TXDWWM. WRWDOHY GH YRODWLOV pPLVHV SDU BHIVPDURSW LR
FH TXL IDFLOLWH OD FRPSDUDLVRQ GHV WURLV pUXSWLRQYV
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pPLV 7J GH SR2U MM PDJPODWGHHH WURLV IRLV SOXV TXH
*UtPVY|WQ HW +ROXKUDX@HVSHRWLYRPHW®W &HWWH SURG
62 VIBEPLTXH SDU OD WUqV IRUWH FRQFHQWUDWLRQ LQLWL
9DFKH /DVVRODV ! SSP 6 FRPELQpPH j XQ SRXUFHQWDJH
$X ILQDO OD TXDQWLPLY HV S BADWIHWE®H: G XSWLRQ GHV 3X\V
/IDVVRODV 7) HVW SURFKH GHV 7J pPLV SDU OfpUXS
TXDWUH IRLV SOXV LPSRUWDQWH HQ WHUPHV GH YROXPH C
+ROXKUDXQ D HX GHV UpSHUFXVVLRQV VLJQLILFDWLYHV
GILPDJLQHU OJLPSDFW GTXQH pUXSIHIR QDW R BDRIODVH VAHIBC
DYDLW OLHX GH QRV MRXUV

(Q FH TXL FRQFHUQH OH FKORUH OfpUXSWLRQ GHV 3X\V GH
PUXSWLRQV LVODQGDLVHY SDU XQH OLEpUDWLRQ GH +&0O EI
NP GH PDIJPDDX/DRG®IKD VIH[SOLTXH SDU OH IDLW TXH OHV

O9DFKBVVRODV FRQWLHQQHQW | IRLY SOXV GH &0 TXH O
GH GpJD]DJH GX FKORUH HVW FHSHQGDQW PRLQV pOHYp S
*UtPY|WQ a HW +ROXKUDXQ a FHFL VXJJqUH XQH H

PDJPDVpIMKRIOTXHV GRQF NWWSXOUXW IBQESQR GDQV OHV PDJPDV
HQ 6LERPPH FHX[ GH /D 9DFKH /DVVRODV 3RXU FKDTXH pUX
NP GRDJPD HVW SOXV GH IRLV6QOKNW IDLE/HR OXW ERQ@ G &F
PRLQV SRXVVpH TXH FHOOH GX 6 2Q QH GLVSRVH SDV GHYV
LVODQGDLVHYV FDU FHW pOpPHQW HVW HQ FRQFHQWUDWLRQ
POHFWURQLTXH 'DQV OH FDV GH OfpUXSWLRQ GHV 3X\V G
FRPSRUWHPHQW SURFKH GX FKORUH SUHVTXH DXWDQW GJ
HW OAHSRXDJH GH GpJD]DJH GX ) HVW VLPLODLUH j FHOXL G

7TDEOHPXFDSLWXODWLI GHV ELODQV GH GpJD]DJH SRXU OHV
MRXUV GH FHWWH WKgqVH /HV YROXPHVY GH PDJPD pPLV SRXL
HW GHV 3X\V GH /D 9DFKH /DVVRODV SURYLHQQHQW GH +U

HW -RUGDQ HW DO UHVSHFWLYHPHQW 3RXU OHYV
&0 ) RQ XWLOLVH OD YDOHXU PD[LPDOH PHVXUpH GDQV C
FRQAMUDWLRQV YpVE&EG@ XHOORY XWLOLVH OD YDOHXU PR\F
PDWULFLHOV
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&RPSDUDLVRQ HER QRUJHS RVGHRMD 8 X T X H

I fpWXGH GH :DOODFH HVW FHQWUpH VXU OH GpJD]DJH
YROFDQLTXHV GIpOpPHQWYV YRODWLOV /D ILJXUH HQ HV\
GHUQLqQUHV pUXSWLRQV LVODQGDLVHV FRQIHWPBERW RODXBI
PDJPDWLTXH pPLVY GHV EDVDOWHY GHV SDQDFKHV PDQWHOC
pPLVVLRQV GX FRPSOH[H /D 9DFKH = /DVVRODV VRQW XQ R
&H SKpQRPgQH HVW WUqV ELHQ FRQQX SRXU OHV YROFDQV (
GH VRXODHPDXVH HQ UpVXOWDQW HVW OYDFFXPXODWLRQ G
SDU UDSSRUW DX YROXPH GX PDJPD pPLV ORUV GIXQH pUX
:D@FH HW (GPRQGYV
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YJLIXUH (PLVVLRQV Y ROIRMFMW XY @GX WROXPH '5( GH PDJP
+ HW 39/ FRUUHVSRQGHQW DX[ pUXSWLRQV GH *UtPVY|
3X\V GH /D 9DFKH /DVVRODV /HV GRQQpPHV HQ QRLU HW QX

HW GHV UpIpUHQFHV FLWpHV SDU FHW DXWHXU 3RXU
PPLVVLRQV HBMH YBYROXPH GH PDJPD pPLV SRXU GHV OLTXLC
DQGPVLWLTXHV OLJQH FRQWLQXH HW UK\ROLWLTXHV WLL
62 pPLV DX FRXUV GH OfpUXSWLRQ pWDLW LQLWLDOHPHQ
OYH[FHSWLRQ GH ODXQD /RD /DNL HW RTOW XHDW RN WLPTLMM
PRLQV XQ RUGUH GH HMRBHSRIX S OXY GRPIMPIH VIQ pUXS\
XQLTXHPHQW &HFL SHXW rWUH H[SOLTXp SDU OfDFFXPXC

SPULRGHV LQWHU pUXSWLYHV S H[ :DOODFH RX SDU
FRUSV PDJPDWLTXH VLOLFLTXH S H[ .UHVV /HV DEUp

%7 %LVKRS 7XIl (& (O &KLFKyQ (W (WQD )
+XGVRQ . ."ODXHD PR\HQWBWQQXHWEBU / IN /DNL

/T /IRQTXLPD\ 0/ 0DXQD /RD 0 PRQW 6DLQ
3DFD\D 3 3LQDWXER 5E 5DEDXO 5 S5HGRXEYV
5XL] 6 PRQW 6SXUU HW 6W 6WURPEROL PR\HQQH

3RXU SUpFLVHU FH FRQVWDW FRPSDURQV QRV UpVXOWDW
UHSUpVHQWDWLIV GHV JUDQGY FRQWH[WHYV JpRG\QDPLTXH
OTREMHW GYfpWXGHYV DSSURIRQGLHVY RQW pWp VpPpOHFWLRQQ

/H 3LWRQ GH OD )RXUQDLVH ,OH GH OD 5pXQLRQ HW O
YROFIE®RXFOLHUV FODVVLTXHV GJVOHV RFpDQLTXHV RX
OLFKWQDB (GPRQGV HW DO

ITpUXSWLRQ 5R]D GX JURXSH GHVY EDVDOWHY GH OD UL\
>&5%@ (WDbwV 8QLVY FRPPH H[HPSOH GH YROFDQLVF
7TKRUGDUVRQ HW 6HOI

/IH YROFDQ &HUUR 1HJUR 1LFDUDJXD FRPPH H[HPSOH
OF.QLJKW HW :LOOLDPV
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/IH 3RWGH OD )RXUQDLVH

$X 3LWRQ GH OD )RXUQDLVH 3G) H[HPSOH FODVVLTXH GH
VRXIUH GHV LQFOXVLRQV PDJPDWLTXHV GDQV OHV ROLYLQ
FRQFHQWUDWLRQ PR\HQQH GH 'L 88PR WYWEDX HW DB FKO

FRPSHQWUH HW SSP PR\HQQH SSP OH IOXRU HVV
HQDM YRQW GH j SGV PR\HQQH SGV /H YHU
PRHQQHV HQ 62 &0 HW HW SSP UHVSHFWLYHPHQW &H
SRXUBHYWIH GpJD]DJH GH SRXU OH VRXIUSRX OfBRXU
7 D BDOXH

/IH .LODXHD

/IHV FRQFHQWUDWLRQV HQ pOpPHQWY YRODWLOV GHV LQFC

SpULRGH GH OYfpUXSWLRQ VRPPLWDOH GX .LODXHD
(OOHV FRQWLHQQHQW HQWUH HW SSP GH VRXIU
FRPSULV HHWUH SSP PR\HQQH SSP OH IOXRU SUpVHQW
SSP \PFRQH SSP HW HQWUH HW SGV GTHDX |

YHURIIHWULFLHO D SRXU FRQFHQWUDXZLRQV PR\HQMQHV HHKP6
UHVSHFWLYHPHQW &HOD FRUUHVSRQG j GHV SRXUFHQWDJF
SRXU OH FKGBRXH) OH IOXRU HW SRXU OfHDX 7DEOHDX

JHWLQFOXVLRQV GHV FRAEDROBKUDEREQWERDOWREY GH OD )RX
SUpVHQWHQW GRQF GHV FRQFHQWUDWLRQV LQLWLDOHV HQ
7DEOHDX[ HW SRXU +ROXKUDXQ SRXU .LODXHLE
LQFR®VLPDIJPDWLTXHV GX 3LWRQ GH OD )RXUQDLVH VRQW
GT+ROXKUDXQ PDLV RQ UHWURXYH FH IDFWHXU pJDOHPHC
SRXUFHQWDJHV GIfH[VROXWLRQ FRPSDUDEOHV a DX 3G)
HVWOGHDX OD FRQFHQWUDWLRQ PD[LPDOH HQ HDX GDQV O
HVW GH SGV %DWHHWW HD @DWULFLHO FRQWLHQW HQ PR\
FHTXL GRQQH XQ SRXUFHQWDJH GIfH[VROXWLRQ GH O
LQIpBWIMHXUFHOOHY GX 3LWRQ GH OD )RXUQDLVH PDLV C
VLPLODLUH DX 3LWRQ GH OD )RXUQDLVH ,0 HVW SRVV
SRXW .LODXHD HW GH FRQFOXUH TXH OHV SRXUFHQWDJHV
+2VRQW TXDVL LGHQWLTXHV SRXU FHV WURLV YROFDQV GH
O PHWH a SRXU OH &O

IV LQFOXVLRQV GX FRPSOH[H GH /D 9DFKH /DVVRODV VRQW
SLWRQ GH OD )RXUQDLVH PDLV OH YHUUH PDWULFLHO GH FF
FH TXL VH WUDGXLW SDU GHV SRXUFHQWDJHV GH GpJD]
SRXU /D 9DFKH /DVVRODV /HV LQFOXVLRQV PDJPDWLTX
VRQW SOXV ULFKHV HQ HDX TXH FHOOHV GX 3G) YV
PDWU RRQMWNEIPHY FRQFHQWUDWLRQV HQ &BA&D VH YWUDGXLVS!
SRXUFHQWDJH GYH[VROXWLRQ XQ SHX SOXV pOHYp SRXU /L
ID QRWLRQ GH SRXUFHQWDJH GH GpJD]DJH QYfHVW SDV
VRQW pOHYpHVY OHV 0, GH OD 9DFKH /DVVRODV VRQW S
TXH GHRXWFHQWDJH GH GpJD]DJH HVW GH SUqV GH (QILC
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GX FRHASBOGH /D 9DFKH /DVVRODV VRQW IRLV SOXV ULFKH
JRXUQDLVH PDLV OH GHJUp GH GpJD]DJH H[SULPp HQ SRX!
FRQWUHMSRXU OH 3G) 7DEOHDX[ HW $LQVL OH YROFDQ F
GHJIGMVROXWLRQ2GHR 6SHW $O X ¥ HMHY BEHXH ROFDQV GH SRL(
.LODXHD HW %iUGDUEXQJD >+ROXKUDXQ @ HW XQ GHJ!

IMPXSWLRQ 5R]D GX JURXSH GHV &ROXPELD 5LYHU EDVDOW)\

/ID SURYLQFH LJQpH GHV &ROXPELD 5LYHU EDVDOWY :DVKL(

0D OTXQLWp DSSHOpH 5R]D 7KRUGDUVRQ HW 6HOI TXL F
NP 7RODQ HW DO &HWWH XQLWp D OD FRPSRVLWLRQ
HW DO VLPLODLUH DX[ SURGXLWV FODVVLTXHV GH *
LQFOXVLRQV PDJPDWLTXHV GH 5R]D FRQWLHQQHQW SSF
YHUUH PDWULFLHO SURFKH GH OfpYHQW FRQWLHQW SSP

GTRes GHV SRXUFHQWDJHV GH GpJD]DJH pJDX[ j SRX|

/H SRXUFHQWDJH GH GpJD]DJH GX 6 HVW SDUPL OHV SOXV

GX 6 LQLWLDOHPHQW SUpVHQW GDQV OH PDJPD WDQGLYV
WUQV SURFKH GH FHOXL GH *UtPVY|WQ ODOKHXUHXVHP
FHWWH pUXSWLRQ

&HUUR 1HJUR

&HMHXQH YROFDQ GX 1LFDUDJXD FRQQDVW GH QRPEUHXVH
YLQIJWEPH QXL HQ IDLW OH YROFDQ OH SOXV DFWLI GX 1LF

5RJJHQVDFN HW DO HW 9HQXJRSDO HW DO RQW
FRQWHQXHV GDQV GHV ROLYLQHV GX &HUUR 1HJUR /H 6 YD
SSP &O®HHQWUH HW SFEP\HIQW KO THDX HQWUH HW

SGV /H YHUUH PDWULFLHO FRQWLHQW HQ PR\HQQH
SGEIHDX 2Q HQ GpGXLW GHV SRXUFHQWDJHV GH GpJD]DJt
SRXW +7DEOHDX

3DUDSSRUW DX &HUUR 1HJUR OHV LQFOXVLRQV PDJPDWLT!:
FROQOWLHQQHQW OH GRXEOH GH 6 HW GH &0 PDLV OH YHUUH
HQ 6 HW HQ &0 3DU FRQVPTXHQW OHV SRXUFEBQA&DJHV GTH
VRQW LGHQWLTXHV SRXU FHV GHX[ YROFDQV /H FDV GH O
LQFOXVLRQV PDJPDWLTXHV GX &HUUR 1HJUR VRQWWOXV G
3X\@H /D 9DFKH /DVVRODV HW OH YHUUH PDWULFLHO SUqV C
GpJDJH GH OJHDX TXDVL WRWDEOBRXV&ANPIROIBIJHRW TXH Gt
YROFDOOMWHDFRQWLQHQWDO FH TXL GHPHXUH WUQV pOHY
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7DEOHBM.ODQ GHV SRXUFHQWDJHV GIH[VROXWLRQ HW YDOH
SRXU OHV VL[ H[HPSOHV pWXGLpV /H UDSSRUW &0 . SRXU &
DYHF XQH YDOHXU j OD PR\HQQH GH QH SUHQG SDV

$LQVL GH FHV TXDWUH pWXGHV FJHVW OH GpJD]DJH GHV p!
OH SOXV GH VLPLOLWXGHV DYHF FHOXL GHV 3X\V GH /D 9DF

6\VWpPDWLTXH &O .

SRZH HW DO ROQW FRPSLOp OHV FRQFHQWUDWLRQV LQI
PDJPDV HQ IRQFWLRQ GX FRQWH[WH JpRG\QDPLTXH HW SUR
YV &0 )LJ 7TDEOHDX /IH UDSSRUW PR\HQ &O . HVW
LQWUDSBDWXSH WUDSS 5R]D FRPSULV HQWUH HW S
GIXQ SRLQW FKDXG RFpDQLTXH .LODXHDPDLWOBICHIH SHOAX\3 Lp\

SRXU OHV 3X\V GH /D 9DFKH /DVVRODV HW SRXU OH Yl
1HJUR

) L IXH SDSSRUW SRQGpPpUDO &0 . HQ IRQFWLRQ GH OD FRC
LQFOXFRDRERDWLTXHV GHV 3X\V GH /D 9DFKH /DVVRODV GH *
GX 3LWRQ GH OD )RXUQDLVH %XUHDX HW DO

(GPRQGV HW DO GX 4HUUR 1HJUR 5RJJHQVDEF|

W GH OTpUXSWLRQ 5R]D 7KRUGDUVRQ HW 6HOI /HV
JULV VRQW XQH FRPSLODWLRQ H[WUDLWH GH 5RZH HW DO

GRQQpHV GHV 3X\V GH /D 9DFKH /DVVRODV DYHF FHOXL GHV
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'DQV OH GLDJUDPPH &0 . YV &0 OHV GRQQpPHV SRXU OH YF
GHV PDJPDV GYDUF SUpYX SDU 5RZH HW DO 3DU FRQW
GpPPHV YHUV OH KDXW SDU UDSSRUW DX FKDPS GHV EDVI
.LODXHD FRUUHVSRQGHQW H[DFWHPHQW DX FKDPS GHV :
UDSSURFKHQW GX FKDPS GHV 025% FH TXL GRLW VRXOLJ
$WODQWLTXH /D FRPSLODWLRQ GH 5RZH HW DO QH Gp
LQWUDSODTXH FRQWLQHQWDO GRQF RQ QH GLVSRVH SDV C
FRPSOH[H GH /D 9DFKH /DVVRODV /fRSSRVLWLRQ OD SOXV
OD )LJXUH HVW FHOOH HQWUH GHV PDJPDV WUQV ULFKHV
GHV PDV EHDXFRXS SOXV SDXYUHV OHV FLQT DXWUHV H[HI
FH VRQW OHV PDJPDV D\DQW OHV WHQHXUV LQLWLDOHV OH
SRXUFHQWDJHV GH GpJD]DJH GHDEB®WDXOpPHMWTXL FRQILUF
YRODWKXOLA/EDQV OHV PDJPDV EDVDOWLTXHV :HEVWHU HW

2.4Thermobarométrie appliquée aux produits des Puys de La Vache-
Lassolas

/IHV GpPDUFKHV HW PpWKRGHV XWLOLVpHV SRXU OTpWXGH G
OLTXLGHV HW FULVWDX[ GH OfpUXSWLRQ GHV 3X\V GH /D ¢
FKDSLWUH VXU *UtPVY|WQ HW VRQW GpFULWHYV GDQV +DGGI
GDQV OHV OLTXLGHV GH SRLGV HVW LQWURGXLWH GI
LQFOXVLRQV PDIJPDWLTXHV GTDSUqV OHV PHVXUHV GH -D
OTHVWLPDWLRQ GH OD FRQFHQWUDWLRQ HQ HDX GHV OLTXL
VRLW SGV ODUWHO HW DO

2.4.1 Equilibre clinopyroxéne-liquide

/TpPWXGH GH OfpTXLOLEUH FOLQRS\UR[qQH OLTXLGH SHUPH
EDURPpPWULTXHV DYHF GHV PDUJHV GBHWUKXD GH “ /H& W
FULVWDX[ GH &S[ pFKDQWLOORQQpV IRXUQLVVHQW FRXS
DYHFX YHUUH PDWULFLHO 3RXU OD FRQFHQWUDWLRQ HQ HI
SGV SRXU OHV LQFOXVLRQV PDJPDWLTXHV FRPPH GDQV O
SULPLWLYHV HW SGV SRXU OH YHUUH PDWULFLHO T
LQFOXVLRQ GRQQHQW XQH SUHVVLRQ PR\HQ@HW GHIW GHABD
WHPSpUDWXUHYV FRPSULVHV HQWUH HW f& PR\HQOQ
SUHRWY/ISRXU OHV LQFOXVLRQV PDJPDWLTXHVY GDQV OHV FO
VPMRXUQp HW FULVWDOOLVp GDQV XQH FKDPEUH UHODWLY
HW WUHPS )X U HINSRFRWHOBXYH YV & S[ YHUUH PDWULFLHO VRQW FRI
*3DWH HQW U H HW f& DYHF GHW PRRAHQKOW\FKHIGLWERD'
VRQW LQIPpULHXUHYV j FHOOHVY REWHQXHV SRXU OHV LQFOX)\
FRQWH[WH GYDVFHQVLRQ PDJPDWLTXH HW GfpUXSWLRQ H\
OHV PrPHV FRQGLWLRQV YRLHMWWOBOIIHPKDXNGEBXV SURIRQ
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/TIDSSUR[LPDWLRQ GTXQH WHQHXU HQ HDX GH HVW SUR
SOXV SULPLWLYHV /JLQFOXWL(REORMWSEBRAW SDXYSBWQHV LG
OHV &S[ FRQWLHQQHQW HQ PR{PQQISSRVDBGBNTEXH OH . VRL)
LQFRPSDWLEOH FHOD FRUUHVSRQG j XQ GHJUp GH FULVWD
PR\HQQH HQ HDX GTHQYLURQ SGV &HWWH PRGLILFDWL]
SDU XQH DXJPHQWDBWGIHRQ PRIBQHQH XAHH EDLVVH GH OD 7 Gy
TXL FRPSWH WHQX GHV HUUHXUV DVVRFLpHV DX[ WKHUPRF
OHV HVWLPRDAMMGRIPMT XA LEUH GHV FRXSOHV &S[ 0, (Q XWLC
FDOFXOpHV SDU FHWWH PpWKRGH OD QRXYHOOH JDPPH C
PR\HQQH *3D HW OHV WHPSpUDWXUHV YRQW GH fé&

2.4.2 Equilibre plagioclase-liquide

IMpWXGH GH OfpTXLOLEUH SODJLRFODVH OLTXLGH SHUPHW
GX OLTXLGH OTpTXDWLRQ D GH 3XWLUND GpWHUPL
OLTXWGE8HHFULVWDO GH SODJLRFODVH DVVRFLp DYHF XQH

WKHUPRPgQWUH GpSHQG j OD IRLV GH OD SUHVVLRQ HW
SKpPQRFULVWDX[ GH SODJLRFODVH RQW pWp pFKDQWLOORC
/IDVVRODV HW OTRQ QH GLVSRVH TXH GH TXDWUH FRXSOI
PDJPDWLTXH HW XQH SDLUH 30 YHUUH PDWULFLHO /HV \
WHPSpUDWXUHV GH SHWpPpH jf&SBXHWXQH SGV GTHDX

3O0fHUUH PDWULFLHO GRQQH XQH WIBHSpUDIDXHW B HCGIHG & S

8QH DXWUH SRVVLEL®D HWHENWH S XWURKREM HDOXPDPNVXLOLEUHYV ¢
LO HVW SUREDEOH TXH OH SODJLRFODVH FULVWDOOLVH DS
OHV YDOHXUV PLQLPBDODMRLGWH FHWHWWDPPHYD SRXU OHV FRXS(
HW *3D SRXU OH FRXSOH 30 90 /YfK\JURPgQWUH GH :DWHU
WHQHXUVY HQ HDX GH HW SRXU OHV FRXSOHV =G
HVWLPDWLRQV VRQW FRKpUHQWHY DYHF OHV PHVXUHYV GH -

2.4.3 Equilibre olivine-liguide

,QLWLDOHPHQW OH WKHUPRPQWUH © pTXDWLRQ a GH 3X
OTpWXGH GH OfpTXLOLEUH ROLYLQH OLTXLGH HQ UDLVRQ
FRHALHQW GH FRUUpODWLRQ U8 GH &RPPH3 FIHW | pPKX\L O |
DYRLU XQH HVWLPDWEBQXDSRINQGD @WKWIHOLVHU /HV FD(
IDLWV SRXU GHV SWHVVERD S FEXNX\OMYOHNKLOLEWBHY ROLYLQ
*3D SRXU OHV pTXLOLEUHV ROLYLQH YHUUH PDWULFLHO 8¢
SRXU OHRQWPOIRDWLTXHV HW GH SRXU OH YHUUH PDW
PWDQW. DXQX\GUH HQ VXUIDFH 6RXV FHV FRQGLWLRQV O
PR\HQQH GH PPfH& JDt f& WDQGLV TXH OHV FRXSOHV 20
XQH JDPPH GH j f& PR\HQQH f& &RPSDUpHV [
WHPSHM WKQW DQRUPDOHPHQW EDVVHV 1RXV DYRQV GRQF
%HDWWLH TXH 3XWLUND D UpDUUDQJp HQ VRQ © p
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GH FRUUpODWLRQ U8 GH DVVRFLp j XQH HUUHXU GH “ f
FRXSOHV 20 LQFOXVLRQ GpFULYHQW XQH JDPPH GH WHPS|
PR\QIQH f& (Q IL[DQW XQH 3 GH 90 *@D 3 RPARJ)HIHYVH SH\LW
f& JDPPH f& &HV WHPSpUDWXUHV VRQW ORJL
FRXSOHRPR®MXVLRQV FL GHVVXV FH TXL GpPRQWUH OD IRUPI
GIDLOOHXUV SDU OHV FRPSRVLWLRQV SOXV SULPLWLYHV G
UpVWOWIDIqUHQW TXH OD FDOLEUDWLRQ GX WKHUPRPQWUH
QTHVW SUREDEOHPHQW SDV DGDSWpH j OTpWXGH GHYV
9DFKH /DVVRODYV

/ID VLPLOLWXGH GHVY WHPSpUDWXUHYV GH FULVWDOOLVDWLR
FRPSRVLWLRQ GH OD SUHPLgUH SKDVH DX OLTXLGXV 'DQV
FKD@DQWHY Re OHV FLQpPWLTXHYV GYpTXLOLEUDJH GX FOLQR
HQ FRPSWH QTHVW SDV GLVFXWp LFL 2Q DERUGHUD FHWW!
FKDSLWQHQR XV DSSX\DQW VXU XQH DSSURFKH H[SpULPHQW

7DEOHBEKFDSWWKXGBY HVWLPDWLRQV GH SUHVVLRQ HW WHP
GHVX\Y¥ GH /D 9DFKH /DVVRODV 'DQV OD SUHPLQUH FROF
FRUUHVSRQGHQW j FHX[ GH 3XWLUND © /] OTKV\JURPQ\
HW 0, VLJQLILHQW YHUUH PDWULFLHO HW LQFOXVLRQ PDJI
DVVRFLpH DX[ pTXDWLRQV WKHUPRPpWULTXH RX EDURPpWU
VROQW GRQQpHY GDQV OHV WURLYVY FRORQQHV GH GURLWH H

2.4.4 Bilan P-T

(Q WHQDQW FRPSWH GHV HUUHXUV DVVRFLpHV j FKDTXH WK
PTXLOLEUHV FULVWDO OLTXLGH RQW HQUHJIJLVWUp OHV PrF
QDWXUH GX FULVWDO )LJ
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JLIXUH+LVWRJUDPPH GHV HVWLPDWLRQV GH WHPSpUDWXU
WKHRWPqgWUHYV XWLOLVDQW OD FRPSRVLWLRQ GHV LQFOXVLI
SUHVVLRQ HW OD WHQHXU HQ HDX UHVSHFWLYHPHQW j *3C
D W f& DILQ GfrWUH FRKpUHQW DYHF OHV HUUHXUV DVVR

$YHF XQH SUHVVLRQ PR\HQQH GH *3D | *3D OH EDUR
DXFRXSOHV &S[ LQFOXVLRQ PDJPDWLTXH PRQWUH TXH OH P
FKDPEUH UHODWLYHPHQW SURIRQGH )LIXUMLT \HRODWRIQY W LF
DFFRUG DYHF FHOOH GRQQpH SDU %RLYLQ HW &DPXV G
HQWUBO(BIW 9ROYLF j PRLQV GH NP DX 1RUG (VW GH OfD]
(Q pWXGLDQW GHV PpJDFULVWDX[ GH FOLQRS\UR[gQH HW
SDUDJHQqVH VFDSROLWH DPSKLEROH FOLQRS\UR[qQH
DXWHXUV RQW HVWLPp TXH FHV ODY BV D% VDDIHMR KRIWP G H\
HW fé&

103



dN NXH90Yl1dNEg

JLIXUHLVWRJIJUDPPH GHV HVWLPDWLRQV GH SUHVVLRQ REW

HQ XWLOLVDQW OD FRPSRVLWLRQ GHV LQFOXVLRQV R
*3D DILQ GYrWUH FRKpUHQW DYHF OHV HUUHXUV DVVRFLpH
FDOFXOpH SRXU XQH GHQVLWp FUXVWDOH PR\HQQH GH J

2.4.5 Apport pour la compréhension magmatologigue de la Chaine des Puys

'‘DQV OHXU VI\QWKgVH FKURQRORJLTXH VXU OH YROFDQLVPH
RQW FRQVWDWp XQH GLIIpUHQFLDWLRQ GH SOXV HQ SOXV
YROFDQLTXHV ,0V VYDSSXLHQW VXU FH UpVXOWDW SRXL
GLIIpUHQFLDWLRQ GHV PDJPDV j GHX[ QLYHDX[ )LJ

(Q EDVH GH FUR€WH a NP XQ JUDQG UpVHUYRLU SUR
HQYLURQ XQ JUDQG YROXPH GH PDJPDV EDVLTXHV EDV
VRXV MDFHQW FI /ID GLIITpUHQFLDWLRQ GDQV FH
IUDFWLRQQpH GH Of{DVVHPEODJH ROLYLQH FOLQRS\UF
VWDGH GHV WUDFK\ EDVDOWHYVY /HV PDJPDV VWRFNQpP\
GLUHFWHPHQW WUDQVSRUWpPV YHUV OD VXUIDFH FYHV
%RLYLQ HW DO VRLW rWUH WUDQVIpUpV GDQV XQ
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9HUYV NP GH SURIRQGHXU VH VLWXHUDLW XQ QLYHDX
OHV PDJPDV SRXUVXLYUDLHQW OHXU GLIIpUHQFLDWLRC
FULVWDOOLVDWLRQ IUDFWLRQQpH SXLV pYHQWXHOOHF

6HORQ ODUWHO HW DO OH QLYHDX VXSHUILFLHO QH
LVROpHVY PDLV GYXQH VHXOH FKDPEUH GH JUDQGH GLPHQV
pPDJPDV GDQV FHWWH JUDQGH FKDPEUH VXSHUILFLHOOH

DFWXHOOHPHQW /fpWXGH GHV LVRWRSHV GH OTR[\JgQH GH
GIXQH JUDQGH FKDPEUH VXSHUILFLHOOH XQLTXH HQFRUH
SURGXFWLRQ GHV WHUPHYVY OHV SOXV GLIIpUHQFLpV GH OD

OrPH 8D FULVWDOOLVDWLRQ IUDFWLRQQpH HVW OH SULQFL
GH OD VXLWH PDJPDWLTXH GH OD &KDVQH GHV 3X\V 0DXU\ |
GH OD FRQWDPLQDWLRQ FUXVWDOH SHQGDQW OD FULVWDOC

D FRXOpH GH ODYH LVVXH GHV 3X\V GH /D 9DFKH /DVVR
LVRWRSLTXH GH PIRQ\JqQWK /)UDQFH HW DO TXR HVW GL
GX PDQWHDX GDQV OH ODVVLI &HQWUDO “« A 'RZOQH
OTpUXSWLRQ GHV 3X\V GH /D 9DFKH /DVVRODV D pWp DOLPH
SDU OD FRQWDPLQDWLRQ FUXVWDOH HW TXL DXUDLW pWp
OfLQWHUIDFH FUREWH PDQWHDX MXVTXfj OD VXUIDFH VDQV
HQFDLVVDQWH

J)LIXUH &RXSH VFKpPDWLTXH GH OD FUR€WH FRQWLQHQ
GIDbWHPUWHO HW DO /IHV OLTXLGHYV EDVDOWLTXHV Pl
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FUREWH PDQWHDX UpVHUYRLU /IHV GRQQpHV VLVPLTXH
GLVFRQWLQXLWpV GDQV OD FUREWH YHUYV NP HW
SHXYHQW r'WUH VWRFNpV UpVHUYRLUV HW /IHV UpVHUYF
GHVY WUDFK\WHV /HXUV FDUDFWpPULVWLTXHV VRQW FRQWUF
GH SHWLWHV FKDPEUHY LVROpHVY VHORQ ODUWHO HW DO
JUDQGH FKDPEUH XQLTXH HQFRUH SDUWLHOOHPHQW IRQGX

2.5Conclusion

/I YDEVHQFH GH &S[ IRUPpV j IDLEOH SURIRQGHXU VXJJ
/IDVVRODV D SRXU SUHPLHU DYDQWDJH GYrWUH FDUDFW
SURIRQG j OD VXUIDFH /H PDJPD D\DQW DOLPHQWpP OH
SUuqV GH DQV DXUDLW GRQF WUDYHUVp VDQV VIDUL

/IHWRQFHQWUDWLRQV HQ pOpPHQWY YRODWLOV TXH F
PDJPDWLTXHV SULPDLUHYV GHV 3X\V GH /D 9DFKH /DVVR(
GH © SRLQWV FKDXGVW FEDO HFRRSDW PBEBORDYVY GYDUF &H
TXH OHV PRGqOHYVY GIDOLPHQWDWLRQ PDJPDWLTXH EDV
&KDVvQH GHV 3X\V WRQW SHX SUREDEOH

/IHV LQFOXVLRQV VRQW QHWWHPHQW SOXV GLIIpUHQFL(r
FH TXL SRXUUDLW WUDGXLUH OTRUGUH GH FULVWDO
GH SpWURORJLH H[SPpULPHQWDOH GH %HQGHU HW DO
VPpTXHQFH GH FULVWDOOLVDWLRQ GDQV OH GLDJUDPPEFE
SOXV KDXWH SUHVVLRQ SDU H[HPSOH *3D OH &SJ[ C
GX 30 $LQVL FHOD SRXUUDLW WUDGXLUH XQH GRXEOH
HVW IRPDH. SXLV FOLQRS\UR[qQ8 HFW VH QODRERE G COVWH H VD H
GH 3XWLUND /IHV SRXUFHQWDJHV GH FULVWDOOL
SURSRUWLRQ GH SKpQRFULVWDX[ HVW LQIpULHXUH |
GHV FULVWDX[ HW OYH[LVWHQFH GH FXPXODWYVY GH JUD(

/JHV LQFOXVLRQV GDQV OHV SODJLRFODVHV VH FRPSRU\
(OOHV VH VHWBIOKYWVIRWEPYHPHQW DX FRXUV GX GpJD
SUHVVLRQ TXH OHV LQFOXVLRQV GDQV OHV PLQpUDX] I

%RLYLQ HW DO VHORQ OHVTXHHW W@ H QG LO NpDUB-MHRQH
30 'DQV OH GLDJUDPPH GH SKDVHV GHV WKROpPLLWHYV (
OH FD® QM\ D SDV GH 30 | *3D (WDQW GRQQp TXH Ol

UpVHUYRLU SURIRQG HW TXH OH WUDQVIHUW GH PDJPD
GDQV OO EOREWW SUREDEOH TXH OH 30 DLW SRXVVp DX

&HV LQIRUPDWLRQV QRXV SHUPHWWHQW GYTpWDEOLU XC

(Q SURIRQGHXU XQ PDJPD VH GLIIpUHQFLH HW
OTROLYLQH HW GX FOLQRS\UR[qQH $ FHV PLQpUI
OH VSLQHOOH VHORQ %RLYLQ HW DO
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$SUQqV XQ FHUWDLQ ODSV GH WHPSV SUREDEOHP
OfHQFDLVVDQW VH IUDFWXUH RX XQH IDLOOH SUy
OfDVFHQVLRQ GIXQ SHWLW YROXPH GH PDJPD ,O
UpDFWLYDWLRQ GIXQH DQFLHQQH VWUXFWXUFL
JURVVLQUHPHQW j OD ILVVXUH pUXSWLYH GH /D 9

$VFHQVLRQ PLVH H@®BERWMMDHEQWLS\D)UGX PDJIPD !
SDU OH GpJD]DJH VXSHUILFLHO

(UXSWLRQ
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CHAPITRE Il : Etude expérimentale
ttr Zix“—<Z<,”F ... Zdiguide*$°
basaltique
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3. Etude expérimentale GH Ofp TXLOLEUHIigEi@LQR S\UR |
basaltique : applications au volcanisme islandais

3.1Problématique

/fpPWXGH GH OD VWUXFWXUH YHUWLFDOH GHV V\VWgPHV PD
SHX FRQWUDLQWH /HV GLIIpUHQWHY DSSURFKHV XWLOLVpH
DYHF HQ JpQpUDO OD WHQGDQFH VXLYDQWH OHV WHFKQ
SOXV IDLEOHV TXH OHV WHFKQLTXHV SpWURORJLTXHV HW
YRLUH OD PrPH pUXSWLRQ /D TXHVWLRQ TXL VH SRVH HVYV
PPWKRGHY VRXV HVWLPHQW HW VXUHVWLPHQW UHVSHFWL
REMHWY GLIIpUHQWY " 8QH pWXGH H[SpPULPHQWDOH GHYV
GIpTXLOLEUDJH GYXQ EDVDOWH GH OfpUXSWLRQ GH +ROXK
GHV pOpPHQWY GH UpSRQVH j FHWWH TXHVWLRQ

3.1.1 De ladifficuté GIHVWIIPHURIROGHXU GHV GLIIpUHQWY FRQ\
systéme magmatigue

([HPSOHV HQ ,VODQGH

ITpWXGH GHV pUXSWLRQV OHV SOXV UpFHQWHVY D\DQW HX Ol
GYHVWLPHU OD SURIRQGHXU GHV FKDPEUHV PDJPDWLTXHYV

HW *UtPVY|WQ &RQFHUQDQW FHWWH GHUQLQqUH
SDPRIGPVLH VIH[SOLTXH SDU OH JRQIOHPHQW GpJRQIOHPHC
GH SURIRQGHXU +UHLQVGYWWLU HW DO WDQGLV TX
LQGLTXHQW GHV SURIRQGHXUV VLJQLILFDWLYHPHQW SOXV
FRUUHVSRQGDQW |j *3D SRXU FHWWH PrPH pUXSWL
FOLQRS\UR[qQH &S[ OLTXLGH GRQQDQW GHV YDOHXUV VXS

&HOD HVW pJDOHPHQW YDODEOH SRXU OfpUXSWLRQ OD SOX
JPRSK\WLTXHV HW SpWURORJLTXHV DLHQW WHQGDQFH | FF
SPWURORJLTXHV EDVpHV VXU OfpTXLOLEUH &S[ OLTXLGH GFR

NP DYHF XQH PR\HQQH j NP +DGGDGL HW DO IHV Y
VREDOLWp GH\ EROBWQUVOH¥ LQFOXVLRQV PDJPDWLTXHV Y
VXSSRVHQW TXfLO QY\ D SDV HXROD&RRRQQHEWGKQXV BERE VF E
*3D VRLW SUqV GH NP %DOL HW DO /HV HVWLPDW
FRKpUHQWHY HQWUH HOOHV /HV SURIRQGHXUV GpGXLWHYV
DVVH] YDULDEOHV PDLV QHWWHPHQW SOXV IDLEOHV TXH O

XQH FKDPEUH PDJPDWLTXH VLWXpH j RX NP GH Sl
%iUGDUEXQJD H[SOLTXHUDLW OHV GpIRUPDWLRQV REVH
FHV PrPHV DXWHXUV H[SOLTXHQW TXJLOV QH SHXYHQ
FRQWULEXWLRQ SOXV SURIRQGH VXSpULHXUH j NP
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VHORQ *UHHQ HW DO HW 6LJPXQGVVRQ HW DO
NPTXL VpSDUHQW OD FDOGHUD GX %iUDUEXQJD GX FK
KRULJRQWDOH j XQH SURIRQGHXU PR\HQQH GH NP 6LJI
OD PDMRULWp GX PDJPD LQMHFWp GDQV OH G\NH HVW V
VNVPLFLWp TXL HVW FRPSULVH HQWUH HW NP GH SU]
GLIIpUHQFHVY HQWUH OH YROXPH GH OD VXEVLGHQFH TX
OD SURSDJDWLRQ GX G\NH LOV SURSRVHQW TXH GX
FRQWULEXH VLJQLILEFDWLYHPHQW j OfDOLPHQWDWLRQ ¢
FRQILUPHQW OD SURSDJDWLRQ GYXQ G\NH YHUV NP Gt
DOLPHQWDWLRQ SDU XQ VLOO KRUL]JRQWDO | NP
%iUeDUEXQJD

%DURPpWULH HW pTXLOLEUH

/HV JpRWKHUPRPQWUHV HW EDURPqWUHV SHXYHQW DSSRL
ORUVTXJLOV VRQW XWLOLVpV GH IDoRQ UDLVRQQpH ,O IDX!
SRXU OHVTXHOOHV LOV RQW pWp GpYHORSSpV |j VDYRLU XQ
RX GH WHQHXU HQ HDX YRLUH XQH JDPPH GH FRPSRVLWLR
SKDVHV ,0 HVW pJDOHPHQW SULPRUGLDO GH VH UplpUHU D]
SDWVODXWHXUV 3DU H[HPSOH OHV WKHUPREDURPQWUHV GF
OLTXLGH PDQTXHQW GH FRQWUDLQWHY GDQV OH GRPDLQH
i DYRLU OH GRPDLQH GJILQWpUrwW PDMHXU SRXU OfpWXGH
WKRREDURPgWUHY VXSSRVH XQ pWDW GipTXLOLEUH WKHUF
SKDVHV PLQPUDX[ HW RX OLTXLGH LO HVW GRQF LPSRU
GpVPTXLOLEUH WH[WXUDO RX FKLPLTXH 3DU FRQVpPTXHQW
FRQGLWLRQV GYIXWLOLVDWLRQ GIXQ WKHUPREDURIPqWUH
ONTXLOLEUH HQWUH GHX[ SKDVHV QDWXUHOOHPHQW FRQWL.

/HV PDJPDV GDQV OHV V\WWgPHV YROEDQLTXHV VXELVVHQW
WHPSpUDHWKUHVSHFWLYHPHQW GXHV SDU H[HPSOH j OfDVF
OHV WKHUPRPGQWUHVY HW EDURPqWUHV VRQMWTEDWWWVMNUpXQF
GH OD WUHPSH GX PDJPD ,0 HVW GRQF LPSRVVLECH GH SU
TXD SRXU FRQVpTXHQFH TXH OfRQ QB HWDXXWF & XV \p \G KGCAHLV B!
PDJPDWLTXH SRXU XQ VHXO HW PrPH FRXSOH FULVWDO OLT:

3.1.2 Objectifs expérimentaux

/HV WKHUPREDURPgqWUHVY &S[ OLTXLGH GH 3XWLUND v
PDQTXH GH GRQQpHV GDQV OH GRPDLQH GHV EDVVHV SUHV
OHWVSSOLFDWLRQV YROFDQRORJLTXHV /H SUHPLHU YROHW G
GH YpULILHU OYDSSOLFDELOLWp GH FHV WKHUPREDURPQW
LVODQGDLY FEFJHVW j GLUH SRXU OHV FRQGLWLRQV FUXVW
SUHPLHUV NLORPgQWUHV %MDUQDVRQ HW OHV KXLW SU
OH SULQFLSH HVW GH UpDOLVHU GHV H[SPULHQFHV GYpTXLC
WIBPUDWXUHY UHSUpVHQWDWLYHV GHV EDVDOWHV LVODQGE
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/IH VHFRQG YROHW H[SpULPHQWDO DYDLW SRXU REMHFWLI
FRXSOH &S[ OLTXLGH VH UppTXLOLEUH ORUV3BXTDQVHOW VR
FDV GH OfpUXSWLRQ GH ] TROXKUDXQ LO \' D XQ GpVDI
PLJUDWLRQ ODWpUDOH GH PDJPD j IDLEOH SURIRQGHXU HW
HVWLPpHVY SDU OHV PpWKRGHV SpWURORJLTXHV FH GpVvD
UppTXLOLEUDJH LQFRPSOHW GX FOLQRS\UR[gQH HW GX Ol
PLJUDWLRQ GX PDJPD 3RXU pYDOXHU FHWWH K\SRWKqVH C
VPPOHU OYDVFHQVLRQ GX PDJPD GTXQH FKDPEUH SURIRQGH
HITHFWXpHV

,O pWDLW LQLWLDOHPHQW SUpYX TXH PHXSWRENDBWHH [SPKRLRF
LQWHUQH TXL GHYDLW rWUH OLYUp DX /09 HQ VHSWHPEUH

i FHWWH pWXGH FDU LO SHUPHWWDLW GH WUDYDLOOHU | Gt
HWGHV WHPSpUDWXUHV DOODQW MXVTXT] f& LO pWDLV
OYPHQVLRQ GHV PDJPDV JUKFH | VRQ V\VWgPH GH
ODOKHXUHXVHPHQW FHWWH RSpUDWLRQ D SULV EHDXFRXS
OH IDEULTXDQW HW OJDXWRFODYH QTHVW WRXMRXUV SDV (
D GRIQ¥Fp GpFLGp GH UpDOLVHU OHV H[SPULHQFHV GDQV OHV
FH TXL LPSRVH GH WUDYDLOOHU |j GHV SXBVMIRWR WS} H L]

GpVLUp GHYUDLW DUULYHU ILQ FH TXL SHUPHWWUDLW
FRPPHQW pYROXH OYpTXLOLEUH &S[ OLTXLGH HQWUH HW
&SHVW LO VWDEOH | NP GH SURIRQGHXU " 4XHOOH HVW O
a *3D "

3.2Techniques expéerimentales

3.2.1 La technologie piston-cylindre

7RXWHV OHV H[SPULHQFHV GpFULWHV FL GHVVRXV RQW pWp
F\OLQGUH 3& &HV LQVWUXPHQWVY VRQW XWLOLVpV GHS
H[SPULPHQWDOH (Q HIIHW GH QRPEUHXVHV pWXGHV RQW |
URXWLQH OHV FRQGLWLRQV PDJPDWLTXHDG ¥RV UGID SIDPPH|
%R\G HW (QJODQG +ROORZD\ HW :RRG

$ GLIIpUHQFH GHV DXWRFODYHV GDQV OHVTXHOV OD SUH
SKDVH JD]JHXVH DUJRQ D]JRWH HWF OHV DSSDUHLOV GH
© ) SUHVVLRQ VROLGH 2 %R\G HW (QJODQG /ID FKDUJI
GIXQ DVVHPEODJH F\OLQGULTXH )LJ FRPSRVp GH FKORU
GHpBDPLTXHV /IDVVHPEODJH HVW SODFp GDQV XQH FKDPEL

SRXU JpQpUHU OD SUHVVLRQ RQ pFUDVH OTYDVVHPEODJH
GHX[ HQ FDUEXUH GH WXQJVWqgQH /ITXWLOLVDWLRQ GH PDW
KDXWH WHPSpUDWXUH VHO YHUUH SHUPHW GH WUDQVIRUI
XQH SUHVVLRQ K\GURVWDWLTXH

'"HX[ W\SHV GH SLVWRQ F\OLQGUH RQW pWp XWLOLVpV SRX
H[SPULPHQWDOH H[SPULHQFHV |j SUHVVLRQ FRQVWDQWH I
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FRQWUH SUHVVLRQ GH GLDPgQWUH LQWHUQH PP 3&
H[SPULHQFHV GH GpFRPSUHVVLRQ D pWp PHQp GDQV XQ ¢
GLDPQWUH LQWHUQB& QR GKA/B% QR D pWp XWHYRIOHWS R X
FDU LO HVW PXQL GTXQH SRPSH PDQXHOOH j FDEHVWDQ TXI
GH GpFRPSUHVVLRQ ELHQ FRQWU{OpHV /HV WURLV 3& XWLC
GDQV OHV SLVWRQV F\OLQGUHYV HOOH HVW GH OfRUGUF

30XV FHWWH YLWHVVH HVW pOHYpH SOXV LO \ D GH FKI
GHV FOLQRS\UR[gQHV VRLHQW SUpVHUYpHV j OD ILQ GHV H]

J)LIXUBFKpPD GH SULQFLSH GX SLVWRQ F\OLQGUH /JDVVHPE
HQFDUEXUH GH WXQJVWgQH HQ JULV /D SUHVVLRQ HVW J
SLVWRQ HW OH VXSSRUW GH EDVH WRXV GHX[ HQ FDUEXUH
OH SDVVDJH GIXQ FRXUDQW GH IRUW DPSpUDJH $

LVRODQWY pOHFWULTXHV VRQW ILJXUpV HQ URXJH /D FDSV
HVW VLWXpH DX FHQWUH GH OfJDVVHPEODJH MXVWH DX GH\

3.2.2 Matériaux de départ

"'LIlpPUHQWYVY W\SHV GH PDWpULDX[ SHXYHQW VHUYLU GH ED\
PpODQJHV GYR[\GHV GHV JHOV RX GHV pFKDQWLOORQV QDV
OTRQ VRXKDLWH GRSHU XQH SRXGUH TXL QYfHVW SDV DVVH]
HW KRPRJgQHV [/HV PpODQJHV GTR[\GHV VRQW ELHQ DGDS
VLPSOHVY WHOV TXH OH2& 68 RDR2VOSEHXYHQW DXVVL rWUH X\
GHV V\VWgqPHV FKLPLTXHV SOXV FRPSOH[HV ,0V SHUPHWWFEL
WRXWH OD FDSVXOH H[ )DOORRQ HW DO '"HV pFKDQV
PDOWLDX[ GH GpSDUW SRXU OfYH[SpPULPHQWDWLRQ '‘DQV (
pPFKDQWLOORQV QDWXUHOV LO HVW QpFHVVDLUH GH OHV
OTKRPRIJpQpLVDWLRQ GH OD FKDUJH HW OIYDWWHLQWH GH C
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SUHPLHUV GHJUpV GH IXVLRQ /DSRUWH HW DO /H EUR)
ORDV GHV pFKDQWLOORQV FRQWHQDQW GHV PLQpUDX[ TXL
GHVYXBV KpULWpV FH TXL HVW OH FDV GHV FOLQRS\UR[qQHYV

1RXV DYRQV FKRLVL GH WUDYDLOQHU DQALHQRHFKRQYWLO O
6LRDUVVRQ HW +DOOGYUVVRQ FROOHFWp DX GpPEXW
GRFWRUDQW | OT8QQRHV VAW D T@ U NODIREIH GT+ROXKUDXQ ,\
EDVDOWLTXHV IUDVFKHPHQW WRPEpV /D FRPSRVLWLRQ HQ
GRQQpH GDI¥ Q8 WIDEHOW GIXQ EDVDOWHSEV )HRGWRBWD O HV
SGO0J2 UHODWLYHPHQW FODVVLTXH SRXU XQH ODYH GX V\V\
OHV WHSKUD RQW SRXU FRQFHQWUDWLRQV PR\HQ®HV OHV

XQ 0J FRPSULV HQWUH HW LFL LO M@WFRRASULMW X
HQWUH HW FH TXL HVW OH FDV FDU LO HVW GH
HQLOLFH HW ULFKH HQ IHU RX WKROpLLWH EDVDOWLTXH
EDVDOWH IDLEOHPHQW pYROXp *UtPVY|WQ SURGXLVDQW S
TXDUW] QRUPDWLI H[ 6LJPDUVVRQ HW DO VRLW GH\
WKROpPLLWHY j RO QRUPDWLYH

7TDEHOH &RPSRVLWLRQ URFKH WRWDRBWPpH MAOR GH W@ KB D W VEH

75 ' GH )LVN HW DO TXL HVW XQH WKROpPLLWH WL
)$0286 | NP DX 6XG GHV $o0RUHV GDQV OJRFpDQ $WODQW
GPhHQGHU HW DO GUDJXp VXU OD SRUWLRQ GH OD

Of,VODQGH ULGH GH 5H\NMDQHYV

ID FRQFHQWUDWLRQ HQ HDX GX EDVDOWH )/ D pWp PHVXUj
6FLHQWLILFE )/$6+ &+l1ev@ SG& +>

3RXU FRPPHQFHU/ OHRQW HSKUDDYpV j OJHDX GLVWLOOpPH |
GIXOWUDVRQV VXFFHVVLIV ,0V RQW HQVXLWH pWp EUR\pV
GIpWKDQRO SXLV ILQHPHQW DX PLFUR EUR\HXU DILQ GfT
LQIPULHXUH j —P /DCEIRRXAGW I WRE WRIRRKH QpLVpH HW EU€O0p
KHMdV SXLV VWRFNpPH j OTpWXYH ja f& 7RXWHV OHV VpU
SDUWLU GX PrPH PDWpULHO GH GpSDUW
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3.2.3 Capsules et assemblage expérimental

&DSVXOHV

/D SRXGUH GYpFKDQWLOORQ GRLW rWUH FKDUJpH GDQV X
FRQGLWLRQV SUHPLQUHPHQW OH FRQWHQHXU GRLW rwL
LQWHUDFWLRQ HQWUH OfpFKDQWLOORQ HW OfHQYLURQQH]
FDSVXOH GRLW rWUH SDUIDLWHPHQW LQHUWH HW QH SDV
SUHVVLRQV HW WHPSpUDWXUHVY OHV FRQVWLWXDQWV GH O
i HUWDLQV pOpPHQWY RX PrPH LQVWDEOHV ,0 HVW GRQF
WRWPHQW LQHUWH LPSHUPpDEOH DX[ JD] HW VWDEOH j K
QIH[LVWH SDV &HOXL TXL VIHQ DSSURFKH OH SOXV HVW C
DWP f& | *3D HWBD OLPZDOG HW .HQQHG\ 2U QRYV
GRLYHQW rWUH UpDOLVpPHV j GHV WHPSpUDWXUHV SOXV pOl
GDQV XQH PRLBO@OPLPIMXRH SDOODGLXP SHXYHQW LQFRUSF
H&RQF SURYRTXHU XQH SHUWH HQ IHU GH OD FKDUJH H[Spl
"-RKMHV HW %RGH .DZDPRWR HW +LURVH 3RXU FH
@GV FDSVXOHW GRXEIOMN )LJ OH FRQWHQHXU LQWHUQH
H[SPLPHQWDOH GH OD FDSVXOH GH SODQWUDH ODWFBBVRDW |6
HQ 3W OLPLWH OD FLUFXODWLRI@YWGSDXOUHGHEY H/MMXSRRXGQW
HIY XQH IXJDFLWp GYR[\JgQH FRPSUMXH HQWU 8 H)\0 4 R @WH)QH >
JUDSKLWH OD VROXWLRQ LGpDOH SRXU QRV H[SpPULHQFHYV

JLIXUH&DSVXOHV SODW LQHGIIDSHKW WH S XWLIHIQAHWY HQ SLVWR
FIHVW j GLUH DYHF XQ SLVWRQ GH GLDPgqWUBXWKH LW W XDQ
SLVWRQ F\OLQGUH SLVWRGUBHWIH. D AGWRSODFHPR QW G X
HVW j VRXOLJQHU VRXV GDHVD IV XO® 3&Q 3& (FKHOGHV  OH
GH FDSVXOH GH SODWLQH HVW pJDO j PP j JDXFKH HW |
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$VVHPEODJHYV

/HV DVVHPEODJHV H[SpULPHQWDX[ HQYHORSSDQW OD FDSV
OJLQWpPULHXU )LJ /D SDUWLH H[WHUQH GH OfDVVHPEOD
GIMQILQH IHXLOOH GH WpIORQ PP &HWWH GHUQLQUH ¢
OfDVVHPEODJH HW OHV SDURLV GX F\OLQGUH HQ FDUEXL
OfDVVHPEODJH j OD ILQ GH OJH[SPULHQFH $ OfTLQWpULHXU
S\UKEDQV OHTXHO VILQVQUH XQ IRXU GH JUDSKLWHLOM VHO
VRQW YLVTXHX[ j KDXWH WIS WG D HS BHIW W.RDQ X (RUDPHD C
SLVWRQ HQ XQH SUHVVLRQ LVRWURSH

/IHV SLqFHV VLWXpHV | OfLQWpULHXU GX IRXU GH JUDSKL
DVVHPEODJHV SRXU 3& HW 'DQV 1OHFYOD@ @ H PIE GBI 8B W
SXLV XQH VpULH GH SLqFHV HQ FpUDPLTXHV XVLQDEOHV ©
SODFH OD FDSVXOH HW OD FDQQH GH WKHUPRFRXSOH FDQ

LO QT\ D SDV GH F\OLQGUH GH S\UH[ j OfLQWpULHXU GX
XVLQDEOHV 0J2 (QWUH OD SRLQWH GX WKHUPRFRXSOH

GIDOXPLQH GH PP G{pSDLVVHXU TXL SHUPHW GfpYLWHU
OD FDSVXOH 'DQV WRXV OHV DVVHPEODJHV OD JDLQH GH (
R X PP SRXU OHV DVVHPEODJHV HW UHVSHFWLYHP

WRXMRXUV VLWXpH DX FHQWUH GH OYDVVHPEODJH GDQV
PLQLPDO YRLU FL GHVVRXV &HOD SHUPHW GH JDUDQWL
FRQGLWLRQV GH WHPSpUDWXUH GDQV OHV VpULHV GYH[SpU

)LIUH 6FKpPDV GHV DVVHPEODJHV XWLOLVpV GDQV FHWW
i GWRL VFEFKpPDV PRGLILpY GYDSUqV &RQGDPLQH
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3.2.4 Principe de fonctionnement

JRUVTXH OYDVVHPEODJH HVW SUrW LO HVW PLV HQ SODFH
/YfDVVHPEODJH HVW D @RUXRS $RP%/UGRHLEMOMQHMQ FDUEXUH GH
yLJ /D SUHVVLRQ QRPLQDOH G D3Rrko@ Dd ¥l DPRIDWDHH  HD[S pSULLFF
GH OD SUHVVLRQ GYKXLOH GDQV OH Y3xkl®D U XOlH DUFDASLSRRQLOM
VXUIDFH GX YpULQ SDUW@BoM¥HGDFH GX SLVWRQ

i
2pFKDQV!f-LaORUH_YLULQ > @

SLVWRDQ

3RXU GHV SLVWRQVH@H V YpRIL@H TXL IRQW WASLTXHPHQW |
RQ D GHV UDSSRUWYu&Iv@HH QjVLILFDYWHR GHV SUHVVLRQV G
i EDU RQ SHXW GRQF JpQpUHU GHV SUHVVLRQV QRPLQD ¢
PRQWQW XQ VFKpPD GH SULQFLSH HW XQH SKRWR GX SLVWF

/IH SDVVDJH GT1XQ FRXUDQW GH IRUW DPSpUDJH $ HW

SURGXLSDU HIIHW -RXOH GHV WHPSpUDWXUHV DWWHLJIQDOQ
WKHUPRFRXSOH SHUPHW OH VXLYL GH OD WHPSpUDWXUH D>
FRQVWLWXp GH GHX[ ILOV HQ DOOLDJHV GH WXQJVWgQH H\
VDYRLYHHW 5H WKHUPRFRXSOH GH W\SH & 3RXU pYLWHU C

DX FRXUV GH OfH[SpULHQFH XQH EXVH IRXUQLW FRQWLQ
WKHUPRFRXS OH

)LIXUH 6FKpPD HOVB LY WIRQFL FHOGQG UHV GXD/PED B W QR\

/fDVVHPEODJH FRQWHQDQW OD FKDUJH H[SpULPHQWDO
SRPSH PDQXHOOH QRQ UHSUpVHQWpH SHUPHW GJILQMHFW
OfDVVHPEODJH HQWUH OH VXSSRUW GH EDVH HW OH SLVWR
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3.2.5 Contrble de la pression et de la température

(UUHXUV VXU OD SUHVVLRQ

/D SUHVVLRQ GTKXLOH GDQV OH FLUFXLW K\GUDXOLTXH HV\
FRQYHUWLH HQ SUHVVLRQ © VROLGH 2 VXU OJpFKDQWLOORZC
GX SLVWRQ PpTXDWLRQ &HSHQGDQW OD SUHVVLRQ YUDLE
QRPLQDOH FDOFXOpH j SDUWLU GH OfpTXDWLRQ SDUFH TX
YpULQ LQWHUQH SHXW rWUH SHUGXH SDU IULFWLRQ GX SL
F\OLQGUH LL FHUWDLQV GHV PDWpULDX[ FRQVWLWXWLIV
SODVWLFLWp QRQ QpJOLJHDEOH HW GRQF HQFDLVVHU XQH
IRQFWLRQ GHV PDWpULDX[ HQ SUpVHQFH XQH SDUWLH GH
SDUWLH D[LDOH SHXW SRUWHU XQH SDUW DQRUPDOHPHQW
SUHVVLRQ GDQV OHV DVVHPEODJHYV D pWp FDOLEUpH HQ
UplpUHQFH ' /DSRUWH FRPPXQLFDWLRQ RUDOH &HWWH F
VXU OfpFKDQWLOORQ HVW OpJqUHPHQW SOXV pOHYpH TXH
*3D DX OLHXDGH *3BP3DX OLHX GH *3D &HV UpVXOWDW
OH®RQQpPHY GH OD OLWWpPUDWXUH OfXWLOLVDWLRQ GYDV
UpGXLUH j XQ QLYHDX WUQV EDV OHV FRUUBRMMWRQRKBH 5 Wi
,O0 IDXW QRWHU TXH OfDVVHPEODJH VXU OHTXHO D
OpJQUHPHQW GLIIpUHQW GH OYDVVHPEODJH DFWXHO IHXL(
XWLOLVDWLRQ GH JUDRXW HD X EROLVIHH G HOIR & BIWR K& QRVGILLEHH G
GLUHFWHPHQW LQFRUSRUp j OD FHOOXOH GH VHO

/I MfDVVHPEODJH GX /09 QYD IDLW OYREMHW TXH GYH[SpUL
j KDXWH SUHVVLRQ *3D TXL LQGLTXHQW HNVW O SUHPH/Q
LQIpULHXUH j OD SUHNVWHRVMH WFROPALORPQHHV8HHQ DFFRUG DY
OLWWpUDWXUH OF'DGH HW DO SRXU GHV DVVHPEODJH
Q{WUH OD FRUUHFWLRQ GH IULFWLRQ SRXU FH W\SH GYD\
LQULHXUH GH j OD SUHVVLRQ QRPLQDOH /ID FRUUHFWLR
REVHUYpH GDQV OHV DVVHPEODJHV I MTH[SOLFDWLRQ HYV
FRQWUH OHV SDURLV GX F\OLQGUH VRQW GYIDXWDQW SOXV

(Q SOXV GX GpFDODJH V\WVWpPDWLTXH GH SUHVVLRQ OLp D
GHV YDULDWLRQV TXRWLGLHQQHV GH OD SUHVVLRQ GYKX
IOXFWXDWLRQV GH WHPSpUDWXUH GDQV OH ODERUDWRLUH
j o *3D MRXU SRXU OHV HISVBHHQFHY #BM MRXU SR:
H[SPLHQFHV | *3D
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)LIXUH SKRWRJUDSKLH OpJHQGpH GX SLVWRQ F\OLQGUH

, QFUWLWXGHYV VXU OHV WHPSpUDWXUHYV

JILQFHUWLWXGH VXU OD WHPSpUDWXUH GH OfpFKDQWLOOR ¢
OD UpJXODWLRQ GH WHPSpUDWXUH HW DX[ JUDGLHQWV
WKRARFRXSOHV :5H XWLOLVpV VRQW FDOLEUpV SDU OH IDEU
JDPPH GH WHPSpPUDWXUHV GH FHWWH pWXGH 'H SOXV OD
FRQWU{OpH SDU XQ UpJXODWHXU SURJUDPPDWHXU GH WHP.
GH OD WHPSpUDWXUH GDQV XQH JjBRPBRHQ®RH “ GR & WRPSp
FRQVLJQH 3DU FRQVpPTXHQW OD SULQFLSDOH FIDWH GTL
JUDGLHQW WKHUPLTXH DX VHLQ GH OJDVVHPEODJH :DWVRC
WGLPHQVLRQQHOOH GH OD WHPSpUDWXUH DX VHLQ GTXQ

f& /HXUV PHVXUHV PRQWUHQW TXJLO \ D XQ YROXPH X
GLDPgWUH VLWXp HQYLURQ | RW 0N X@M XWL HBXHU OGXV X HPEOD J
WUQqV SHX YDULDEOH FRPSULVH HQWUH HW f& 3DU
GH FHWWH JRQH XWLOH OHV JUDGLHQWYV GH WHPSpUDWXUH
GHYQQHQW WUGE PPHRY\SOXV
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YLIXUH &RPSDUDLVRQ GHV SURILOV GH 7 GDQV OHV DVVHI

RQW pWp HIIHFWXpHV j *3D HW  f& SRXU OfDVVHPEODJH
*3D HW f& SRXU OYDVVHPEODJH SRLQWLOOpPV JUL

PHVXUpH SDU UDSSRUW DX WKHUPRFRXSOH TXL HVW SODF

OJRUGRQQpH FRUUHVSRQG | OIY GDIlp USSR UGH DXHWR WP K
JRQHV URXJH HW EOHXH LQGLTXHQW OHV SRVLWLRQV GHV p
UHVSHFWLYHPHQW )LJXUH PRGLILpH GYDSUQqV /DPEDUW

/D )LIXUH AFRQWRH @ GH WHPSpUDWXUH OR@ILWHK®B/LQDX[ G
GX /09 &HV SURILOV RQW XQH IRUPH DSSUR[LPDWLYHPHQW

RX PP SUqV j PL KDXWHXU GX IRXU /H JUDGLHQW GH WHEF
OHV PP GH SDUW HW GITDXWUH GX SRLQW FKDXG PDLV L
OfLPSRUWDQFH GH ELHQ SODFHU OD FDSVXOH H[SpULPHQWD
OH IRXU GH JUDSKLWH HW OH SOXV SUqV SRVVLEOH GH OD
UHSURGXFWLELOLWp RSWLPDOH 3RXU PLQLPLVHU OHV HIIH
JUDSKLWH GDQV OHTXHO RQ FKDUJH OD SRXGUH D XQH SUR
O SRLQWH GX WKHUPRFRXSOH HW OH FHQWUH GX UpVHUY
WHPSpUDWXUH j OTLQWpULHXU GHV FDSVXOHV HVW GTHQYLU
HQ 3& )LIXUH

6L OfRQ SUHQG HQ FRPSWH OYHQVHPEOH GHV FDXVHV GYLQ
WHPSpUDWXUH HVW GH * f & SR Xf&ORIXUDYNWWHEBOMHMHB/OD IJHH YV
OD JDPPH GHV WHPSpUDWRUU VD X\H Q RAVR OB RRADX GHHW R R G

3.2.6 Amét des expériences

/HV H[SPULHQFHV RQW pWp DUUrWpHV DSUQV XQH GXUpH F
HSpULHQFHY D pWp GpFOHQFKp PDQXHOOHPHQW DILQ GYfrwuU
FRXUDQW SURYRTXH XQH FKXWH EUXWDOH GH OD WHPSpUDYV
DX 3& 8QH IRLV OfDVVHPEODJH j WHPSpUDWXUH DPELDQWH

121



j OD SUHVVLRQ DWPRVSKpULTXH /HV DVVHPEODJHV H[SpU
PLOXWLHXVHPHQW DILQ GILQVSHFWHU OH IRXU HW OHV ILO
WUDFHV GYR[\GDWLRQ 8QH DWWHQWLRQ SDUWLFXOLqUH
WKHUPRFRXSOH SRXU VIDVVXUHU TXfLO OH[WUNVIRGDGE X
WKHUPRERXSWH DSVXOHV HQ SODWLQH VRQW HQVXLWH UpF
SRXU UMW FRQWHQHXU HQ JUDSKLWH TXH OfJRQ HQUREH GD
HQ GHX[ GDQV OD ORQJXHXU 3XLV OHV GHX[ PRLWLpV GYpF
XQ PRXOH GYXQ SRXFH GH GLDPqQWUH UHPSOL GH UpVLQH p!

I MPFKDQWLOORQ HVW SUp SROL VXU GX SDSLHU 6L& GH JUD
VXVSHQVLRQV GLDPDQWpHV (QWUH FKDTXH WDSLV GH SUp
ULQFp TXHOTXHV PLQXWHV DX EDLQ j XOWUDVRQV MXVTXT]
6 GH —P /H SROLVVDJH HVW DORUV YpULILp HQ PLFURVEFERS
SUHPLqQUH LGpH GH OYDVVHPEODJH GH SKDVHV GH OHXUV

SODFH OfpFKDQWLOORQ GDQV XQ pYDSRUDWHXU PpWDOOLYV
GLWQRHY GH QP GH FDUERQH

/IH 7TDEEXOHRUpFDSLWXOH OYfHQVHPEOH GHV SDUDPgQWUHV WHFK(
GHV UpVXOWDWY SRXU OHV GHX[ VpULHV GYH[SpPULHQFHYV
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7DEOH 5pVXPp GHYV H[SPULHQFHV UpDOLVpHV HQ SLVWRD FWOULGGUH 7] SRWWHLWS RBRG O
SUpPOLPLQDLUHV (48, DX[ H[SPULHQFHV j 3 HW 7 FRQVWDQWHY /HV VpULHV '(& HW VI
FRUUHVSRQGDQW j XQH GpFRPSUHVVLRQ LVRWKHUPH OD VHFRQGH j XQH GpFRPSUHVVL
SDUDJHQQVH GH GpSDUW GHV VpULHV GH GpFRPSUHVVLRQ PDLV HOOH DXUDLW SX V{DS
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3.3Techniques analytiques

3.3.1 Le microscope électronique a balayage (MEB)

JYIREVHUYDWLRQ DYHF XQ 0(% -(2/ -60 /9 SHUPHW OTfLQ
ORFDOLVDWLRQ GIpYHQWXHOOHV ]JRQHV GILQWpUrw j DQD
(QHUJ\ 'LVSHUVLYH 6SHFWURVFRS\ OH 0(% SHUPHW pJDOF
SKDVHV HQ SUpVHKYEH OB WLDIDY L MWA [@MOQF TXpULU GHV SKRWHF
ERQQH UpVROXWLRQ GHV ]RQHV LQWpUHVVDQWHYV GDQV F
OTREWYDWLRQ DX 0(% D SHUPLV GH GpWHFWHU GHV DQRPD
FROQWHQHXU HQ JUDSKLWH D\DQW FRQGXLW j XQ FRQWDFW
i XQH SHUWH HQ IHU

)LIXUH D E ,PDIJHV 0(% GH OYpFKDQWLOOR®D4BKDUJH HV'
SHVTXH HOWLqUH OH IRQG GH OD FDSVXOH HVW HQ KDXW
FKDUJH DOIXHQ©®HYV FOLQRS\UR[gQHV HW GX YHUUH a GH
JUDSKLWH HVW YLVLEOH QRLU VXU OHV F{WpV GHV SKRWR

3.3.2 Analyse des éléments majeurs_a la microsonde électronique

SBULQFLSH DQDO\WLT XH

/D PLEURVRQGH pOHFWURQLTXH SHUPHW XQH DQDO\VH TXD¢
PFKDQWLOORQ &HOXL FL ERPEDUGpP SDU XQ IDLVFHDX GTp
FRQWLHQW GHV SLFV UDLHV FDUDFWpPULVWLTXHV TXL SHL
OfpFKDQWLOORQ /HV GpWHFWHXUV PHVXUHQW XQH LQWH
FRQQXH SDU UpIUDFWLRQ VXU XQ FULVWDO PRQRFKURPDWF
GH %UQJJG/LQ MXBFQRPEUH HQWLHU OD ORQJIJXHXU GYRQ
GOD GLVWDQFH HQWUH GHX[ SODQV FULVWDOORJUDSKLTXH
OH IDLVFHDX LQFLGHQW HW OD VXUIDFH GX FULVWDO &7
TXDQWLILEDWLRQ

IDPLFURVRQGH pOHFWURQLTXH GLVSRQLEOH DX /DERUDWRL
6; TXL SRVVgGH TXDWUH VSHFWURPgQWUHV HW KXLW FULV
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OD SRLUH G [EOWMXPRQH[FLWp SDU OH IDLVFHDX ERPEL
FRUUHVSRQG j HDQUR®YV FPQGLWLRQV RQ SHXW DQDO\VH
GIpFKDQWLOORQ HW GRQF PHVXUHU OD ERUGXUH GTXQ FUI
GIpTXLOLEUH RX QRQ

&RQGLWLRQV GIDQDO\VH

/fDQDO\WH GHV YHUUHV D pWp HIIHFWXpH VRXV XQH WHQVLI
Q$ HW XQ IDLVFHDX GpIRFDOLVp | —P ORUVTXH FHOD pWDL
RQUWp DQDO\WpV VRXV XQH WHQVHBHQ@ €RKXEPLYY UGN LR QS$ GH
IDLVFHDX IRFDOLVp /H WHPSV GH FRPSWDJH GH FKDTXH pO
D pWp UpDOWGH GHV VWD QB DIV VXEYWE WD $OUDOLWH )i
IRUVWpPULWH 07L 0Q7L2L2 1L RUWKRVH . HW ZROODVWRC

7UDLWHPHQW GHV GRQQpHV HW ELODQV GH PDVVH

/HVDQDO\WHV UpDOLVpHV j OD PLFURVRQGH VRQW pYDOXpH\
QRQ VLJQLILFDWLYHV VRQW V\VWpPDWLTXHPHQW pOLPLQpH"
FULVWDX[ RX GH ILJXUHV GH WUHPSH DQDO\WpHV SDU HUUF
EDVpH VXU OH WRWDO DQDO\WLTXH VfLO HVW LQIpULHXU

‘'HV ELODQV GH PDVVH RQW pWp UpDOLVpV SRXU OD VpUL
GLDJUDPPH GH SKDVHV GTXQH WKROpLLWH EDVDOWLTXH /I
SURYRVW $OEDUgGH HW 3URYRVW HW SHUPHW j SDUW!
HW GH OD URFKH WRWDOH GH FDOFXOHU OHV ELODQV GH
IUDFWLRQV PRGDOHV GH FKDTXH SKDVH SUHQG HQ FRPSWH
GH OD URFKH WRWDOH HW GHV SKDVHV HQ SUpVHQFH

34EXpérLHQFHY j OfpTXLOLEUH

3.4.1 Procédure expérimentale

'RX]H H[SPULHQFHV | OfpTXLOLEUH RQW pWp UpDOLVpHV !

FRPSRVLWLRQV GHV SKDVHV GX EDVDOWH )/ |j HW j  *3
f& TBE 'DQV OHV GHX[ SUHPLqQUHV H[SPULHQFHV |

R@PYDLW FKRLVL GILQWURGXLUH XQ SUHPLKU SXYIOLHH GEB LW

ODWHPSpPUDWXUH j f& /TREMHEWLI pWDLW GH IRQGUH FR
GHV SUREOQPHV WHOV TXH GHV FRXURQQHV GH VXUFURLVYV
TXH F{pWDLW XQ PDXYDLV FKRL[ OYH[SPULHQFH | *3D SI

JpDQWY HW ]JRQpV DX OLHX GIXQH PXOWLWXGH GH SHWLWV
XQH GLIILFXOWp GH QXFOpDWLRQ GX FOLQRS\UR[qQH HW GX
FHV FRQGLWLRQV H[SPULPHQWDOHYV

3RXU OHV H[SPULHQFHV VXLYDIQWEDOLRQ P © pfdGHG $IUNHRS/AU
HWQ WHPSpUDWXUH GHV H[SPULHQFHV D pWp UpDOLVpH HC
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MXVTXT] *3D LL FKDXIIDJH MXVTXT] f& SRXU © U
DXHQWDWLRQ GH OD SUHVVLRQ MXVTXYTj OD YDOHXU ILQDO
PLQXWHV | f& LY FKDXIIDJH ILQDO MXVTXYTj OD WHPSpU
PVBBY GH FKDXIIDJH RRXQY WOWE[UPPOLKOHVYQ 7RXWHV OHV H
PDLQWH QRHWHPSpUDWXUH ILQDOH SHQGDQW KHXUHV DY
H[SILHQFHV GTpTXLOLEUH GL[ RQW pWp UpDOLVpHV HQ 3&
3& FRPPH OHV H[SpPULHQFHV GH GpFRPSUHVVLRQ OfRE
GIpTXLOLEUH GX V\VWqPH DYDQW RX DSUQqV OfpWDSH GH G

3.4.2 Expériences a 1 GPa

6HSW H[SpULHQFHV RQW pWp UpDOLVpPHV j *3D DYHF GHYV
f& /HV FRQGLWLRQV H[SPULPHQWDOHV HW OHV SULQFLS
/D VXLWH GHV SDUDJHQgVHV HVW OD VXLYDQWH

i HW f& OD SDUDJHQqVH HVW FOLQRS\UR[qQH OL
HPpULHQFH HW *BR® QH FRQWLHQW TXTXQ VHXO JUDQG FUL\
—P GDQV GX YHUUH WUQqV IUDFWXUp )LJ 'DQV OTH[Sp

OH FOLQRS\UR[qQH VH SUpVHQWH VRXV OD IRDOM GHXQ C
GHX[ H[SPULHQFHV OHV FULVWDX[ GH &S[ VRQW DXWRPRU
GpVPpTXLOLEUH WH[WXUDO 2Q YHULIV S\ORXYWORKEV LV HEWRLRX
DYHF OH OLTXLGH HQYLURQQDQW OHV SDLUHV &S[ OLTXLG
HQ WUqV ERQ DFFRUG DYHF OHV FRQGLWLRQV GH OfH[SpULF
JUDQGH WDLOOH HQ SDUWLFXOLHU | f& WpPRLIQHQW G
SUPpFLSLWDWLRQ j FHV KDXWHV WHPSpUDWXUHV HW IRUWH
H[SPULHQFHV GpPRQW DKMD&XYXH OGBDSKHUWHOBIXFOLQRS\UR[qC
SDV SUpFLVpPHQW OD WHPSpUDWXUH GX OLTXLGXV PDLV F

f& GIDSUQV OHV GHX[ H[SPULHQFHV DYHF XQ SUHPLHU ¢
UpDOLVpV OJHVWLPHQW SURFKH GH f&
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)LIXUH ,PDJH 0(% GH OD FKDUJH (48, *3D HW
IUDFWXUpH ORUV GH OD GpFRPSUHVVLRQ HW RX GH OD SUp:

i HW f& OD SDUDJHQQgVH HVW FOLQRS
OLTXLGH OfROLYLQH QYD pWp REVHUYpH GDQV DXFXQH H

f& RQ REVHUYH OD PrPH VWUXFWXUH LQWHUQH DYHF GH
GTIXQ DJUpJDW GH &S[ HW 30 DYHF XQ SHX GH YHUUH LQW
SXUHPHQW YLWUHXVH HW XQH PRLWLp VXSpULHXUH FRPSR!
GLVSHUVpPV GDQV GX YHUUH /HV FULVWDX[ GH &S[ HW 30
OfSPULHQFH j f& VRQW SOXV SHWLWV TXH FHX[ GH OfH[:
&S[ GH OD PRLWLp VXSpULHXUH IRQW j —P | df& FRQ

f& OHV pFKDQWLOORQV VRQW QHWWHRHGW 68XV BHLN
FULVWDOOLVDWLRQ DXJPHQWH UpJXOLJQUHPHQW GH fa&
PFKDQWLOORQV HVW FRPSRVpH SDU XQ DJUpJDW GH FULVW|
LOQWHUVWLWLHO GRQW OD TXDQWLWp GLPLQXH GH KDXW H
HQULFKLH HQ YHUUH HW DSSDXYULH HQ 30 HVW SUpVHQWH

E PDLV SDV j f&

/D IDLEOH IUDFWLRQ YROXPLTXH GHAAOLTXRGHWGDI\S WOHAH OF
JRQDWLRQ GDQV OHV PLQpUDX[ )LJ YRQW FRPSOLTXHU
FE®ROV WKHUPREDURPpWULTXHV /HV FRXFKHV HQULFKLHV |

f& VRQW OHV JRQHV OHV SOXV IDYRUDEOHV SRXU OfREW
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JLIXUH D E 9XH G HQVHPEOH GH &Y piRKDEWIDLOR Q H (©O9],p F
(48, b &HV GHX[ pFKDQWLOORQV PRQWUHQW GHV VWU;

SDIHQQVHV VLPLODLUHV /HV &BDPVHMHQ 3W p YHIQF HRQRQWH
FODLU

J)LIXUH DE 9XH G HQVHPEOH D HW GpWDLO E GH OfpFK
/IHV SKDVHV HQ S&%VHQEM VBRQWJULV IRQFp HW YHUUH JUI
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PLQFH FRXFKH HQULFKLH HQ YHUUH HW DSSDXYULH RX
OfpFKDQWLOORQ

JLIXUH 7BI[BXUHV LQWHUQHV GHYODUUNINWREU&S] YHUWH J
GD/QOHV H[SpUWLHQf&Ha (4B, b (48, /IDQDO\WH GX Y
HW FRPSOLTXpH SDU OD FURLVYDERHREHOBUSWMWDWMH GMDWQOD
YHUUH OHV PLQpUDX[ PRQWUHQW GHV JRQDWLRQV LQWHUQF

3.4.3 Expériences a 0.5 GPa

7URLV H[SPULHQFHV RQW jpWp*3BBQWPHY HMW®BE& f& 7DEO
/HVH[SPULHQFHV j HW f& PRQWUHQW OD PrPH SDUD
/fpPEFKDQWLOORQ (48, HVW FRPSRVp SUVDQXFLGDQW PHDQSD
VXSPULHXUH TXL HVW FRQVWLWXpH GYXQH FRXFKH ULFKH H
DXV TXHOTXHV FULVWDX[ GH &S[ GDQV OHV FRLQV LQIpULH:
&S[ HW GH 30 SHXW GpSDVVHU FRBURNHYV HQWL-B H OHOXKY VI
FULVWDX[ PRQWUHQW GHV JRQDWLRQV LQWHUQHYV

ITESpPULHQFH j f& PRQWUH XQH VWUXFWXUH LQWHUQH VL
R X f& FI YLJ D DYHF L XOQH JRQH VXSpULHXUH FRPSF
—P ]JRQpV RX QRQ DFFRPSDJQpV GH TXHOTXHV SHWLWV FL
D XQH ]JRQH LQWHUPPGLDLUH FRQVWLWXpH SQMALHXH/ H[F
LQIpULHXU HQULFKL HQ FULVWDX[ GH &S[ HW 30 DWWHLJQDC
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J)LIXUH OLFURSKRWRJUDSKLH DX 0(% PRQWUDQW OHV FU
OD SDUWLH VXSpULHXUH GH OYpFKDQWLOORQ (48,

)LAUH DE 'pwDLOV 0(% GH OD FKDUJH DYHF OH PrPH
GH 8DUWLH KDXWH GH OD FKDUJH Re OHV &S[ SHXYHQW GpS
OH&S[ HW OHV 30 VRQW JRQpV HW GH GLPHQVLRQV FRPSDUD

3.4.4 Composition des phases

7TDEOH&RPSRVLWLRQ HQ pOpPHQWY PDMHXUV GHV SKDVHYV
SURWRRIQV GH FHV SKDVHV GHX[ GHUQLqUHV FRORQQHV FI
HW B3URYRVW
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JLIXUH (YROXWLRQV GH OD FRPSRVLWLRQ HQ pOpPHQWV PDMHXUV GHV YHUUHV PR\HQV
9HUUH FRUUHVSRQG j OD VpULH (48,
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9HUUHYV

/IHV YHUUHYV | HW *3D SUpVHQWHQW TXHOTXHV GLIIpUHC
GH SHQWH TXDVL VA\VWpPDWLTXH YHUV f& VXU OHV JUDS
FRPRVLWLRQ GHV YHUUHV HVW GH SOXV HQ SOXV SULPLWLY
FURLVVDQW GHV EDVVHV YHUV OHV KBXWHS/OXW P pRIBQWNEHG
GH SGV 2Q QRWH pJDOHPHQW TXH OYLQIOXHQFH GH OD
YWUOHV KDXWHV WHPSpUDWXUHYV FH TXL VHUD VRXOLJQp S

3ODJLRFODVHYV
/IHV SODJLRFODVHYV PR\HQV GH FKDTXH H[SpULHQFH DSSDU\

$Q j OTH[FHSWLRQ GY(48, TXL SUpVHQWH ¥QH FRPSR'
VLIJQLILEFDWLYHPHQW SSIDOW SULLFPHV HYH&HQHW SOXV SDXYUH F
SODJLRFODVHV PR\HQV )LJ 6L OTRQ PHW G$QFFNp XQH |
i G SGV GIDQRUWKLWH OHV SODJLRFODVHV H[SPULPHOQ
i $Q DYHF SRXU YDGHXUDSBDHIQMHODQW DLQVL DX/IGRPDLQFL
SODJLRFODVHV REWHQXV *3D VRQW OpJqUHPHQW SOXV D

SUpFpGHQWH SuUqV

)LIXUH &RPSRVLWLRQV GHV SODJLRFODVHV SURMHWDpPHYV
$@ 12 DOELWH $B +1 DEOBUWKLWHEL2$Q 3 DFRUUHVSRQG
SODJLRFODVHV j NEDU 6HXOH (48, WRPEH GDQV OH |

/IHVSO GH OD FKDUJH (48, VH GLYLVHQW HQ GHX[ SRSX
PR\HQQH | $MPPH GjT$® OH VHFRQGDPBB $$0 &HWWH

SDUWLFXODULWp HVW j PHWWUH HQ UHODWLRQ DYHF *HLJH
SODJLRFODVHV GJpFKDQWLOORQV GH ODYHV GY+ROXKUDXQ
SODJLRFODVHV OHV SOXV ULFKHV HQ $Q F j G OHV E\WRZQ
SDV GX PrPH PDJPD TXH FHOXL TXL D DOLPHQWp OfpUXSW
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SODJLRFODVHV SUpVHQWY GDQV OHV WHSKUD GT+ROXKUD X
GLIIpUHQWY LOV VRQW QHWSMDHP QW DSAXVG EDHOR LTGHY D OC
HWO /HV FULVWDX[ GH SODJLRFODVHV VRQW PDMRULWDLL
GRQF OH UpVXOWDW GTXQH LQWpJUDWLRQ GH FHV ]JRQDWI
YXWOLVHU OD JDPPH FRPSRVLWLRQQHOOH SURSUH | FKD
SUpPpVHQWHQW WRXV XQH JRQDWLRQ QRUPDOH DYHF XQ F°XU
/HV F°XUV VRQW pJDOHPHQW SOXV ULFKHV HQ $0 PDLV SOX
DX[ VXEVWLWXWLRQV FODVVLTXHV &D 6L HW 1D $O

&OLQRS\UR[gQHYV
/HV FOLQRS\UR[qQHVY REWHQXV GDQV OHV H[SPULHQFHV |

DXJLWHV )LJ FH TXL FRUUHVSRQG j OD FRPSRVLWLRQ F
EMWOWLTXHV GY,VODQGH WHOV TXH FHX[ GH *UtPVY|WQ +|
+DGGDGL HW DO *DXWKLHU HW DO *HLIJHU HW D
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J)LJXUH aD &ODVVLILFDWLRQ GHV S\UR[qQHV G&IB2 OH WULD
IHUURVLOLWIE HQVWDOWLWH2 () &RPSRVLWLRQ GHV FOLQRS)
H[SPULHQFHV GYpTXLOLEUH | )V(GD G®IPN jOH*3\DULMQBFRHE PSR
MDXQH SkOH FRUUHVSRQG DX[ FS[ DQDO\VpV SDU *HLJHU H

&RPSDUpPV DX[ &S[ REWHQXV j *3D OHV &S[ REWHQXV j *
30XV SDXYUHV HQ 6L2
30XV ULFKHVEBQVH2WHPSpUDWXUH PDLV FHOD VI{DPHQ}
30XV ULFKHV HQ )H2 PDLV FHOD VY{DPHQXLVH YHUV
8Q SHX SOXV SDXYUHV HQ 0J2 HW &D2 PDLV FHOD V{DP}

/HV&$ SHXYHQW SUpVHQWHU XQH JRQDWLRQ F°XU ERUGXUH
JRQDWLRQV FKLPLTXHV UpVXOWHQW GH OD YLWHVVH GH G|
OJLQWHUIDFH FULVWDO OLTXLGH /D JRQDWLRQ VHFWRULH/(
IDFHV GX FULVWDO QYHVW SDV LGHQWLTXH OHV JUDQGHV
TXH OH 6L /D JRQDWLRQ F°XU ERUGXUH D pWp pWXGLpH HV
GTXQH SDUW FHX[ SRXU OHVTXHOV OH F°XU HVW SOXV SDX
F°XU SOXV SDXYUH HQ IHU PDLV OD ERUGXUH HVW SOXV SD)
SOXV ULFKH HQ 6L TXH OD ERUGXUH HW D SOXV GH &D HW 0
/H SUHPLHU JURXSH FRUUHVSRQG j OD WHQGDQFH FODVV
EDVDOWLTXHV FHX[ FL GHYHQDQW GH SOXV HQ SOXV ULFKHI
OD FULVWDOOLVDWLRQ GX &S[ HV3AW SRXVLEOH FRPEW X® JFRO
OH GLDJUDPPH GH SKDVHV * yLJ

$ILQ GH VYDIIUDQFKLU GH FH SUREOqPH F°XU ERUGXUH GDC(
VHXOHV OHV UHODWLRQV HQWUH ERUGXUHV GH &S[ HW YHU
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3.4.5 Diagramme de phases

(Q FRPELQDQW OHV LQIRUPDWLRQV REWHQXHV GDQV OHV G
FRQVWUXLUH XQH pEDXFKH GX GLDJUDPPH GH SKDVHV GHV )

OrPH VL OHV GRQQpHV H[SpULPHQWDOHV VRQW HQFRUFL
FRQFOXVLRQV VXLYDQWHV )LJ

/D SKDVH DX OLTXLGXV j *3D HVW OH FOLQRS\UR[qQH /C
SDUW HQWUH f& HW f& GIDSUQV OHV GHX[ H[SpULHQF
PDLV SUREDEOHPHQW MXVWH XQ SHX DX GHVWRHSOWKDGMI | f&
FULVWDOOLVHU | *3D HQWUH HW fa&

&RPPH QRWUH H[SPULHQFH | *3D f& D pFKRXp HW T

f& FRQWLHQQHQW &S[ HW 30 RQ QH SHXW SDV GLUH VL
TXL HVW OD SKDVH DX OLTXLGXV | *3D

$XFXQ FULVWDO GYROLYLQH QYD pWp REWHQX GDQV FH
FULVWDOOLVH j GHV WHPSpUDWXUHV LQIpULHXUHV j f& |

pTXLOLEUH DYHF OH PDJPD GT+ROXKUDXQ 2Q UHYLHQGUD S
FI' VHFWLRQ

JLIXUH 'LDJUDPPH GH SKDVHV GX EDVDOWH )/ GH OfpUXS:
SDUDJHQQVHV H[SpULPHQWDOHVY VRQW UHSUpVHQWpHV SDU
&S[ 30 /LT /HV GURLWHV GIDSSDULWLRQ GX &S[ DX OL
FHOOHV SURSRVpHV SDU )LVN HW DO SRXU OD FRPSRYV
FRPSRVLWLRQ )/ $XFXQH ROLYLQH QYD\DQW pWp REVHUY|
DSSDUDVWUH j SOXV EDVVH WHPSpUDWXUH GDQV OD FRPSR

'DQV OD )LJIJXUH VRQW UHSRUWpPHVY OHV FRXUEHV GYDSSE
SURSRVpPHV SDU )LVN HW DO SRXU OJpFKDQWLOORQ 7
VXU OD ULGH GH 5H\NMDQHV &H EDVDOWH D XX HFRWSRVL
FRQVWLWXH GRQF XQH ERQQH EDVH GH FRPSDUDLVRQ ,0 |
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SKDVHV GX EDVDOWH 75 ' GDQV OfDUWLFOH GH )LVN HW
HQ HIIHW VXU OHV WHPSpUDWXUHV GH FULVWDOOUVDWLR
OTK\SRWKqVH GIXQH DXJPHQWDWLRQ OLQpDLUH GH OD WHF
OD SUHVVLRQ f& *3D SRXU OH &S[ f& *3D SRXU OH 30
PBMQW HVWLPpHV j SDUWLU GIpWXGHV H[SPULPHQWDOHV |
EDVDOWLTXHVY ,0 \ D XQ WUqV ERQ DFFRUG HQWUH OH GLI
75 ' HW QRV UpVXOWDWV H[SpULPHQWDX[ j *3D HQ FF
OLTXLGXV OD SKDVH DX OLTXLGXV HW OD WHPSpUDWXUH (
GDQV QRV GHX[ H[SPULHQFHYV j *3D HVW DXVVL HQ DFFRU
)LN HW DO 6HORQ FHV DXWHXUV OD SKDSB DOH GO XL
GHYHQDQW OD SKDVH DX OLTXLGXV HQ GHVVRXV GH *3D

/HSULQFLSDO GpVDFFRUG HQWUH OH GLDJUDPPH GH )LVI
H[SpPULPHQWDOHV FRQFHUQH Of20 TXL QYD MDPDLV pWp
FRPSDUDLVRQ PRIMWIWKUBH GLDJUDPPH GH SKDVHV GX YHUU
JRQHM$0286 ULGH PpGLR DWODQWLTXH %HQGHU HW DO
WKROpPLLWH j ROLYLQBXWURQYHSUK®LW DBIS R UBEDMH 0J )H 2Q
YROWH GDQV FH FDV OfROLYLQH HVW XQH SKDVH PDMHXUI
OD SKDVH DX OLTXLGXV GH OD SUHVVLRQ DWPRVSKpULTXH
GHROLYLQH GDQV OH EDVDOWH 75 ' DLQVL TXH OHV WHF
jPHWWUH HQ UHODWLRQ DYHF VRQ FDUDFWqUH QHWYWHHFPHQW
XQ UDSSRUW 0BHIJ )H OD FRPSRNYWLRE®IqQUHPHQW SOXV GLI
75 ' FH TXL SRXUUDLW H[SOLTXHU OD FULVWDOOLVDWLR

)LIXUH 'LDJUDPPH GH SKDVHV VLPSOLILp GH PRGL
ITR®LQH HVW DX OLTXLGXV MXVTXYT] SOXV GY *3D FH TXL Q
DO HW )/ TXL VRQW GHX[ WKROpLLWHYV SOXV GLIIpUH (
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3.5Expériences de décompressiarcinétique de rééquilibrage du couple
clinopyroxene-liquide lors GH OY{DVFHQVLRQ PDJPDWLTXH

3.5.1 Stratégie

'"HV H[SPULHQFHV GH GpFRPSUHVVLRQ YLVDQW j VLPXOHU
SURIRQGH j XQH FKDPEUH VXSHUILFLHOOH RQW pWp HIIHF
QPFHVVDLUH SRXU TXTXQ FRXSOH &S[ OLTXLGH VH UppTXLC
FRQGLWLBQAMDXVH GX UHWDUG GH OLYUDLVRQ GH OfDXWRFO
OHV H[SPULHQFHV RQW pWp UpDOLVpHV HQ SLVWRQ F\OLQG!
SUHVVLRQV DWWHQGXHV HQ ,VODQGH OD SUHPLQUH pwWDS
'HX VFpQDULRY RQW pWp HQYLVDJIpV HQ FH TXL FRQFHUQH
OfpWDSH GH GpFRPSUHVVLRQ )LJ

'DQV OH SUHPLHU VFpQDULR RQ FRQVLGQUH TXH OH |
SUDWLTXHPHQW SDV DX &RXWH IDH NQQLRQFEQVREQWLTXH \
YROXPH GH PDJPD SDVVH WUQV UDSLGHPHQW GH j *3D
TXH OTHQYLURQQHPH /M WKW PLIPUODLUH j OfHQYLURQQHP
DGLDEDWLTXH FRUUHVSRQG j XQH GLPLQXWLRQ WUQV IDLEO
GH OfRUG&DGHQ BUDWLTXH RQ D GRQF FKRLVL GH VLPXOF
GHV H[SPULHQFHV LVRWKHUPHV FHOD FRUUB WSHRRSY | W X\W
UHWHQXH HVW f& FYHVW j GLUH TXH OfRQ VH VLWXH GD(
GX FKDPS j &S[ 30 OLTXLGH 6L OfRQ SDUW GH FHWWH
LQpYLWDEOH GTXQH GpFRPSUHVVLRQ HQ PRGH LVRWKHUPH
OD FRXUEH GH OLTXLGXV DX FRXUV GH VRQ DVFHQVLRQ HW
*3D /H SUHPLHU VFpQDULR HVW GRQF LQWpPUHVVDQW SRX
GLR/OXWLRQ GX &S[ PDLV QH SHUPHW SDV GYDERUGHU OH S
&$ OLTXLGH

'‘DQVY OH VHFRQG VFpQDULR OH PDJPD VH UHIURLGLW VL
UHVWH VWDEOH DX FRXUV GH OIDVFHQVLRQ HW j OD SUHVV

37SDUDOOGOH DX OLTXLGXV GX EDVDOWH f& *3D )LVN H
GH N XQH WHPSpPpUDWXUH ILQDOH GH '@V GHHW B/WO DL §
*3D f& OfpWDW GIpTXLOLEUH GX V\VWGqPH HVW FDU

O LTGH
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J)LIXUH 5SHSUpVHQWDWLRQ VFKpPDWLTXH GHV GHX[ VpULHV GTf
HW '(& GDQV XQ3GLDEHVDPHPEGDWLRQV GH SKDVHV LQGLTXpHYV
OD FRPSRVLWLRQ 75 " GH )LVRDHW DMKDEDU 1%

/HV H[SPULHQFHV GH GpFRPSUHVIOHRIQ WRROW F pOWpQ G PBIO QR H V
DVVHPEODJHYV DX OLHX GHV DVVHPEODJHV XWLOLV
/TLQWpPUrW GX SLVWRQ F\OLQGUH QR HVW TXJLO HVW PX
SHUPHW GH UpDOLVHU GHV UDPSHV GH GpFRPSUHVVLRQ ELH
HW GH FKDXIIDJH GHV H[SpULHQFHV GH GpFRPSUHVVLRQ VF
SRXU OHV H[SPULHQFHV | OfpTXLOLEWHD FIf& OfpSeV
GpFRPSUHVVLRQ HVW ODQFpH OH WDX[ GH GpFRPSUHVVLR

DWWHLQGUH *3D SHQGDQW FHWWH pWDSH OD WHPSpUD
FDOH HVW GLPLQXpH GH f& '(& [/fH[SPULHQFH HVW ILQDO
YDULDEOH | *3D HW f& '(& RX f& '(& DYDQW G

LOQLWLDOH GH WUHPSH HVW GH OfRUGUH GH f& V. GRQF OF
VHFRQGHV /H QRP GHV H[SpPpULHQFHV GH GpFRPSUHVVLRQ H
OD GXUpH GX SDOLHU | *3D SDU H[HPSOH '(& PLQ

/THQVHPEOH GHV FRQGLWLRQV H[SpULPX QWD OpWLH V& UkpVW
FRPSRVpH GH H[SPULHQFHV UpXVVLHV DYHF GHV ®XUpHV
H[SPULHQFH GH PLQ D pFKRXp j FDXVH GTXQ SUREOqPH GH
TXL D PLV HQ FRQWDFW OH EDVDOWH HW OD FDSVXOH HQ SC
H[SPULHQFHV PDLV FLQT GIHQWUH HOOHV IRQW &WKRXMW SF
WX[ GIpFKHF HVW OLp HQWUH DXWUHV D XQ FRPSRUWHPHQ
i EDVVH SUHVVLRQ /D VpULH '(& HVW GRQF FRPSRVpH GH T
PLQ K HW K j *3D f& (Q SOXV GHV H[SpPLHQFH\
XOQH H[SPULHQFH GH MRXUV j *3D f& HQ DVVHPEODJH
VI\VWgPH GDQV OHV VpULHV '(& HW '(& DYDQW OfpWDSH GH
GX 7DEOHDX
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/ID VWUXFWXUH LQWHUQH GH OJpFKDQWLOORQ '(& ,1,7 HVW
FRPRVpPH HQ KDXW GTXQH SDUWLH YLWUHXVH TXL RFFXSH
UHVWDQWY HQ EDXQDVUR Q@ID \WRGNVIISEKPNK G BHX GH YHUUH L

D $ OJLQWHUIDFH HQWUH FHW DJUpJDW HW OD SDUWLH Y
&S[ )LJ E /D SDUDJHQQVH GH OfH[SPULHQFH '(& ,1,7 HVV
GHWSPHULHQFHYV GYpTXLOLEUH j *3D HW VXJJqQUH TXH OH SOL
i HWWH SUHVVLRQ )LJ &HSHQGDQW GDQV OH GpWDLO
GHYUWH FULVWDOOLVDWLRQ XQ SHX SOXV pOHYp TXH FHOXI
&HOVLIQLILH TXJLO \ D XQ SHWLW GpFDODJH HQ SUHVVLRQ
IDLWHV DYHF OHV DVVHPEODJHYV HW FHOOHV IDLWHV DY

YLIXUH 9XH G HQVHPEOH DX 0(% GH OJpFKDQWLOORQ '(&
f&IDLWH HQ 3& /HV S KDDHAS[ HIQ ISWpVOHQ BB URHQW IR QF
JW FODLU

JLIXUH 'PWEDLOV LOOXVWUDQW OHV WH[WXUHV GDQV OD S
1,7a $ SUR[LPLWp GX FRQWHQHXU HQ JUDSKLWH OHV FUL\
MRLQWLIV HW OD IUDFWLRQ GH YiH OUHQ WHW HFW IHVQMWHILH HOM\E
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30 HW OD PRLWLp YLWUHXVH GH OfpFKDQWLOORQ OD IUD|
GHYLHQQHQW GRPLQDQWYV /HV FOLQRS\UR[gQHV HW OHV SC

3.5.2 Série DEC1

/fpFKDQWLOORQ '(& K D pWp WUHPSp GLUHFWHPHQW j OD
*3D &HWWH FKDUJH HVW HVVHQWLHOOHPH@WHYEWQE XVGEIH

PRQV GH HQ YROXPH HVW FRQVWLWXpH GYXQ DPDV GH F
)L E O0DOJUp OD FRXUWH GXUpH GH OfpWDSH GH GpFRP:
SUPPWY j *3D RQW WRWDOHPHQW GLVSDUX

JLIXUH aD9RKH G HQVHPEOH DX 0(% GH Of p'f WDQW LORORQU D\
WH[WXUHV GH GLVVROXWLRQ j OD SpULSKpULH GHV JUDLQV
JULV IRQFp HW YHUUH JULV

/fpPFKDQWLOORQ '(& K D pWp WUHPSp DSUQV KHXUHV |
DW FRXUWH RQ FRQVWDWH TXH WRXV OHV &S[ HW 30 GH
HVW WRWDOHPHQW YLWUHXVH )LJ &RQIRUPPPHQW DX]
IUDFKLW VRQ OLTXLGXV ORUVTXH OD GpFRPSUHVVLRQ VH ID
LVRWKHUPH RX SUHVTXH GpFRPSUHVVLRQ DGLDEDWLTXH
TXH OHV HIIHWV GX IUDQFKLVVHPHQW GX OLGXUSDXVLWHRFP
LPPpGLDWH GX 30 j OD ILQ GH OD GpFRPSUHVVLRQ VXLYLH
GH GLVVROXWLRQ GHV SKDVHV FULVWDOOLQHV HVW GRQF |
DYHF XQ DJUpJDW GH JUDLQV MRLQWLIV SUHVTXH GpSRXUY
DX[ LQWHUDFWLRQV PLQpPpUDO OLTXLGH
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)LIXUH ,PDJH 0(% GH OfpFKDQWLOORQ '(& K TXL HVW W

3.5.3 Série DEC?

/D )LIXUH D PRQWUH OD VWUXFWXUH GTHQVHPEOH G
LPPPGLDWHPHQW | OD ILQ GH QD UBPSH G& QF RRSHIHYR/XRI
pOpPHQWY FDUDFWpPULVWLTXHV GH OfpFKDQWLOORQ '(& ,1,
DTXLGH HW OD FRH[LVWHQFH GYXQH SDUWLH YLWUHXVH F
JRRPH VXU OD SDUWLH FULVWDOOLVpH )LJ E RQ FRQV
IUDNLRQ EHDXFRXS SOXV LPSRUWDQWH TXHDGHW VT XH pBKD(
FULVWDX[ GH &S[ HW GH 30 VRQW HQ FRXUV GH UpVRUSWLF
SDUWLHV FRQFDYHV JROIHV GH GLVVROXWLRQ OHV 30
OfpFKDQWLOORQ '(& ,1,7 /RFDOHPHQW OHV UHODWLRQV HC
FRURQLWLTXH DYHF GHV IRUPHV TXL VIHPERVWHQW HW XQI
GX 30 FHV PLFURWH[WXUHV VHPEOH QW OWPRIRA @ HYp GHXQH
HQ SDUWLEFXOLHU OH &S[ PRQWUHQW GHV JRQDWLRQV WUQq

$SUQV  PLQXWHV | *3D f& )LJ RQ UHWURXYH HQF
30PDLV OD IUDFWLRQ FULVWDOOLQH D IRUWHPHQW GLPLQ)
OM\VWqPH DSSURFKH XQ pWDW GIpTXLOLEUH WH[WXUDO | F
i WQGDQFH DXWRPRUSKH /fREVHUYDWLRQ UDSSURFKpH F
UpDFWLRQQHOOHY OH ORQJ GIHV—PRQWDGROX ISR GG YDWILH
SODJLRFODVH DX FHQWUH GH OD )LJ E SRXUUDLW GYDLOC
' 2Q DVVLVWH SUREDEOHPHQW GDQV OfpFKDQWLOORQ '(&
SDUWLH EDVDOH GH OfDJUpJDW j &S[ 30 TXL VIHVW GpYHOF
OfDJUpJDW VH FDUDFWpPULVDQW SDU XQH WH[WXUH JURVVL
VRQ pORLIJQHPHQW GX UpVHUYRLU SULQFLSDO GH OLTXLGH
DX[ SURFHVVXV GH GLVVROXWLRQ HW GH UHPLVH j OfpTXLO
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JLIXUH B BXH G HQVHPEOH DX 0(% GH OfpFKDQWLOORQ '(&
VROWO QRKUS[ JULV IRQFp HWbh OBKRAMRIWDSKILWH DX 0(% GH
FULVWDOOLVpH GH OfpFKDQWLOORQ '(& K OH F°XU GX &S]

JLIXUH @ BXH G HQVHPEOH DX 0(% GH OYpBKBRRWPLOXR QD' (&
JRQH HQULFKLH HQ FULVWDX[ /HV SKDD®BKV HQ\SURQHDFHW R

JULV FODLU /IHV &S[ HW 30 SHXYHQW GpSDVVHU —P FF
$SUqV  KHXUHV HW KHXUHYV | *3D f& OH SODJLRFOD\
XOH SHWLWH TXDQWLWp GH &S[ )LJ 2Q REVHUYH XQH W

GHX[ GXUpHV $SUqV KHXUHV OHV &S[ VRQW SHWLWV GL)
)L D $SUqV  KHXUHV OHV &S[ VH VRQW FRQFHQWUpV DX
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FRXFKH FRQWLQXH GH JUDQGW FWP/WDX[ MRLQBXIFHGWIBV V
GX YHUUH RQ REVHUYH DXWPL)KD &S[ SPDMAWGHPHQW DXW
PRQWUDQW XQH JRQDWLRQ ,0 \ D XQ GpVDFFRUG HQWUH Of

OfH[SPULHQFH j OfpTXLOLEUH (48, GDQV ODTXHOOH OH
WUDKLW XQ SHWLW GpFDODJH HQ SUHVVLRQ HW RR HQ W
DVVHPEODJHYV RX HQ DVVHPEODJHYV

)LIXUH DE 9XHV G HQVHPEOH DX 0(& BWYV (&F KDKHYLOOR Q"
SKDVHV HQ S W& S[QRW IOMRGWWH JULV FODLU /IHV ® SDWWH
VRQW GHV GpIDXWV GH PpWDOOLVDWLRAQ

JLIXUHOLFURSKRWRJUDSKLH DX 0(% GX &S[ JpDQW DX FHQWU
RNLVWDO VHPEOH PRQWUHU XQH JRQDWLRQ HQ VDEOLHU /H
DX[ SRLQWYV GRQW OD FRPSRVLWLRQ D pWp TXDQWLILpH
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3.5.4 Composition des phases

=RQDWLRQ

&H SDUDJUDSKH VH FRQFHQWUH VXU OD JRQDWLRQ F°XU ER
DX 0(% OH F°XU GX FULVWDO DSSDUDVW SOXV VRPEUH TXH

3RXU OHV H[SpULHQFHV GH GpFRPSUHVVLRQ DYHF XQ SDOLLE
SOXMFKHVY HQ $O0 HW &D TXH OHV ERUGXUHV HW SOXV SDXY
GHV 30 VRQW SOXV FDOFLTXHV TXH OHXUV ERUGXUHV FHOC(
OHV FULVWDX[ VRQW ]JRQpV OD JRQDWLRQ HVW WRXMRXUV

*OREDOHPHQW OH F°XU GHV &S[ HVW SOXV ULFKH HQ 0J HW
$01D HW )H /HV pYROXWLRQV RSSRVpHV REVHUYDEOHV GDQ'
SDU XQH FULVWDOOLVDWLRQ HQ GpVpTXLOLEUH pWDQW GR
*3D DSUQV XQH GpFRPSUHVVLRQ LVRWKHUPH GH |
OfpTXLOLEUH HVW SUREDEOHPHQW DWWHLQW OH &S[ HVV
EUR\DJH /H &S[ FHQWUDO GH '(& K HVW JRQp OD ]JRQH S
0J HW SOXV SDXYUH HQ 7L $0O HW &D TXH OD ]JRQH FODLU
FKDQJHPHQW GDQV OD FODVVLILFDWLRQ GX &S[ VRPEUH |
SDVVH G RV j :R (Q )V

'DQV OD VpULH (& LO VHPEOH TXH OH YHUUH QH VRLW TXH
HILVWDQWYV | f& HW *3D (Q HIIHW OD )LJXUH PRQWUI
pOpPHQWY PDMHXUV GX YHUUH VRQW TXDVL FRQVWDQWHYV
DYHF XQH WHQHXU HQ 6L HW 0J XQ SHX SOXV IDLEOH PDLV

> [ $0 2
o [ — — = — )H2
D—:' [ —— 38 D?2
N [ — == 0J2
I — — —— 1D 2
[ 7L2
L ( ~ .
L =—=0Q2
N e T O
(& K (& PLQ '(& K (& K
JLIXUH &RPSRVLWLRQ HQ pOpPHQWYV PDMHXUV GX Y

GpFEPHVVLRQ /HV FRQFIQAWDDMHRQN SHHHWVTLXH SDV HW QH
6HXOH '(& PLQ VHPEOH OpJqUHPHQW GLIIpUHQWH GHV DX\
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'(& K YV (48,

ID FRPSRVLWLRQ GX YHUUH GH '(& K HVW SURFKH GH FHO
H@L SGV HQ $0O HW HQ &D HW SOXV SDXY

/IHV FRQFHQWUDWLRQV HQ 1DDHW 0J VRQW VLPLODLUHYV 7
/IH &S[ FHQWUDO GH '(& K SUpVHQWH XQH FRPSRVLWLRQ F

GH (48, ODREOHO HVW SOXV ULFKH HQ 6L HQ $O
PDLV SOXV SDXYUH HQ )H HW HQ 0J (QILQ
&SGH '(& K GDQV OD )LJ E RQ REVHUYH TXH OHV SRLQ
DYHF FHX[ GY(48, HW SHUPHW GYpWDEOLU TXH OfpTXL

PRLQV GH K HW FRQILUPH SDU OD PrPH RFFDVLRQ TXH
VLPLODLUHV DX[ &S[ QDWXUHOV GH OfpUXSWLRQ GY+ROXKUI
)LJ
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7TDEDOH &RPSRVLWLRQ HQ pOpPHQWY PDMHXUV GHV F°XUV HW ERUGXUHV GH &S[ HW 30 C
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)LIXUH (YROXWLRQ F°XU ERUGXUH GH OD FRPSRVLWLRQ HQ pOpPHQWY PDMHXUV GH'
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3.6Confrontation expérimentation-thermobarométrie

/IHV UpVXOWDWY GH WKHUPREDURPpWU KXIiWJgypN B QIME & XIGDVDY/U
FHWWH WKgqVH FDU LOV SHUPHWWHQW GH YDOLGHU SRXU O
WKHUPRPMWMNHRPqQWUHY XWLOLVpV GDQV OHV FKDSLWUHV SU
FRPSDUHU OHV SUHVVLRQV HW OHV WHPSpUDWXUHYV FDOFXOpl
OHV pFKDQWLOORQV j OYfpTXLOLEUH DYHF OHV SUHVVLRQV
FRQQXHV DYHF SUpFLVLRQ 'H SOXV OHV FRXSOHV &S[ OLT
GpFRPSUHVVLRQ YRQW QRXV SHUPHWWRWD®&R FRW U HAR FPHRRAP S
GDQV OHV V\VWgPHV KRUV pTXLOLEUH

3.6.1 'HJUpgaodlhre thermodynamigue dans les échantillons expérnmentaux

'DQV XQ V\VWgPH IHUPp j SUHVVLRQ HW WHPSpUDWXUH FRQ
DWWHLQW ORUVTXH O pQHUJLH OLEUH HQWKDOSLH OLEUH G
FDOFXO RQ QpJOLJH OHV pQHUJLHV LQWHUIDFLDOHYV WHQVLRK
SRXU GplLQLU XQ pWDW GfIpTXLOLEUH WH[WXUDO XQ pwDW
LOWHUIDFLDOH SDU XQLWp GH YROXPH &HSHQGDQW OH IDL
TXYLO \ DLW pTXLOLEUH FKLPLTXH FDV G{XQ FULVWDO ]RQp
VLIQLILH SDV TXYLO \ DLW pTXLOLEUH WH[WXUDO FHOD SHX

/HV H[SPULHQFHV GYpTXLOLEUH | HW *3D RQW XQH GXUpH

i f& /D ERQQH FRKpPUHQFH GHV UpVXOWDWYV H[SpULP
PRDQWLOORQV RQW DWOHAXDOLEXDH pWRMUBREFXMHP GHXH 'H S
'(& HW '(& RQ FRQVWDWH TXH OH V\VWgPH UpSRQG WUQV UI
HW GH WHPSpUDWXUH OD SDUDJHQQVH ILQDOH HVW UpDOLV
2Q REVHUYH DXVVL XQH WUqV IRUWH pYROXWLRQ WH[WXUDOH
FH TXL PRQWUH TXH OHV SURFHVVXV GH GLVVROXWLRQ SUpFL
DUJXPHQWY SHUPHW GH FRQVLGpPUHU TXH OHV H[SPULHQFHV
SRXWHVWHU OD ILDELOLWp GH OD WKHUPREDURPpWULH &S[ Ol
LVODQGDLV j PR\HQQH SUHVVLRQ

2Q SHXW DQWLFLSHU SOXVLHXUV GLIILEFXOWpV GDQV OfDSSO
PFKDQWLOORQV H[SpPULPHQWD X]

+RPRJpQpLWpP GHV SKDVHV H[SpULPHQWDOHYV

'DQV GHV H[SPULHQFHYV 36 MFROIMWLE RWHW RXQ\BHXW FRQVLGpUI
GX OLTXLGH VHUD KRPRJgQH j OJLQWpPULHXU GH OfpEKDQWL
PRQWQW TXH FH QYHVW SDV OH FDV GX &S[ HW GX 30 TXL VI
FKDUJHV H[SPULPHQWDOHV &HV JRQDWLRQV LQWHUQHV VRQV
OHV PLQPUDX[ VRQW WUQV LQIpULHXUHV DX[ YLWHVVHV GH GL
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%UDG\ HW &KHUQLDN =KDQJ HW DO ITKpWpPURJIpQp|
SUREOQPH UpFXUUHQW HQ SpWURORJLH H[SpULPHQWDOH Of
YLD GHV SURFHVVXV GH GLIIXVLRQ j OfpWDW VROLGH LPSOLT!
DYHF GHV YLWHVVHV GH GLIIXVRR QLWKR PR DILEG ©OHWVD WALARRP HW @)
SKDVHV FULVWDOOLQHV MXVWLILH OH EUR\DJH WUQV ILQ G}
ORUVTXH OfRQ XWLOLVH GHV URFERVYWRX HBW \D ©LQp UD [r PGID
JUDQXORPpWULH LQLWLDOH PLFURPPWULTXH OH WHPSV GH
GLIIXVLRQ HVOM WYRV R IG X PRLVY SRXU XQ FOLQRS\UR[qQH G
XQH YLWHVVH GH GLIIXVLR®38GH[ O%RDGY HH\B H:KHUQLD N &
'LPDQRY FH TXL H[SOLTXH OD SUpVHUYDWLRQ GH F°XU
GTH[SPULHQFH (Q FRQVLGPUDQW TXH FHV F°XUV VRQW HQ SL
UDSSRUW DX UHVWH GH OD FKDUJH LOV QYfRQW TXH SHX GYH
SKDVHV &RQVLGPURQV XQ FULVWDO VSKpULTXH HW X®\RXU -
GH UD\RQ —P VRLW XQ GROXPOIXEHH GX—F*XU QH UHSUpPpVHQW
GX FULWMWBH TXL FRQFHUQH OHV DSSOLE®WWRRWLPRFGULPROE DRI
OHV F°XUV GH JUDLQV SRXU VYDIIUDQFKLU GX SUREOqPH GH
OD VHFWLRQ VXLYDQWH OD GLVFXVVLRQ VIDSSXLH VXU GH\
ERUGXUHV GHV FULVWDX[ RQW pWp SULVHV HQ FRPSWH

'DQV OH FDV GYXQH KpWpURJIpQpLWp FKLPLTXH OfH[HPSOH C
PWXGLp HQ GpMAILOV YHVN JRQHV VRPEUHV UBWRXUtBDQWWH Q
XQH f& DORUV TXH OHV JRQHV 3FODLUHSDRIQM XQ@H HJILVWL
f& FHV YDOHXUV VRQW pJDOHV DX[ HUUHXUV SUQV GX JpRED!

/IHV &S[ ]JRQpV SUpVHQWHQW GHV YDULDWLRQV FKLPLTXHV IDL
H@ODoDQW OHV FRPSRVLWLRQV GHV F°XUV HW GHV ERUGXUH
GHV FOLQRSRUR )&vQHWVJ OHV DQDO\WHV GHV F°XUV HW GHV
FKHK5 GHV SURGXLWV GpFULW SDU *HLJHU HW DO VRXOLJ
VRLODLUHYV j FHOOHV GHV pFKDQWLOORQV QDWXUHOV

ORGLILFDWLRQ GX OLTXLGH DX FRXUV GH OD WUHPSH

/IHV YLWHVVHV GH WUHPSH HQ SLVWRQ F\OLQGUH VRQW UlI
VXIILVDPPHQW SRXU ILJHU OHV V\VWgPHV EDVDOWLTXHV GDC(
3HQGDQW OHV TXHOTXHV VHFRQGHV TXL VpSDUHQW OfDUUTr)\
WHPSpUDWXUH GH WUDQVLWLRQ YLWUHXVH GX OLTXLGH VLOL
SHXYHQW FURVWUH DX[ GpSHQV GX OLTXLGH 'HV ILJXUHV GH
WUHPSH VRQW ELHQ YLVLEOHV GDQV OH YHUUH LOQWHUVWLWL
VXURLVVDQFH QFBXW &SDV pWp DQDO\WpHV SRXU QH SDV |
WHUPREDURPpWULTXHYV 8QH FRQVpTXHQFH PRLQV YLVLEOH G
GYH[SPULHQFH HVW TXH OH OLTXLGH j SUR[LPLWp GHV FULVYV
FRXUV GH OD WUHPSH DSSDXYULVVHPHQW GHV pOpPHQWYV
FULVWDX[ GH WUHPSH HQULFKLVVHPHQW GHV pOpPHQWV LQF
ELHQ GpFULWV GDQV OD OLWWpUDWXUH VXU OHV H[SpULHQ
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7TDNDKDVKL HW .%VDWHIR HW 6WROSHU &RPPH OHV OLTXLG
XQH pSDLVVHXRP GKMWRKU GHV FULVWDX[ LO HVW LPSRUWDQW
FRQWDFW GLUHFW GHV JUDLQV GH &S]

OLJUDWLRQ WKHUPLTXH HW JRQDWLRQ LQWHUQH GHV pF

,O0 HVW SRVVLEOH GTREVHUYHU &RBR QBN IQRP ELQVXNBIQH HESH ¢
DYHF XQH VpJUpJDWLRQ SOXV RX PRLQV FRPSOqQWH HQWUH O
OHV FULVWDX[ QH VRQW SDV GLVWULEXpV GH PDQLQUH XQl
FRQFHQWUHQW VRXV IRUPH GYXQ DJUpJDW FRPSDFW GH JUDLC
OH FDV GH OD FRXFKH GH &S[ GDQV OfpFKDQWLOORQ (48,
GHS§& 30 GDQV OYpFKDQWLOORQ2@48HQVH HJQJSUHPLHU OLHX
GTRULJLQH FXPXODWLYH OLpH j OD GpFDQWDWLRQ GH FULVW
GDQV OHV H[SPULHQFHV HQ SLVWRQ F\OLQGUH FHWWH
© FXPXODWV @ VRQW DX VRPPHW GH OD FDSVXOH 'H SOXV Of
GRQQHU QDLVVDQFH j XQH WH[WXUH GH W\SH RUWKRFEXPXOD
IUDFWLRQ GH OLTXLGH LQWHUVWLWLHO %DUG

/HV DJUpJDWV FRPSDFWV GH &S[ RX &S[ 30 UpVXOWHQW HQ |
JHVKHU HW :DONHU ':DONHU HW DO 6L XQH VXVSHC
JUDLHQW GH WHPSpUDWXUH HOOH YD VXELU XQ WUDQVIHUW C
GHV FULVWDX[ VLWXpV GX F{Wp FKDXG OH WUDQVSRUW GHYV
OD SKDVH OLTXLGH SXLV OHXU SUpFLSLWDWLRQ HQ ERUGXU!
WRXWHV OHV H[SPULHQFHV GH IXVLRQ SDUWLHOOH GH /DPED
SUpVHQWHQW XQH ]JRQDWLRQ LQWHUQH DYHF FRQFHQWUDWLR
OHV H[SPULHQFHV j KDXWH WHPSpUDWXUH OD PLJUDWLRQ W
FULVWDX[ SUDWLTXHPHQW GpSRXUYXV GH OLTXLGH LQWHUYV
JUDGLHQWY GH WHPSpPpUDWXUH GH VHXOHPHQW f& PP OrPH
JROQDWLRQ LQWHUQH WUQV PDUTXpH GHV pFKDQWLOORQYV

WKHUPREDURPpWULTXHYV FDU OD YDULDWLRQ GH \Wé& RSpQWD W X
OHV DVVHPEODJHYV SDU UDSSRUW DX[ LQFHUWLWXGHV GH

,O IDXW QRWHU TXH OHV DVVHPEODJHV VRQW PRQWpV GDQV C
HW GX /09 )LJ 3DU FRQVpTXHQW OH SRLQW FKDXG HV
KDXW GH OD FDSVXOH HQ 3& 'DQV OHV H[SpULHQFHV IDLV
)LJ OHV IRUFHV JUDYLWDLUHV HW OH JUDGLHQW jWKHUPL®
OFBXPXODWLRQ GHV FULVWDX[ GDQV OD SDUWLH LQIpULHXUH
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3.6.2 Résultats

&DV GHV H[SPULHQFHV j OfpTXLOLEUH

3XAWND D SURSRVp XQ HQVHPEOH G{pTXDWLRQV SRXU F
SDUWLU GHV FRPSRVLWLRQV GX FOLQRS\UR[gQH HW GX OLTXL
GHXYVWLPDWLRQV GH OD SUHVVERD PRHF XTPpH XDWWIEHRXQ GHHW (
SRXOYpTXDWLRQ IMpTXDWLRQ HVW SUpYXH SRXU OHV PDJ
HW XWLOLVDEOH SRXU OHV PDJPDV K\GUDWpV 6WULFWHPHQW
] QRWUH V\VWqgPH SDUFH TXH OHV H[SpULHQFHVY VRQ@W SUDWL
IV pTXDWLRQV HW GH 3XWLUND GRQQHQW GHX[ HV
HUUHXU GH * f& /D WHPSpUDWXUH HVWLPpH DYHF OfpTXDW
HW VDWXUp HQ FOLQRS\UR[qQH /H OLTXLGH pWDQW VDWXUp
HW GRLYHQW UHWRXUQHU GHV&YGBHUXRXV S BFOHBS \OHEOKV C
SUHVVLRQV FDOFXOpHV DYHF OHV OHNVXDIWHIEFS@QVW D W KWHYV HD/D F X
PTXDWLRQV HW

/IHWTXDWLRQV HW RQW pW mIDBB\OUT XY HE/D Q X [ CHRWX §10F
GIPpTXLOLEUH | HW *3D HQ QIXWLOLVDQW TXH OHV DQDO
GHV FULVWDX[ /HV UpVXOWDWYV REWHGQRVSORPWG ISV pSAHOWLR
WASpUDWXUHY FDOFXOpHV RQ GRQQH OHV GLIIpPUHQFHV HQ\
SUHVVLRQ HW GH WHPS p8 HWX UHH \HJ 8 F WLLPHHPW R @H V, G pDOHPHQ
FHV GLIIpUHQFHYV VRLHQW LQIpBKDXXHW RN PIRRHXUN B X VERFAL
DX[TXHOOHV V{DMRXWHQW OHV TXHOTXHV GHJUpV HW EDUV
H[SPULPHQWDOHYV

(Q QH FRQVLGpPUDQW TXH OfpTXDWLRQ OHV VHSW FKDUJHV
FRXSOHV &S[ OLT TXL UHWRXUQHQW GHV YDOHXUV WUqV SUR
XWLOLVDQW OfpTRM WKRQJHV GHYNVEBWHQW GHV UpVXOWDWYV ¢
TXHWFLQT DXWUHV RQW GHV UpVXOWDWYV H[DFWV /HV pTXDW
SRXU VL[ HQ YHUW GHV QHXI FKDUJHV FH TXL FRQIRUWH OI
HW RQW XQH WHPSpUDWXUH FDOFXOpH j SH
QRPLQDOH HQ DGPHWWDQW TXH FHWWH WHPSpUDWXUH QRP
pJDOHPHQW TXH OHV FKDUJHV PRQWUDQW OHV SOXV JUDQGHF
FDOFXOpH VRQW FHOOHV TXL RQW OH SOXV JUDQG pFDUW HC
HW VRQW WUQV FULVWDOOLVpHV | SOXV GH |
GLPNLRQV LO QYHVW GRQF SDV VXUSUHQDQW GYIREWHQLU G
YDOHXUV DWWHQGXHV /D FKDUJH HVW OH UpVXOWDW
H[SOLTXH OHYV 3GHWDIOD JFHD BIIHV | HW GRQQHOQ\
HVWLPDWLRQV

IMTpWXGH GHV ELODQV GH PDVVHV SUpVHQWpV GDQV OH 7DEOF
3RXU FHOD LO VXIILW GYfH[WUDSROHU GH PDQLqUH OLQpDLUH
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)LIXUH JUDFWLRQ GH OLTXLGH HQ IRQFWLRQ GH OD WHPSy
HORQFWLRMQ (QHEOBI X OD UpJUHVVLRQ OLQpDLUH FRQFHUQH W
XQXHRW FHOOHV UpDOLVpHV VXU OHV 3& /ID UpJUHVVLR(
WHPSpUDWXUH GX OLTXLGXV DLQVL FDOFXOpH HVW GH f&

(Q XWLOLVDQW OfpTXDWLRQ GH OD UpJUHVVLRQ OLQpDLUH SL
DX[ 3& 6 LO QRXV HVW SRVVLEOH GH FDOFXOHU OD WHPS]

f&2U QRV GRQQpHV SUPpVHQWHQW HQFRUH a GH FOLQRS\U
QpFHVVLWp GH UpDOLVHU OfH[SPULHQFH (48,

$SSOLFDWLRQ DX[ H[SpULHQFHV KRUV pTXLOLEUH

'X SRLQW GH YXH PpWKRGRORJLTXH OHV H[SpPULHQFHV GH C
GITpWXGLHU FRPPHQW VH FRPSRUWHQW OHV WKHUPREDURPgW
&S[ OLTXLGH KRUV pTXLOLEUH 3DUPL OHV FLQT H[SpULHQFH®
WURLV VRQW QHWWHPHQW KRUV pTXLOLEUH OYH[SPULHQFH

UpVRUSWLRQ )LJ E HW OHV H[SpPULHQFHV '(& K HW F
FODFWpPULVWLTXHV GTXQH WpDETWIREH GRRQIXWMRE |1&IPHV3IDX PRI
)LJ 'DQV OHV GHX[ DXWUHV pFKDQWLOORQV GH OD Vp!

SODRFODVH D FRPSOqQWHPHQW GLVSDUX HW LO HVW SRVVLE
OfpTXLOLEUH HQ SDUWLFXOLHU GDQV OYH[SpPULHQFH WUHPS|

(Q FH TXL FRQFHUQH OD WHPSpUDWXUH OHV YDOHXUV FDOF:
YBAUV H[SpULPHQWDOHV SRXU OHV GHX[ H[SpULHQFHV WUHI
GpFRPSUHVVLRQ)LIDEGHDXRXU OHV WURLV DXWUHV H[SpULHQI
VROWQFRUH VXSpULHXUHV DX[ WHPSpUDWXUHV H[SpULPHQW
IDLEOH LQIpULHXU |j f& GRQF GDQV OD PDUJH GTHUUHXU GH
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(Q XWLOLVDQW XQ YHUUH PR\HQ SRXU OBX FDMRXOYVWEWDMR
VLPLODLUHV DX[ SUPFpGHQWY j OTH[FHSWLRQ GH '(& K TXL
suqVv

*OREDOHPHQW RQ UHWURXYH OD PrPH ORJLTXH SRXU OHV
VXSpULHXUHVY DX[ SUHVVLRQV H[SpPpULPHQWDOHV DYHF GHYV
H[SpULHQFHVY WUHPSpHV LPPpGLDWHPHQW j OD ILQ GH OD Gp
GDQV OHV WURLV DXWUHV H[SpULHQFHV 'DQV OHV H[SpULHQI

HVW HQ PR\HQQH GTHQYLURQ *3D FYfHVW j GLUH TXH OD S
SDWDSSRUW j OD SUHVVLRQ YUDLH *3D /IXWLOLVDWLRQ
S R X(& K OHV FDOFXOV VXUHVWLPHQW GH *3D OD SUHVVL

/D TXDOLWp GHV DQDO\WHV GHV FULVWDX[ HW GHV SHWUHV Q
7WURS pOHYpHV SRXU OHV H[SPULHQFHV j GpFRPSUHVVLRQ E

7 D BDOH &RPSDUDLVRQ GHV SUHVVLRQV HW WHPSpUDWXUHYV
OUTXH pTXDWLRQV HW GH 3XWLUND DYHF OHV
H[SpULHQFHYV j OfpTXLOLEUH RX HQ IB}yRARPGW HOHAL RSQ H VHAL RFQW
DYHF OHV pTXDWLRQV 7 HW VR @M \OKND WBWDHEDWHNM QY FDOFXOpH

HW 3. HWVRQW OHV YDOHXUV GH SUHVVLRQ HW WHPSpUDWX
FDOFXOV HIIHFWXpV DYHF XQH FRPSRVLWLRQ GH YHUUH PR\F
WHPSpURBDXUHW f& NEDU *3D /IHV FDOFXOV VXU OD F
DILQ GH VRXOLJQHU TXH FHWWH H[SpULHQFH D pWp UpDOLVpF
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1% (48, HVW JULVpH FDU HOOH D pWp HIIHF® KMH GIHX 3 &
7SDU UDSSRUW DX[ DXWUHV H[SpULHQFBINWSR XWV(4HVXOWDWV
QWRQW SDV SUpVHQWpPV FDU LOV VRQW WUQqV \&S8]SALHFQDRW V
GRQQHQW GHV YDOH XU W WHIN VRHMD ETXHY OBRIQ XWLOLVH XQ

FRPSRVLWLRQV GHV YHUUHV j SUR[LPLWp GHV FULVWDX[ GH F
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JLIXUH D E &RPSDMDEHIREU HPGMYWD OHY HW FDOFXOpHV DYHI
OLT HW E WKHUPRPgQWUHV GH 3XWLUND /HV QRWDWLR
SUpFpGHQWH 'H SDUW HW GYDXWUH GH OD OLJQH VH WU
WKHUPRPgQWUH RX EDURPqWUH XWLOLVp

/D ILIXUH SHUPHW GH YLYVKXW G pWL POIQRWDOWVHEWUFHD OF X O
JOREDOHPHQW UDLVRQQDEOH |j OfJH[FHSWLRQ GHV EKDUJHV
OfH[FHSWLRQ GH OD FKDUJH '(& K LO Qf\ D SDV GH GLIIpUHQ
&S[ HW OLTXLGH SURFKH RX ORLQWDLQ
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%LODQ

*OREDOHPHQW TXH OTRQ XWLOLVH OH YHUUH PR\HQ RX O
WKHUPREDURPpWULTXHV GRQQHQW OHV PrPHV YDOHXUV HW \
OLTXLGH SRXU REWHQLU XQH ERQQH DQDO\WH 3RXU OHV H]J
V\VWpPDWLTXHPHQW GHV YDOHXUV LQIpULHXUHY DX[ FRQGLYV
OHV H[SpPpULHQFHV GH GpFRPSUHVVLRQ PDLV FHOD UHVWH GLC

I MTXWLOLVDWLRQ GHV SDLUHV &S[ OLT WUqgV SURFKHV 0O1XQ C
ORUVTXH OH GpVpTXLOLEUH HVW IODJUDQW '(& K RX '"(& K
SRXU '"(& K OHV FDOFXOV VRQW pWRQQDPPHQW FRUUHFWYV

OHXYDOHXUV FDOFXOpHV UHGHYLHQQHQW UDLVRQQDEOHYV
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3.7Implications volcanologiques-Perspectives

3.7.1 Signification de 1Y R O LdahsQdd magmas du Bardarbunga a Holuhraun

/fROLYLQH QYD pWp REVHUYpH GDQV DXFXQH GHV H[SpULHQF
FULVWDX[ GIfROLYLQH RQW pWp GpFULWYHGDQVWGHPY \F RPESIR D M
GH *UtPVY|WQ HW %iUGDUEXQJD H[ 6LJPDUVVRQ HW DO
/fBEVHQFH GYROLYLQH GDQV OH EDVDOWH )/ VIH[SOLTXH SDU
XQ UDSSRUW PRODLIO® O] 0J )AL OfROLYLQH GHYDBEW FULVWD
*3D FH YHUBDDMWLYHPHQW EDVVH WHPSpUDWXUH HQ GHVVRX
VI\VWgPH DYHF XQ GHJUp GH FULVWDOOLVDWLRQ GpMj WuqV
LQWHUVWLWLHOV GDQV QRV H[SpPULHQFHV j EDVVH WHPSpUD
FRQWDFW DYHF OHV FULVWDX[ GDQV OHV DJUpJDWV OHV PR
OLTXLGH GH OD OLWWPpUDWXUH S H[ 7RSOLV SHUPHWW
DYRIXQH WHQHXU PD[LPDOH HQ FRPSRVDQW IRUVWpULWH GH
VL FHWWH WHPSpUDWXUH UqJQH j *3D /D SUHPLqQUH HVWLPD
FRUUHVSRQG j OTHVWLPDWLRQ OD SOXV IDLEOH GHV ERUGXU
FH TXL LPSOLTXHUDLW TXH FHV ROLYLQHV VRLHQW EHO HW E|
VH VRLHQW pTXLOLEUpHV DYHEFOIONWOLTRWGEH DX B QM REDLpYULEH
SUpFRFHPHQW DYDQW OH &S[ VL OD FBLW/WDTBM®LV PMWINR BW B

/IHV ROLYLQHV GpFULWHYV j *UtPVY|WQ HW j %iUeDUEXQJD RQW
IDLEOHV IUDFWLRQV FULVWDOOLQHVY HW HOOHV )RQW GHV FR
SRXU * &KDSLWRIHWQIGHAFADQ HW DO SRXU OTpUXSWLRQ

HQFRUHRBRXU OHV F°XUV GHV FULVWDX[ GDQV OHV ODYHV G
TXL HVW HQ IRUWH FRQWUDGLFWLRQ DYHF QRV UpVXOWDW
HIWUrPHPHQW VXUSUHQDQW FDU GHV pWXGHV SRXVVpHV VXU
*UtPVY|IWQ RQW PRQWUp TXH OHV TXHOTXHV FULVWDX[ GYROL®
GH PDJPDV SOXV DQFLHQV %LQGHPDQ HW DO /IHV PDJPELC
PDBDWLTXHV GH *UtPVY|WQ HW %DUGDUEX@UHVRROLWLQRS &
VWH SUpFRFH GH OHXU VpTXHQFH GH FULVWDOOLVDWLRQ

/D SRMELOLWpP TXH OHV ROLYLQHV QH VRLHQW SDV FRJpQpWLT
TXYLO IDXW rWUH YLJLODQW GDQV OJLQWHUSUpWDWLRQ GH
LQFOXVLRQV QYDSSRUWH GILQIRUPDWLRQV TXH VXU OH PDJP
PDJPD TXL OHV FRQWLHQW ,0 IDXW DXVVL rWUH WUqV YLJL
WKHUPR®D UR®PIGYLQH SODJLRFODVH FOLQRS\UR[4HQH RQILKLGHYV
GpFULWHV j HWIPNYPWQEXQJIJD QH SHXYHQW SDV rWUH VWDEO}
PDJPD D pWp UppTXLOLEUP3IPEDVVH SUHVVLRQ
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3.7.2 Application de la thermobarométrie Cpx-liguide au volcanisme islandais

/IRUVTXH OHV EDURPgQWUHV GH 3XWLUND VRQW DSSOLTXp\
FDOFXOpHV VRQW WUqV SURFKHVY GHV SUHBXLROQXVN[S EWHRH QQ
*3D TXT] *3D &H UpVXOWDW YDOLGH D SRVWHUMWRKY OfXWL
GHXWLUND SRXU OYfHVWLPDWLRQ GHV SUHVVLRQV PDJPDWLT
UpVXOWDW IRUW GH OYfpWXGH H[SpULPHQWDOH HVW TXH VL (
OLTXLGH KRUV pTXLOLEUH OHV SUHVVLRQV HVWLPpHV VRQW
FRXUV GH UpVRUSWLRQ VXLWH j XQH GpFRPSUHVVLRQ UDSL

VXUHVWLPpHVY GH SOXV GH SDU UDSSRUW j OD SUHVVLR
'(& K FHFL QfpWDQW SOXV OH FDV ORUVTXH OfRQ XWLOLVH
GpPDUFKH XWLOLVpH SDU *DXWKLHU HW DO HW +DGGDG
PUXSWLIV GHV pUXSWLRQV GH +ROXKUDXQ HW GH

OYREVHUYDWLRQ WH[WXUDOH GpWDLOOpH GHV pFKDQWLOORC
OLTXLGH HW OYDQDO\VH GX YHUUH PDWULFLHO HW GHV &S] (
FRQGLWLRQV QpFHVVDLUHV SRXU REWHQLU GHV HVWLPDWLF
WH[WXUDX[ QfRQW SDV pWp SULV HQ FRPSWH GDQV OHV p
LVODQGDLVHYV 6DNVXQDUYDWQ PpUXSWLRQV H[SORVLYHV GH
GH 1HDYH HW DO .DWOD %XGG HW DO HBY +ROXK
TXHVWLRQ GH OD UHSUpVBOWBWHRQXWN SBY HNVW DPONHMRUQYV V H

3.7.3 Vitesse de dissolution des Cpx et migration latérale de magma a Holuhraun

(2014-15)

ITpUXSWLRQ GX VIVWgPH YROFDQLTXH GX %iUGDUEXQJD
LQWHUSUpWDWLRQV FRQFHUQDQW OYDOLPHQWDWLRQ HQ PDJ
FKDPS GH ODYH HVW VLWXp j SuqV GH NP GX YROFDQ FH
DSSURFKHV JpRSK\WLTXHV RQW DLQVL FRQFOX j XQ WUDQVS
FHQWUDO YHUV +ROXKUDXQ j XQH SURIRQGHXU GYHQYLURQ

VPpLVPHV DWWULEXpV j OD SURSDJDWLRQ GfXQ G\NH 6LJPXQC
PLQLPDOH GH SURSDJDWLRQ GX G\NH HVW GH PV /HV WU
OfpWXGH GHV GpVpTXLOLEUHV UDGLRDFWLIV GDQV OHV JD]

PD[LPDOH j OD YLWHVVH GH WUDQVIHUW HQWUH OH YROFDQ

GHX[ YLWHVVHV SHUPHWWHQW GH FDOFXOHU XQH GXUpH FRF
MRXUV SRXU SDUFRXULU OD GLVWDQFH GH NP

'IXQ SRLQW GH YXHPWMYRORDTDESREWDQWH VH SRVH XQ ¢
SHXW LO VXSSRUWHU XQ WUDQVIHUW ODWpPUDO VXSHUILFLHO
H[SPLHQFHV GH GpFRPSUHVVLRQ GH OD VpULH '(& LQGLTXHQW
QH GLPLQXH SDV SHQGDQW OH WUDQVSRUW RX VL HOOH GLPL
OD WHPSpUDWXUH EDLVVH pJDOHPHQW GH PDQLQUH VLJQLILFEC
VXUYLYUH SHQGDQW GHV KHXUHV RX GHV MRXUV FRPPH OH
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FDV OH V\WWgPH YD VXELU GHV WUDQVIRUPDWLRQV LPSRUW
WpPRLQV GH FHV WUDQVIRUPDWLRQV GDQV OHV SURGXLWYV
FDUDFWpULVDWLRQ GHYUDLW SHUPHWWUH HQ HIIHW GYDSSRL
GHV SURFHVVXV HQ MHX HW VXU OffpYROXWLRQ GH OD WHPSp

3.7.4 Perspectives expérimentales

&H SURMHW H[SpULPHQWDO DXVVL ELHQ SDU VRQ YROHW j O
D DSSRUWp GHV LQIRUPDWLRQV WUqV LQWpUHVVDQWHYV TXL
OfpWXGH SpWURORJLTXH GHV pFKDQWLOORQV QDWXUHOV [/t
SRVHU GHV TXHVWLRQV VXU OYLPSRUWDQFH GHV WUDQVIRUP
DVFHQVLRQ 'HV H[SpPpULHQFHV VXSSOpPHQWDLUHY YRQW GHY

'"HV H[SPULHQFHV j OfpTXLOLEUH VXUWRXW | *3D SRXU
FBI®O OHV WHPSpUDWXUHV GIDSSDULWLRQ GX &S[ HW GX
EDVVH WHPSpUDWXUH | f& SDU H[HPSOH

'"HV H[SPULHQFHV SRXU FRPSOpWHU OHV VpULHV GH GpFF
'(& XQH H[SPULHQFH DYHF XQ SDOLHU GH FRXUWH GXUp
SR¥PWHX[ HVWLPHU OD GXUpH GH YLSRXAX QG5 [Vip EDW VH. SU
H[SPULHQFH SRXU FDUDFWpULVHU OfpWDW GYpTXLOLEUH

PYHQWXHOOHPHQW TXHOTXHV H[SpULHQFHV GH GpF
WHPSpUDWXUH SOXV LPSRUWDQWH TXH f& SRXU pWXGLH
&S[ FURVW DX FRXUV GH OD GpFRPSUHVVLRQ

/ID VXLWH ORJLTXH HW QpFHVVDLUH GH FH WUDYDLO VHUD GH
*3D HQ DXWRFODYH j FKDXIIDJH LQWHUQH SRXU DYRLU
OWXGH GH OD SORPEHULH GHV YROFDQV LVODQGDLV
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Synthese et Perspectives

162



1. Conclusions

1.1Eruptions basaltiques explosives de Grimsvotn éruptions
subpliniennes vs éruptions phréatomagmatiques

/IHV pUXSWLRQV GH HW GX YROFDQ *UtPVY|WQ VRQ
KLVWRWLTXH /DUVHQ HW DO (OOHV RQW DWWHLQW OCL
FHOWO GH HW pWDLHQW GH SHWLWHV pUXSWLRQV SKI

PRLQV GH WpSKUD /H ELODQ HQ pOpPHQWYV YRODWLOV |
SHUPHWWHQW GfpYDOXHU j OD IRLVY OD SHUVLVWDQFH HW (
DOLPHQWDQW *UtPVY|WQ DX FRXUV GX WHPSYV

/IHV pUXSWLRQV SKUpDWRPDJPDWLTXHV FRQVWLWXHQW O
*UtPVY|[WQ HOOHV VRQW PRLQV H[SORVLYHV HW pPHWWE
VXESQR®B®WVH 8QH SUHPLqQUH SRVVLELOLWpPp VHUDLWEEWH OHYV
SULQFLSDOHPHQW H[FOXVLYHPHQW " DOLPHQWpPHV SDU OF
VXESQRANVHUpVXOWHUDLHQW GTXQH LPSRUWDQWH FRQWULE
SURIRQG /fpWXGH GHV pTXLOLEUHV FOLQRS\UR[gQH OLT:
PDWULFLHO GHV SHWLWHV HW JUDQGHV pOUNXSWER GD PR @OW
WHS&KHBY TXDWUH pUXSWLRQV RQW HQUHJILVWUp OD PrPH S
VDYRLU a NP 8QH VHFRQGH SRVVLELOLWp VHUDLW TXH

GITpUXSWLRQ VRLHQW SOXV RX PRLQV ULFKHV HQ YRODWLO
PRELOLVpV SDU FHV pUXSWLRQV 1RXV FRQVWDWRQV TXH

FDUDFWpULVpHY SDU GHV PDJPDV OpJgUHPHQW SOXV ULFKH
OHV SHWLWHV 'H SOXV OfYH[VROXWLRQ GH FHV PrPHV pOj]
PDJPDV GHV SOXV JUDQGHV pUXSWLRQV FH TXL YD GDQV O
SRXU OHV pUXSWLRQV OHV SOXV JUDQGHV FH TXL SRXUUI
LPSRUWDQWH

IfpWXGH GHVY GRQQpHV *36 GH OD GpIRUPDWLR@XUApHUXSW
TXH OfpUXSWLRQ GH GH *UtPVY|WQ UpVXOWH GH OD PF
VXSHUILFLHOOH YHUV NP GH SURIRQGHXU GRQW OD J|
FDOFXOpH DYHF OH PRGgqOH GH ORJL /YfpWXGH GHV GplIRUPD
HW SDU 5 HYHUVR HW DO DYHF OD JpRPpWULH GfT X
PRGgOGHX[ FKDPEUHV GRQW OD SUHPLqUH VHUDLW VLWXpt
VHFRQGH VHUDLW DX PRLQV NP SOXV SURIRQGH 1RXV SU
VRLW DWWULEXpH j OfDFFXPXODWLRQ GH JD] VpSDUp GX U
GX *UtPVY|WQ /YfHVVHQWLHO GX PDJPD DOLPHQWDQW FHWW
SURIRQG YHUV a NP GH SURIRQGHXU FRPPH VXJJpUp SDU
GHV pUXSWLRQV GH HW FH TXL HVW HQ DFFF
HW DO /ID GpIRUPDWLRQ DVVRFLpH j OTH[VROXWLRQ
SURIRQG HW VRQ VWRFNDJH VXSHUILFLHO SHXW rWUH WR\
JD] OTHDX HW OH &2
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/D JDPPH GpFULWH SDU OHV WHPSpUDWXUHYV GYpTXLOLEUH
GHV pUXSWERQYF®H FH TXL VXJJqUH XQH PHLOOHXUH KRPF
PDJPDWLTXH SHX GH WHPSV DSUqV OffpYgQHPHQW YROFDQR

TXL DIlTHFWD SUREDEOHPHQW OH V\VWqgPH PDJPDWL"
HQVHPEOH (Q HIIHW OHV WHPSpUDWXUHV PR\HQQHV GfpT:
OH V\VWqgPH PDJPDWLTXH GX *UtPVY|WQ VXELW GHSXLV FH\

/IHMUDQGHV pUXSWLRQV GH *UtPVY|WQ VRQW DOLPHQWPpPHYV !
XQH H[VROXWLRQ SOXV SRXVVpH /HXU H[SORVLYLWp DFFU
QHWWHPHQW OD WURSRSDXVH HW GRQF pPHWWUH GDQV O
YROFDQLTXHV GpULYpPVY GX 6 HW GX &0 HVVHQWLHOOHPHQ)\
UDUHPHQW HW WHPSRUDLUHPHQW OD WURSRSDXVH OLPLWI
QRUG 'H SOXV LO VHPEOH TXH VHXO OH GpJD]DJH GX 6 VRL
TXL OLPLWH pJDOHPHQW OHXU LPSDFW

1.2Les Puys de La Vache-Lassolas

/IHV 3X\V GH /D 9DFKH /DVVRODV RQW SRXU SDUWLFXODULW
pJXHXOpV S H[ %RLYLQ HW DO -RUGDQ HW DO
VXESQROALHGHX[ SKDVHV VWURPEROLHQQHYVY HW XQH SKDVH
H[SORVLYH D pWp OTREMHW GH FHWWBRIWFGHXU3DBWHQDABIR\
SDU OfpTXLOLEUH &S[ OLTXLGH 0, RX YHUUH PDWULFLHO
DXFXERQWULEXWLRQ GIXQH FKDPEUH VXSHUILFLHOOH QYD
SURSRVHU TXH OH PDJPD DOLPHQWDQW FHWWH pUXSWLRC
FUR€EWH /fRUGUH GH FULVWDOOLVDWLRQ GHV SKDVHV PLQ
VIQFKURQH GH OYROLYLQH HVW pJDOHPHQW HQ IDYHXU Gf
OfpUXSWLRQ GX FRPSOH[H /D 9DFKH /DVVRODYV

/IHV FRQFHQWUDWLRQV HQ pOpPHQWY YRODWLOV HW OfHIIL
FDV GX VRXIUH VRQW SOXV SURFKHV GH FHOOHV REVHUYp
TXH GDQV QYLPSRUWH TXHO DXWUH FRQWH[WH WHFWRQR
OJH[LVWHQFH GfXQ SRLQW FKDXG VRXV OD &KDVQH GHV 3
IDVVRODV D pPLV 73 GT+) 7JG BYVEDTBWPRVBKGHH SR X
GH PDJPD '5( GH -RUBPQ HW DO 3RXU FRPSDUDLVRQ O
GX *UtPVY|WQ D pPLV 7J6RISBRRUHNQ YRDOXBH '5( GH
*XGPXQGVVRQ HW DO (Q UDPHQBAW IFHWD pPRMVLRA
FRWWSRQG | 7J GT+JINBT+&WNPJ GHMRSRXU OHV 3X\V GH
9DFKH /DVVRODV HW HWJ GTH&GHNBRXU OJpUXSWLRQ GH
*UtPVY|WQ $LQVL j YROXPH LGHQWLTXH OHV pPLVVLRQV G
GH WURLV IRLV SOX62 UAK IFW CHIH ¥ &®HHW tPVY|WQ DORUV T
OYH[SORVLYLWpP GH OfJpUXSWLRQ GH *UtPVY|WQ UpVXOW
JUDQGH FRQFHQWUDWLRQ LQLWLDOH HQ pOpPHQWYV YROD)
YRODWLOV GDQV OHV LQFOXVLRQV PDJPDWLTXHV GX /DNL ¢
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PPLVVLRQ FRORYWDOHRIGH 627J 7J GI+&0 HW 7J GT+)
'5( GH NRLW Gf+) NP 7J GI+&DWNPJ GH BP ,FL DXVVL |
YROXPH LGHQWLTXH OHV pPLVVLRQV GHV 3X\V GH /D 9DFK
ULFKHV HQ +&0 HW GHX2 RN BSHXYHYLEKHND MIQ GRQW OHV
FRQQXHV SRXU DYRLU pWp PRQGLDOHV &HV HVWLPDWLRQ
PUXSWLRQV YROFDQLTXHV HQ $XYHUJQH

1.3Etude expérimentaleGH OfpTXLOLE U Higai@elbadaltgud:R [g Q H
applications au volcanisme islandais

3RXU XQ PrPH YROFDQ HW XQH PrPH pUXSWLRQ OHV SUF
SPWURORJLTXHV pTXLOLEUH FOLQRS\UR[qQH OLTXLGH VRC
REWHQXHYV SDU GHV WHFKQLTXHV JpRSK\WLTXHV 3RXU H[S(
HVW DSSDUX HVVHQWLHO GfpWXGLHU OYfpTXLOLEUH FOLQRS

&HWWH pWXGH D SHUPLV GYHVTXLVVHU OH GLDJUDPPH GH

+ROXKUDXQ /IH FOLQRS\UR[gQH HVW OD SUHPLQUH S|
*3D DORUV TXH OTROLYLQH FKHND G/HDXH DSHWE M) iy RFROEW BIDDRYPH G
WHPSpUDWXUH f& &HV UpVXOWDWY VRXOLJQHQW Ofl

OHVQROWR[GQHY ORUVTXTLO VIDJLW HIBDHV ¥G LN W IDHVL ¥ B W
EDVDOWHY WKROpPLLWLTXHV LVODQGDLY &HWWH FRQFOXVI
PTXDWLRQV WKHUPREDURPPWULTXHVY GH 3XWLUND
H[SPULPHQWDX[ GRQQI BMHQHERQ PEWRBQWEHF OD SUHVVLI
@GHV H[SPULHQFHV

'HV H[SPULHQFHV GH GpFRPSUHVVLRQ RQW pWp UpDOLVp
FOLQRS\UR[gQH DX FRXUV GH OfYDVFHQVLRQ PDJPDWLTXH |

i *3D SXLV PDLQWHQXV | *3D SRXU XQH GXUpH DC
JRUVTXH OD WHPSpUDWXUH HVW PDLQWHQXH FRQVWDQWHF
FOLQRS\UR[qQH HVW FRPSOqQWHPHQW GLVVRXW HQ TXHOTXF
GH i f& SHQGDQW OD GpFRPSUHVVLRQ OH FOLQRS\UJ
HW UHVWH VWDEOH SHQGDQW OfpWDSH j *3D /HV pTXDV
FRXSGHWBTXLGH H[SpPULPHQWDX[ GRQQHQW GHV HVWLPDWL
H[SPLHQFHV VRQW WUHPSpHV LPPpGLDWHPHQW DSUQqV OD G

PLQXWHV SDUFH TXH OH FOLQRS\UR[qQH HW OH OLTXLGF

KHXUHV j *3D OfpFDUW HQWUH OHV SUHVVLRQV HW
H[SPULPHQWDOHV GLPLQXH VHQVLEOH P H MWSXE RRHP\SW DAHN!
GH TXHOTXHV KHXUHV PLQLPXP YRLUH GH TXHOTXHV MRXL
WKHUPREDURPPWULTXHV GH 3XWLUND GRQQHQW GHV Y
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2. Perspectives

/HV pOpPHQWY YRODWLOV VHPEOHQW MRXHU XQ U{OH HVVH
GH *UtPVY|WQ HW GDQV OD SKDVH VXESOLQLHQQH GH Ofpl
VHUDLW GRQF VRXKDLWDEOH GH TXDQWLILHU GH BDQNqUH \
OHV 0, GHV 3X\V GH /D 9DFKH /DVVRODYV HW GHV GHX[ W\SkH
PWXGLHU OHV SUHVVLRQV GH VDWXUDWLRQ HW GH OHV FF
REWHQXHV DX FRXUV GH FHWWH WKqVH

2.1Grimsvotn

/ID SpULRGLFLWp GH DQV pYRTXpH SRXU OYDFWLYLWpPp G
PUXSWLRQV H[SORVLYHV PDMHXUHVY GH FH YROFDQ DILQ G
PDJPDWLTXH GX *UtPVY|WQ S H[ /DUVHQ HW DO

, HUDLW LQWpUHVVDQW GITpWXGLHU O8HM BP3HDRXXMV DRIQWA Y
PDJPDWLTXH FUXVWDO GX *UtPVY|WQ HQ FRPSDUDQW Ot
LPSOLTXpHVY GDQV GHV pUXSWLRQV SUp /DNL GX *UtPVY|WQ
GH GX *UtPVY|WQ UHFRQQXH FRPPH DSSDUWHQDQW j OD
/IDUVHQ HW DO HW UplpUHQFHV FLWpHV SRXUUDLW

(QILQ TXHOOH HVW OD FRPSRVLWLRQ GH OD SKDVH JD]HXV
OD SpUWRGGF a DQV HVW UHVSHFWpH LO IDXGUDLW D
OfpFKDQWLOORQQHU &H ODSV GH WHPSV SRXUUDLW QRXV
VRXUFH OD SKDVH JD]JHXVH &HWWH LQIRUPDWLRQ TXL SI
OTH[SORVLYLWp GHV pUXSWLRQV GX *UtPVY|WQ HW GHV GD(
JODFLDLUH HW TXYXQ ODF VRXV JODFLDLUH VH QLFKH GDQ
UpVH BH FRQGLWLRQV2PPRWOERHI BIWRDDEOHY RQW SX pFKDQW
JDHXVH GH OfpUXSWLRQ VXESOLQLHQQH GH OfDQ GH

GIpFKDQWLOORQV GH« QHLJH (Q HIIHW OD QHLJH HVW FDF
GRQFQYFj VD FRPSRVLWLRQ

8QHWXGH WKHUPREDURPpWULTXH GpWDLOOpH GHV WHSKUD
V\VWFHIPDWLTXH GX *UtPVY|WQ LPSOLTXpHV GDQV FHWWI
pJDOHPHQW QpFHVVDLUH &H WUDYDLO D pWp DERUGpP SDU
pWDLW GLIITpUHQWH FDU HVVHQWLHOOHPHQW IRQGpH VXU O
SOXV OHXUV FDOFXOV WKHUPREDURPpWULTXHVY VRQW Unpl
OfpTXLOLEUH FKLPLTXH DYHF XQ FULVWDO GH OfpUXSWLR
pPWXGH WKHUPREDURPpWULTXH HQ XWLOLVDQW GHV FULVW
FRQWDFW HW GRQF GHV OLTXLGHV LQFOXVLRQV RX YHU
OfpUXSWLRQ GX /DNL &HOD QRXV SHUPHWWUDLW GH FRPS
FUXVWDO LPSOLTXpHYVY GDQV XQH pUXSWLRQ GX YROFDQ FHC(
DX VHLQ GT1XQ PrPH V\VWgQPH YROFDQLTXH
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2.2Puys de La Vache-Lassolas

'‘DQV XQ SUHPLHU WHPSV QRXV VRXKDLWHULRQV FRPSDUH
GDQV OHV WHSKUD GHV SKDVHV VWURPEROLHQQHYVY GHV 3X\
ODYHOGHFKHLUH GT1$\GDW DYHF OHV FRPSRVLWLRQV PHVXU
FRPSDUDLVRQ SHUPHWWUDLW GH YRLU VL OHV FKDQJHPHQV
HITXVLI VRQW OLpV j XQH pYROXWLRQ GHV FRQFHQWUDWLR
3 7GH UpVLGHQFH PRELOLVDWLRQ GH GLIIpUHQWHY SRUWLF

'‘DQVVHFRQG WHPSV XQH pWXGH VLPLODLUH VXU OHV WHSK
HVW GH FRPSRVLWLRQ SOXV pYROXpH WUDFK\ DQGpVLWH

OHV GRPDUIRBWLTXHY D\DQW DOLPHQWpP FHWWH pUXSWLRQ
/ID 9DFKH /DVVRODV HW QRXV SHUPHWWUDLW GTfHQ pWXGLH

(QILQ LO VHUDLW pJDOHPHQW VRXKDLWDEOH GYfpWDEOLU X
GH OD &KDvQH GHV 3X\V DILQ GH VWDWXHU VXU @bV SUHPL
ROLYHQ3HOXV FHOD QRXV SHUPHWWUDLW GH FRQILUPHU OH
YHUV OD VXUIDFH VDQV VWRFNDJH FUXVWDO VLJQLILFDWI
PUXSWLRQV WHOOHYVY TXH FHOOHV GHV 3X\V GH /D 9DFKH /D"

2.3Pétrologie expérimentale

1RXV VRXKDLWRQV SRXUVXLYUH OHV H[SpPULHQFHYV j HW
SKDVHV GHV EDVDOWHYV WKROpPLLWLTXHYVY /HV VpULHV GYTH[
FRQWLQXHU DYHF DX SURJUDPPH GHV H[SpPULHQFHV DYHF
GXUpH HW MRXUV SDU H[HPSOH FHOD SHUPHWWUDLYV
DWW®EHUH OYfpTXLOLEUH FOLQRS\UR[qQH OLTXLGH

I NfPWDEOLVVHPHQW GX GLDJUDPPH GH SKDVHV GTXQH WKRO
HVW XQH SULRULWp H[SpULPHQWDOH ODOKHXUHXVHPHQW
GH PODGLRLDEOH j GH VL IDLEOHV SUHVVLRQV HQ SDUWLFX(
f& Gf{Re OIDWWUDLW GHV DXWRFODYHV j FKDXIIDJH LC(
DWWHQGX HW TXH QRXV GHYULRQV UHFHYRLU VRXV SHX G
j GHV SUHVVLRQV GH *3D SRXU VLPXOHU OD FKDPEUH VX
SRXU pWXGLHU OH WUDQVIHUW ODWpUDO GH PDJPD ORUV G

167



Bibliographie

168



EJ~VWVGYyWWLU $ O %UDQWOH\ 6 / 9RODWLOH I«
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DW WKH FHQWHU RI WKH ,FHODQG KRWVSRW UHYHDOHG E\ JO

/HODLWUH 5 : $ FODVVLILFDWLRQ RI LJQHRXV URFNV L
RQ WKH 6\WWHPDWLFV RI ,JQHRXV 5RFNV UHFRPPHQGDWLRQV
6FLHQFHV

/IpQDW - ) %DFKq@MWXFIWXUH DQG G\QDPLFV RI WKH FHQ
JRXUQDLVH YROFDQR /H 9ROFDQLVPH GH OB SROFIRILVPE «
5pXQPLERRQRJIUDSKLH &HQWUH GH 5HERHUPROWIQ ®RQPBDQRBR J

/IHVKHU & ( :DONHU ' &XPXODWH PDWXUDWLRQ DQ
JUDGLHQW -RXUQDO RI *HRSK\WLFDO 5HVHDUFK *

IRZHQVWHUQ - % $SSOLFDWLRQV RI VLOLFDWH PHOW
YRODWLOHYV O0ODJPDV 10XLGV DQG RUH GHSRVLWYV

IRZHQVWHUQ - % OHOW LQFOXVLRQV FRPH RI DJH YR
'"HYHORSPHQWYV LQ 9ROFDQRORJ\

IXEDJHDX ) 9DVVHXU *  QWBDWIUHKBWDWLRQ RI KHDW IORZ GLC
FHQWUDO 7HFWRQRSKERLFYV

IXVWULQR O :LOVRQ O 7KH FLUFXP OHGLWHUUDQHI
SURYLQFH (DUWK 6FLHQEBHRLILSHYLHZM HDUVFLUHY

I\RQV : % OD\HZVNL 3 6SHQFHU 0 - 7ZLFNOHU 0 6 *ULC
+HPLVSKHUH YROFDQLF UHFRUG DQG FOLPDWLF LPSC

FRBQDOV RI *ODFLRORJ\

ODUWHO & &KDPSDOOLHU 5 3URXWHDX * 3LFKDYDQW O
6FDLOOHW % 7TUDFK\WH 3KDVH 5HODWLRQV DQG ,PSOL
WKH &KDvQH GHV 3X\V )UHQFK ODVVLI &HQWUDO -RXUQDO R

ODXU\ 5 & %URXVVH 5 9LOOHPDQW % -RURQ - / -C
&ULVWDOOLVDWLRQ IUDFWLRQQpH GYXQ PDJPD EDVDOWLTXH
&HQWUDO )UDQFH , 3pWURORJLH ; %XOOHWLQ GH OLQpUDOR
OF%LUQH\ $ 5 LJQHRXV-RBGHWUR QB J% D W\ OHHGVW 6 XGE XU\
OF'DGH 3 :RRG % - 9DQ :HVWUHQHQ : %URRNHU 5 *
1IDMRUND - %OXQG\ - BUHVVXUH FRUUHEWLRQV IR

DVVHPBOQHWDORJLFDO PDJD]JLQKGRL
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OpGDUG ( *HQqVH GH PDJPDV ULFKHV HQ FDOFLXP GDQ
ULGHV PpGLR RFpDQLTXHVY DSSURFKH H[SpULPHQWDOH 'pSDU

%ODLVH 3DVFDO &OHUPRQW )HUUDQG ,, S

OHQDQG 7 7DLW $ SKHQRPHQR®PE®HDFDR SUHFXUVRU YROFCLC
1DWXUH

OHUOH 2 OLFKRQ / 7KH IRUPDWLRQ RI WKH :HVW (

H[HPSOLILHG E\ WKH 0bX0QOHWHQWAWHD OMDBRBLpWp JpRORJLT XH
GRL

OHUOH 2 OLFKRQ [/ &DPXV * GH *RsU GH +HUYH $
WUDQVYHUVDOH VHSWHQWULRQDOH GX ULIW GX ODVVLI FHQW

OHUULOO 5 % NOOREVRISWLRQ RI LURQ E\ SODWLQXP FD*
URFN PHOWLQJ H[SHULPHQWY $PHULFDQ OLQHUDORJLVW

OpWULFK 1 :DOODFH 3 - O9RODWLOH $EXQGDQFHV
'"HIDVVLQJ 3DWKV 7UDFNHG E\ OHOW ,QFOXVLRQV O5HYLHZV L
* GRL UprPJ

OpWULFK 1 6LJXUGVVRQ + OH\HU 3 6 '"HYLQH - '
,FHODQG JHRFKHPLVWU\ &2 DQG VXOIXU GHJDVVLQJ &RQWL
OHHU 3 6 6LIXUGVVRQ + 6 FKLOOLQJ - * SHWURO
DORQJ ,FHODQGYV 1HRYROFDQLF =RQHV -RXUQDO RI *HRSK
+ GRL -% L% S

OHHU 5 JRXOJHU * 5 7KH (XURSHDQ &HQR]RLF 9ROF
PDQWOH SOXPHV KWWS ZZZ PDQWOHSOXPHV RUJ (XURSH KW
OLDOOLHU ' OLFKRQ / eYLQ - 3LOOH\UH 7 6DQJHOOH
FKDvQH GHV 3X\V 0DVVLI FHQWUDO )UDQFH SRLQW VXU OD
&RPBW S5HQGXV *HRVFLHQFH GRL M FUWH
OLFKDHO 3 - &RUQHO@OXH@FUBHRGLWQI UDWH DQG PDJPD

FU\WVWDOOL]I]DWLRQ DQG BRWHPFPQODMEARY ENQEBYKH PLBRP FKC(

HOHPHQW FKHEBRNMLQ RLAH EDVDOWYV -RXUQDO RI *HRSK\V
%

OLFKHO /pY\ $LWXDWLRQ VWUDWLJUDSKLTXH GHV UpJLRQV Y]
GH OD 6RFLpWp JpRORJLTXH GH )UDQFH gPH VpULH
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OLFKRQ / JHUUD]]LQL 9 'L OXUR $ 9LOOBRNMWXYRQHNY DOQG
PDJPD SOXPER@IJ ¥LWWRK) GH OD )RXUQDLVH YROFDQR +RZ GR
(WQD" -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDO 5HVHDUFK

OLFKRQ / OHUOH 2 7TKH HYROXWLRQ RI WKH 0DVV
GLVWULEXWLRQ RWXWODCHWRQ@QFOALYP 6RFLpWp JpRORJLTXH C
GRL

oOLUzboG 3 : . HQQHGYKH RHOWLQJ FXUYH RI JROG VLOYH
NEDU SUHVVXUH D UHLQYHVWLJDWLRQ -RXWQDO RI *HRSK\VL
OROOR 6 'HO *DXGLR 3 9HQWXUD * JHIIL ¥ 6FDUO
FOLQRS\UR[HQH FRPSRVLWLRQ RQ FRROLQJ UDWH LQ EDVDOW
ILWKRYV + + GRL M OLWKRYV

ORXQ 6 *DXWKLHU 3 - *LVODVRQ 67WDFHG6HOMHPHOMR GHIDV
HQULFKPHQW LQ WKH HUXSWLYH SOXPH RI WKH HUXSWLRC

&RVPRFKLPLFD $FWD

ORXQH 6 ©6LJPDUVVRQ 2 TKRUGDUVRQ 7 *DXWKLHU 3 -
WKH PDJPDWLF V\VWHP RI +HNOD YROFDQR ,FHODQG (DUWK
* GRL M HSVO

1HDYH ' $ ODFOHQQDQ - 7KRUGDUVRQ 7 +DUWOH\ 0 (
RI SULPLWLYH PHOWV LQ WKH (DVWHUQ 9ROFDQLF =RQH RI ,F
WKH 6DNVXQDUYDWQ DVK &RQWULEXWLRQV WR OLQHUI
GRL Y

1HPH ' $ 3DVVPRUH ( ODFOHQQDQ - JLWWRQ * 7TKRL
UHODWLRQVKLSY DQG WKH UHFRUG RI GHHS PL[LQJ DQG FU\
,FHODQG -RXUQDO RI 3HWURORJ\ * GRL SH\
1LFRODV $ IXED]JHDX ) %D\HU 5 SHULGRWLWH [H

JUDQFH WH[WXUDO DQG JHRSK\WLFDO HYLGHQFH IRU DVWI

1LPLV 3 $ FOLQRS\UR[HQH JHREDURPHWHU IRU EDVDO
PRGHOLQJ &RQWULEXWLRQV WR OLQHUDORJ\ DQG 3HWURORJ\

1LPLV 3 &OLQRS\UR[HQH JHREDURPHWU\ RI PDJPDV
JHREDURPHWHUV IRU EDVLF WR DFLG WKROHLLWLF DQG PLOCG
OLQHUDORJ\ DQG 3HWURORJ\

2GGVVRQ % *XGPXQGVVRQ 0 7 /DUVHQ * .DUOVGYWWLL
IURP WKH EDVDOWLF SKUHDWRPDJPDWLF *UtPVY|WQ HUX
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FRPSDULVRQ ZLWK SOXPH PRGHOV %XOOHWLQ RI 9ROFDQROR

[OBYWWLU % $ +RORFHQH HUXSWLRQ KLVWRU\ DQG |
9DWQDM|NXOO YROFDQRHV *UtPVY|WQ %iUGDUEXQJD DQG .Y
%ODLVH 3DVFDO &OHUPRQW )HUUDQG DQG 8QLYHUVLW\ RI ,F

IODGYWWLU % $ /DUVHQ * ¢éyUeéDUYRH) .PWODLYRDEN@ER Q6
+RORFHQH WBSKUDD@® UHIWISWLRQ IUHTXHQF\ -|[NXOO

IODGYWWLU % $ /DUVHQ * 6LIJPDUVVRQ 2 +RORFF
%iUGDUEXQJD DQG .YHUNIM|OO VXEJODFLDO ®%MQWHIWNVQ ERC
9ROFDQRORJ\ #* GRL Y

IODGYyWWLU % $ 6LJPDUVVRQ 2 /DUVHQ * ‘HYLGDO - /
IURP 9DWQDM|NXOO VXEJODFLDO YROFDQRHV ,FHODQG DV
DQDO\WHVY 7KH +RORFHQH + GRL

I[ODGYyWWLU % $ 7TKRUGDUVRQ 7 /IDUVHEXUYLYD G5 LRRDWW
OEUGDOVM|NXOO LFH FDS WKURXJK WKH +RORFHQH WKHUPDO
.DWOD WHSKWR®D\WBeY WKHGHIDUM $QQDOV RI *ODFLRORJ\

3DOOLVHU & OF.LEELQ 5 $ ORGHO IRU '"HHS *HRWKH
SURSHUWLHYV '"HQVLW\ 7UDQVSRUW LQ 3RURXV OHGLD :

3DUWW  ( $ :LOVRQ / ([SORVLYH YROFDQLF HUXSW
+DZDLLDQ VW\OH ODYD IRXQWDLQLQJ DQGRSEWWRPPROLMRYU ¢
,QWHUQDWLRQDO

3HUULHU * 5XHJJ - & 6WUXFWXUH SURIRQGH GX Ol
*PRSK\VLTXH

SHWHUVHQ * 1 %MRUQVVRQ + S$UDYRQZHDWKHURQUMDLID/U VL
RI WKH DOWLWXGH RI WKH YROFDQLF SOXPM|IWRULGHODKIG O DI

6\WWHP 6FLHQFH: 'DVBIRL HVVGG
3LHWUXVIND $ - +HDWRQ ' ( ODUVNH - 3 *DUFLD 0 2
WKH VXPPLW RI .LODXHD 9ROFDQR XQYHLOHG E\ LVRWRSLFDO
(DUWK DQG 30DQHWDU\ 6FLHQFH /HWWHUYV + GRL
3LRO/ $]]JRSDUGL % - &DVKPDQ . 9 &RQWUROV RC

HUXSWLRQV O0DJPD VHJUHJDWiRQQDW RROQRXEWQRGRFW DROEG
5HVHDUFK

3RUWDO $ (WXGH JpRSK\WLTXH GH OD VWUXFWXUH LQ
'"{PH HW VRQ HQYLURQQHPHQW 7&KDMQIQEMM WB\KX\W p) GCDDAN H 3
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SXWLUND . &OLQRS\UR[HQH OLTXLG HTXLOLEULD WR
OLQHUDORJ\ DQG 3HWURORJ\

SXWLUND . ' , JOQHRXV WKHUPRPHWHUV DQG EDURPH!
HTXLOLEULD 7HVWV RI VRPH H[LVWLQJ PRGHOV DQG QHZ FD¢

3XWLUND .  QWURGXFWLRQ WR OLQHUDOV ,QFOXVLR
OLQHUDORJ\ DQG *HRFKHPLVWU\ + GRL UPJ
3IXWND . 7KHUPRPHWHUV DQG %DURPHWHUV IRU
OLQHUDORJ\ DQG *HRFKHPLVWU\ + GRL UPJ
5HYHUVR 7 O9DQGHPHXOHEURXFN - -RXDQQH ) 3LQHO 9
$ WZR PDJPD FKDPEHU PRGHO DV D VRXUFH RI GHIRUPD\
-RXUQDO RI *HRSK\VLEFDO 5HVHDUFK 6ROLG (DUWK +

50 % OLOLOOR 3 6LPRQV 0 /XQGJUHQ 3 .DQDPRUL +
Rl %iUGDUEXQJD FDOGHUD ,FHODQG *HRSK\VLFDO -RXUQDO .
GRL JML JJY

5LYDOWD ( 6HIJDOO 3 0DJPD FRPSUHVVLELOLW\ DQ
LQWUXVLRQV *HRSK\VLFDO 5HVHDUFK /HWWHUYV + GRI
5RHGGHU ( 2ULJLQ DQG VLJQLILFDQFH RI PDJPDWLF LQ
SRHGGHU ( )OXLG LQFOXVLRQV 9RO Ss 3+

OLQHUDORJLFDO 6RFLHW\ RI $PHULFD

5RHGHU 3 / (PVOLMOLYQRHXLG HTXLOLEULXP &RQWULEXWL
3HWURORJ*  GRL %)

SRIJJHQVDFEN . +HUYLJ 5 |/ OF.QLJKW 6 % :LOOLDPV ¢
YROFDQLVP IURP &HUUR 1HJUR YROFDQR LQIOXHQFH RI YROD

5RZH 0 & [/DVVLWHU - & *RIT . %DVDOW YRODWL
ULIWLQJ $Q H[DPSOH IURP WKH 5LR *UDQGH 5LIW 86% *HRF

6DEOH - ( +RXJKWRQ % ) 'HO &DUOR 3 &ROWHOOL 0
DVFHQW DQG IUDJPHQWDWLRQ GXULQJ WKH (WQD %& EDVI
PLFURWH[WXUHV -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKHUPDC

6 PXQGVVRQ . JLVVXUH VZDUPV DQG FHQWUDO YROFDQRH

%RZHV '5 /HDNH %( HGV &UXVWDO HYROXWLRQ LQ QRUWKZF
+RXVH 3UHVV J/LYHUSRRO (QJODQG
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6DX0O $ :DIJQHU $ IXQGDPHQWDO HTXDWLRQ IRU Z

PHOWLQJ OLQH WR . DW SUHVVXUHV XS WR 03D -RXUQ
'‘DWD *
6KDPD . %ODNH 6 6HOI 6 .UXHJHU $& - 62 HPLVVLR

WKH H[FHVV VXOIXU LVVXH *HRSK\VLFDO 5HVHDUFK /HWWHUV

6 KLVKNLQD 7 $ %RWFKDUQLNRY 5 ( +ROW] ) $OPHHY
6ROXELOLW\ RI + 2 DQG &2 EHDULQJ IOXLGV LQ WKROHLLW
&KHPLFDO *HRORJ\ GRL M FKHPJHR

6LIJIPDUVVRQ 2 &DUSHQWLHU O /IDUVHQ * *XePXQGVVR
VWRUDJH EHQHDWK *UtPVY|WQ YROFDOQR ,FHODQG HVWLPD'
*HQHUDO $VVHPEO\ &RQIHUHQFH $EVWUDFWYV

6LJPDUVVRQ 2 &RQGRPLQHV O *U|QYROG . 7TKRUGDU\
KRPRIJHQHLW\ LQ WKH * /IDNDJLJDU HUXSWLRQ 2ULJLQ R
,FBIDQG *HRSK\VLFDO 5HVHDUFK /HWWHUV

6LIJIPDUVVRQ 2 +DGGDGL % &DUQ 6 ORXQH 6 *XGQDVRC

7KH VXOIXU EXGJHW RI WKH *UtPVY|WQ HUXSWLRQ ,FHODC
+ GRL */
6LJPDUVVRQ 2 +DOOGYUVVRQ 6 $ 'HOLPLWLQJ %iUeé

ZLWK 6U DQG 1G {WKWRSH UDWLRV

6LJPDUVVRQ 2 .DUOVVRQ + BKH /DUPBQ * VXEJODFLDO |
EHQHDWK WKH 9DWQDM|NXOO LFH VKHHW LQ ,FHODQG FRQW!
RQ PDJPD PLJUDWLRRDFBHRRORWMLQ GRRL RUJ 3/

6LIPXQGVVRQ ) ,FHODQG *HRG\QDPLFV &UXVWDO 'l
THFWRQLFV 3UD[LV 3XEOLVKLQJ 6SULQJHU 9HUODJ &KLFKHV\

6LIPXQGVVRQ ) +RRSHU $ +UHLQVGYWWLU 6 9RJIM|UG
5 'XPRQW 6 3DUNV 0 6SDDQV . *XGPXQGVVRQ * % 'UR

*XGPXQGVVRQ 0 7 +|JOQDGYWWLU 7 )JULGULNVGYWWLU
0DJQ~VVRQ ( 6DPVRQRY 6 %UDQGVGYWWLU % :KLWH 5
*UHHQ 5 * +MDUWDUGYWWLU E 5 3HGHUVHQ 5 %HQQ

& %M|UQVVRQ + 3iOVVRQ ) G6WXUNHOO ( %HDQ & - 0]0O
6 BHIJPHQWHG ODWHUDO G\NH JURZWK LQ D ULIWLQJ |
,FHORQW XUH + GRL QDW XUH

6LIYDOGDVRQ * ( $QQHUW] .(IIHRAWORVRQDRLHU ®RRDGLQJ ¢
YROFDQLVP SRVWJODFLDO YROFDQLF SURGXFWLRQ UDWH RI
9ROFDQRORJ\ + GRL %)
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6LPNLQ 7 6LHEHUW / (DUWKYV YROFDQRHV DQG HU>
HW DO HGV (QF\FORSHGLD RI YROFDQRHV $FDGHPLF 6DQ 'L

6REROK 9 =H\HQ + *UDQHW 0 $FKDXHU 8 %DXHU & Tk
. 8SSHU PDQWOH WHPSHUDWWHKH®QRNVGE& HUN WRAVHEIFIPKBEHQ!
ObvVLI &HQWUDO FRQVWUDLQHG E\ VHLVPLF JUDYLW\ S

THFWRQRSK\VLFV GRL 6 ;

6SDUNV 5 6 - &DXVHV DQG FRQVHTXHQFHV RI SUHVVX
DQG 30DQHWDU\ 6FLHQFH /HWWHUYV

6SHUD ) - &DUERQ GLR[LGH LQ SHWURJHQHVLV ,,, UR
PDJPD ZLWK VSHFLDO UHIHUHQFH WR [HQROLWK EHDULQJ PD
SHWURORJ\

6SHUD ) - 3K\ WVLFDO SURSHUWLHV RI PDJPD ,Q 6LJ’
YROFDQRHV $FDGHPLF 3UHVV 1HZ <RUN SS *

6 WeRHA  ( +ROORZD\ - 5 ([SHULPHQWDO GHWHUPLQD
GLR[LGH LQ PROWHQ EDVDOW DW ORZ SUHVVXUH (DUWK DQf¢
GRL ;

6WURQFLN 1 $ +DDVH . O &KORULQH LQ RFHDQLF
PDQWOH VRXUFHV DQG UHF\FOLQJ SURFHVVHV *HRORJ\

BWXUNHOO ( (LQDUVVRQ 3 B6LIJPXQGVVRQ ) *HLUVVRQ
BWHIIQVVRQ 5 9ROFDQR JHRGHV\ DQG PDJPD G\QDPLFV
DQG *HRWKHUPDO 5HVHDUEK + + GRL M MYROJt

BWXUNHOO ( (LQDUVVRQ 3 6LIJPXQGVVRQ )'HHRUHIDW GRW W
RI *UtPVY|WQ YROFDQR ,FHODQG HUXSWLRQ DQG VXEVH
IJHWWHUV: GRL * )

7TDLW 6 -DXSDUW & SHIHVVY.ROWHOHIDS/ FRQWHQW DQG HUX!
VKRDOFU\VWDOOLVLQJ PDJPD FKDPEHU (DUWKtDQG 30DQHWD

7TDNDKDKVKL ( IDNDMLPDD . ULIKW 7 |/ 2ULJLQ
PHOWLQJ PRGHO RI D KHWHURJHQHRXV SOXPH KHDG (DUWK L

7TDKDVKL ( . XVKLUR OHOWLQJ RI D GU\ SHULGRWLW
JHQHVLV $PHULFDQ OLQHUDORJLVW

7DNHQRXFKL 6 .HQQHG\ * & 7KH ELQDU\ V\VWHP +
DG SUHVVXUHV $PHULFDQ -RXUQDO RI 6FLHQFH +

183



7TDUDVHZLF] - KLWH 5 6 'RRGV $ %UDQGVGYWWLU ¢
ODJPD PRELOL]DWLRQ E\ GRZQZDUG SURSDJDWLQJ GHFRPSUF

SOXPELQJ *HRSMIFPLFDO 5HVHDUFK /HWWHUYV GRL
7KPYHQRQ / &DUWH GYDQRPDOLH GH %RXJXBWNGHVED &
8QLYHUVLWp %ODLVH 3DVEDO S

7KRUDULQVVRQ 6 7KH VZLIW IORZLQJ ULYHUV WKH K
HUXSWLRQV OHQQLQJDUVMRGXU B5H\NMDYLN SS +
7KPUWLQVVRQ 6 $Q RIQECIHMAWOOJ RQ 6NHLGDU
7KRUDULQVVRQ 6 6 PXQGVVRQ . 9ROFDQLF DFWLYL
7KRUGDUVRQ 7 +RVNXOGVVRQ $ 3RVWJODFLDO YRO
7KRUGDUVRQ 7 IDUVHQ * 9ROFDQLVP LQ ,FHODQG
HUXSWLRQ VW\OHV DQG HUXSWLYH KLVWRU\ -RXUQDO
GRL M MRJ

7KRUGDUVRQ 7 6HOI 6 7KH /DNL 6NDIWiU )LUHV DQ
%OBIWLQ RI 9ROFDQRORJ\ + GRL ) %)
7TKBDUVRQ 7 6HOI 6 6XOIXU FKORULQH DQG IOXRUL

E\ WKH 5R]D HUXSWLRQ &ROXPELD 5LYHU %DVDOW *URXS :D
DQRQG *HRWKHUPDO 5HVHDUFK

7TKRUGDUVRQ 7 6HOI 6 2VNDUVVRQ 1 +XOVHERVFK 7

GHJDVVLQJ DQG DWPRVSKHULF ORDGLQJ E\ WKH * $' /D
+ %XOOHWLQ RI 9ROFDQRORJ\

TKRUQEHU & 5 6KHUURG ' 5 6LHPV ' ) +HOLNHU & &

.DXDKLNDXD - 3 :KROH URFN DQG JODVV PDMRU HOHPH

+DZDLL YQWDHUXSWLYH SURGXFWV 6HSWHPEHU WKURXJIK

*HRORJLFDO 6XUYH\

7KRURGGVHQ 7JKIyUDU ULWJM|UGLU 6DIQ )U GDIpODJVLQV
&RSHQKDJHQ

7RODQ 7 / B5HLGHO 6 3 %HHVRQ 0 + $QGHUVRQ - / )H

5HYLVLRQV WR WKH HVWLPDWHV RI WKH DUHDO H[WHQW DQC
*HRORJLFDO 6RFLHW\ RI $PHULFD 6SHFLDO 3DSHUYV
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7TRSOLV 0 - 7KH WKHUPRG\QDPLFV RI LURQ DQG PDJQHV
OLTXLG &ULWHULD IRU DVVHVVLQJ DQG SUHGLFWLQJ HTXLO

&RQWULEXWLRQV WR OLQHUDORJ\ DQG 3HWURORJ\ +
9DHQWLQH * $ .ULHU ' 3HUU\ ) 9 +HLNHQ *
PHFKDQLVPV /DWKURS :HOOV YROFDQR VRXWKHUQ 1HYDGD
9HQXJRSDO 6 ORXQH 6 ‘LOOLDPV -RQHV * JQYHVW
EHQHDWK &HUUR 1HJUR YROFDQR DQG WKH (O +R\R &RPSOH]
*HRWKHUPDO 5HVHDUFK GRL M MYROJHRUHYV
9LOOHPDQW % -DIIUH]LF + -RURQ - [/ 7UHXLO 0 'L

WUDFH HOHPHQWYV IUDFWLRQDO FU\WWWDOOL]J]DWLRQ LQ WKH
&HQWUDO*HRBRIFHFD &RVPRFKLPLFD $FWD

9LOOHPDQW % -RURQ - / -DIIUH]LF + 7TUHXLO O 0D’
&ULVWDOOLVDWLRQ IUDFWLRQQpH GT1XQ PDJPD EDVDOWLTXH
&HQWUDO )UDQFH ., *PRFKLPLH %XOOHWLQ GH OLQpUDORJ!
:DONHU ' -XUHZLF] 6 'DWVRQ $GCPKEXKPXYRFEXQLWH JUR

ODERUDWRU\ WKHUPDO JUDGLHQW &RQWULEXWLRQV WR OLQ}

':DOODFH 3 - 9ROFDQLF 62 HPLVVLRQV DQG WKH DEXQ
LQ PDJPD ERGLHV -RXUQDO RI 9ROFDQRORJ\ DQG *HRWKFE
GRL 6

:DODFH 3 - JURP PDQWOH WR DWPRVSKHUH PDJPD G
YROFDQLF YRODWLOH EXGJHWY 'HYHORSPHQWYV LQ 9ROFDQH

:DOODFH 3 - (GPRQGV O 7KH VXOIXU EXGJHW LQ
LQFOXVLRQV VXEPDULQH JODVVHYV DQG YROFDQLF JDV H
*HRFKHPLVWU\

:DWHUV [ ( /IDQJH 5 $ $Q XSGDWHG FDOLEUDWLRQ F
WKHUPRPHWHU DSSOLFDEOH WR EDVDOWYV WKURXJK UK\ROLWI

:DWVRQ ( % :DUN ' SULFH - ' 9DQ 2UPDQ - D 0
Rl VROLG PHGLD SUHVVXUH DVVHPEOLHV &RQWULEXWLRQV W
GRL Vv

‘HEVWHU - ' .LQJOHU 5 - &MEMUGH BQ& ZDWHU VROXELOL
DQGHVLWH PHOWYV DQG LPSOLFDWHLRREKLPIFWD PHWPR WV PR BKLMDL
+ GRL 6
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"HEVWHU - ' 5DLD ) 'H 9LYR %W KH BRED®HEBORMKR.QH DQG V’
GXULQJ GLIIHUHQWLD WIRWXRUXWKADIRD VB RPPOD\WVWHP OLQHUDC
* * GRL Vv

"HKUPDQQ + %RQDGRQQD & )UHXQGW $ +RXJKWRQ %
7HSKUD D EDVDOWLF 30LQLDQ HUXSWLRQ LQ 1LFDUDJXD *H

:LOOLDPV 6 1 30LQLDQ DLUIDOO GHSRVLWYV RI EDVDOV
LORQ / SHODWLRQVKLSYV EHWZHHQ SUHVVXUH YRODW
W\SHV RI YROFDQLF H[SORVLRQ -RXUQDO RI 9ROFDQRORJ\ DC
LOURQ / +HDG - : $VFHQW DQG HUXSWLRQ RI EDVDO
-RXUQDO RI *HRSK\VLFDO 5HVHDUFK 6ROLG (DUWK %

:LOVRQ O 'RZQHV + 7THUWLDU\ 4XDWHUQDU\ ([WHQVI

LQ :HVWHUQ DQG &HQWUDO (XURSH -BGRUQDO RSHWWRIERRJ\

ROIH & - %MDUQDVRQ , 7 9DQ'HFDU - & 6RORPRQ ©6
,FHODQG PDQWOH SOXPH 1DWXUH

RQJ [ - IDUVHQ - ) 7KH OLGGOH 6FRULD VHTXHQFH
VXESOLQLDQ DQG SKUHDWRPDJPDWLF HUXSWLRQ RI 2NPRN Y

'ULJKW 7 / *UROLHU 0 - 6ZDQVRQ ' $ &KHPLF
VWUDWLJUDSK\ RI WKH &ROXPELD 5LYHU EDVDOW *HRORJLFD (

<DQJ + - .LQJOHU 5 - {(SRMHPARQWY DQG PRGHOV RI DQk
ROLBLIOTH L ORXJDWHI VDWXUDWHG PH O8\RQ WJIRFE X W LRIQR/  WIREDLO +
3HWURORZ GRL V

=DPRUD ' )XVLRQ SDUWLHOOH GH OD FUR€WH RFpDQLT:
JpRFKLPLTXH 'pSDUWHPHQW GHV 6FLHQFHV GH OD 7HUUH 8C
11 S

=H\HQ + O9RONHU ) HKUOH 9 ) XFKV . 6RBRVOBNYV B6RI19
FROWLQHQWDG6DQWWHQ G HAMDAKWH QW7 HDFQMGR B QW\OHESOXPHV
GRL 6 :

-KDQJ < 1L + &KHQX¥LRQ GDWMHQQYWLOHNDMWZY LQ OLQHU
*HRFKHPLVWU\
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=LPPHU 0 O 3O0ODQN 7 +DXUL ( + <RJRG]JLQVNL * O 6 Wl
7KH UROH RI ZDWHU LQ JHQHUDWLQJ WKH FDOF DONEC
PDJPDV DQG D QHZ WKROHLLWLF LQGH[ -RXUQDO RI 3HWUROF
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|. Objets et Méthodes

/ID SUHPLQUH pWDSH GH WRXWH pWXGH EDVpH VXU GHV SURG)
SULPRUGLDOH GH VD TXDOLWp GpSHQGUD OD UHSUpVHQW
LQFOXVLRQV 7RXV OHV pFKDQWLOORQV QDWXUHOV pWXGLpV
GRQW OfpFKDQWLOORQQDJH D pWp UpDOLVp SUpFDXWLRQQH X

/IH FKRL[ GHV WHSKUD VTHVW LPSRVp j QRXV FDU LOV SUpVHQ
OD SUpVHUYDWLRQ GHV LQFOXVLRQV PDJPDWLTXHV j OTpWD\
WUHPSH GH OD URFKH SHUPHW GH SUpVHUYHU OfYLQFOX\
UHIURLGLVVHPHQW OHQW FDV GHV FRXOpHV GH ODYH SHUF
OfLQFOXVLRQ OD FULVWDOOLVDWLRQ GX FULVWDO K{WH VXI
7TRXV FHV SKpQRPgQHV OLpV j XQ UHIURLGLVVHPHQW OHQW IF
QfHVW SOXV SUpVHUYpH ,0 HVW GRQF HVVHQWLHO GH WUDY
TXH OHV WHSKUD

8Q GHV REMHFWLIV GH FH WUDYDLO pWDQW GYpWXGLHU OfH
FRQGLWLRQV GH WHUUDLQ HW OHV FRQQDLVVDQFHV VFLHQW
VPOHFWLRQQp OHV WHSKUD GHV SKDVHV OHV SOXV H[SORVLY
&THVW DLQVL OH FDV SRXU OfpUXSWLRQ GHV 3X\V GH /D 9DFK

/IHV FRPSRVLWLRQV HQ pOpPHQWYV PDMHXUV GHV FULVWDX]
RQW pWp DQDO\WpHV j OD PLFURVRQGH pOHFWURQLTXH GH P
HW ) GHV YHUUHV PDWULFLHOV RX LQFOXVLRQV

1.1lInclusions magmatiques

1.1.1 Primaires etsecondaires

/IHV LQFOXVLRQV PDJPDWLTXHV 0,V VRQW GHV JRXWWHOHMW
SKpPQRFULVWD X[ GH URFKHV LJQpHVY (OOHV VRQW GH WDLOOH
VSKpULTXH RX RYRwWGH G6FKLDQR (OOHV SHXYHQW pJDOH
© FULVWDO QpJDWLI 2 UHSURGXLVDQW DLQVL OD IRUPH GH O
EXOOHV GH UpWUDFWLRQ WKHUPLTXH GRQW OfYH[LVWHQFH |
PLQpUDX[ ILOV GH OD ULFKHVVH HQ pOpPHQWY YRODWLOV G
UHIURLGLVVHPHQW ,0 H[LVWH GHX[ W\SHV GYLQFOXVLRQV PLC
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/HV LQFOXV LR Q \prirRddesP DMLTRAHPH QW HQ PrPH WHPSV TXFt
K{WH (OOHV VRQW GLVWULEXpHV DOpDWRLUHPHQW DX
FH VHUDLW OH FDV SRXU OHV 0,V GDQV GHV FULVWDX]
DXUDLHQW SOXW{W WHQGDQFH j VRXOLIJQHU GHV JRQH\
SOXV VRXYHQW HOOHV RQW XQH IRUPH VSKpULTXH j H
IRUPH GH OHXU PLQpUDO K{WH OHV 0,V DSSDUDLVVH
H[SPULHQFHV VXU GHV LQFOXVLRQV V\QWKpWLTXHV HV
PRQWUHQW TXH OD IRUPH HQ FULVWDO QpJDWLI G
DFTXLVH VHFRQGDLUHPHQW HW TXf{HOOH UHIOgQWH XQ
PLQLPLVHU OfpQHUJLH GH VXUIDFH /fpYROXWLRQ GH
FRQVPTXHQFH GX SURFHVVXV GH GLIIXVLRQ TXL D OLH>
'HX[ PRUSKRORJLHVY HQ UpVXOWHQW
o ORUVTXH OfDLUH FUH \DWD@WHVYW PHQLPDOH OD 0, H
0 ORUVTXH OfpQHUJLH GH VXUIDFH HVW PLQLPDOH C

/HV LQFOXVLR QVseBdbdiPa3W HT KHUWPHQW DSUQqV OH PLQpUD
SUpVHQWHQW FODVVLTXHPHQW VRXV OD IRUPH GYfDO
LQIPULHXUH j —P (OOHV VH SRVLWLRQQHQW OH ORQ
TXH GHV SODQV GH FOLYDJH GHV PLFURIUDFWXUHV R
VRXYHQW HOOHV VRQW LQLWLDOHPHQW VXE VSKpULT
GpIRUPDWLRQ DYDQW GH IUDQFKLU OD WHPSpUDWXUH
EDVDOWH 5\DQ HW 6DPPLV HW DSSDUDLVVHQW G
VRXOLJQHQW OD FLFDWULFH GYDQFLHQQHV IUDFWXUH\
PLQpUDO K{WH $X FRXUV GX WHPSV FHV IUDFWXUHV
UHPSOLHV GH OLTXLGH PDJPDWLTXH DYDQW GH VH VFH
FHV 0,V QTD GRQF SDV GH OLHQ FRJpQpWLTXH GLUHFW
OJLQIRUPDWLRQ HVW SHUGXH

/HV LQFOXV LR Q \prirkiidekP D/\M LIRFUHPHQW DX VHLQ GH ODFXQHV GH
OH OLTXLGH PDJPDWLTXH GXTXHO OHV FULVWDX[ K{WHV SUpF
FULVWDO K{WH SHUPHW OYfYpWXGH GHV PDJPDV SULPDLUHV H
SURWKYV GH GpJD]DJH HW PDJPDWLTXHV TXL OHV RQW DIIH
JpRFKLPLTXH H[ 5RHGGHU IRZHQVWHUQ 6 FKLL
(OOHV SHXYHQW FRQVHUYHU OHV FDUDFWPpPULVWLTXHV G
RX j GLIIpUHQWY VWDGHV GH OHXU pYROXWLRQ 1RPEUHXVHYV
GH FHV O,V SHUPHW GYREWHQLU XQH JDPPH GH FRPSRVLWLF
XQLTXHPHQW DYHF OHV GpS{WV GH VXUIDFH H[ 6FKLDQR
LQFOXVLRQV PDJPDWLTXHV SULPDLUHV SHUPHW GYREWHQLU
ORUV GX SLpJHDJH GH OTLQFOXVLRQ HW HQ SDUWLFXOLHU
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LQIRUPDWLRQV VXU OD FRPSRVLWLRQ SOXV SULPLWLYH GX I
WHOOHV TXH OHV SURFHVVXV GH GLIIpUHQFLDWLRQ HQ SURIR

/IHV LQFOXVLR Q\¥eddiRBYNHAIYHYW GRQF DSSRUWHU GHV LQIRUP
SRVW IRUPDWLRQ GH OHXUV FULVWDX[ K{WHV 7RXWHtIRLYVY FF
au long de ce manuscrit, les inclusions magmatiques (MIs) sélectionnées ne sont que des Mis
primaires et seront désignées en tant que Mls, pour simplifier.

1.1.2 Préparation des Mls

(IHPSOH GH *

/HV WHSKUD SUpOHYpV VRQW EUR\pV j OJDLGH G{XQ EUR\HXU
HVW HQVXLWH SDVVp j WUDYHUV GHV WDPLV SHUPHWWDQW (

—P —P HW —P 6XLWH j GH SUPFpGH@NHV p\
V¥R UH TXH VHXOHV OHV IUDFWLRQV HW —P FRQWL
GH WDLOOH VXIILVDQWH SRXU rWUHQDPB®\V$HB VYV DEIHYV G DRI WLE
VXEFFHVVLIV GYfHDX GLVWLOOpH SXLV SDVVpHV VRXV XQ DLP
PDJQPWLTXHV GHV IUDFWLRQV IDLEOHPHQW PDJQPWLTXHV RX

/HV FULVWDX[ GH SODJLRFODVH S\UR[gQH HW ROLYLQH pWDQ!
SDU FHW DLPDQW j PDLQ 3RXU OHV WHSKUD GH WRXWHV OHV
GX EUR\DW pWDLW DWWLUp SDU OYDLPDQW j PDLQ /HV Ul
SHUPHW DLQVL XQH VpSDUDWLRQ SOXV ILQH R+ HQ IDLVDQW
HW OJLQFOLQDLVRQ GX SODWHDX LO HVW SRVVLEOH GH V
SODJLRFODVH S\UR[qgQH HW ROLYLQH FRQWHQXV GDQV OHV

VXIILVDQW LO HVW SRVVLEOH GH SDVVHU OHV IUDFWLRQV UH
EURPRIRUPH HW VL EHVRLQ GLLRGRPpWKDQH

(Q SURSRUWLRQV UHODWLYHV GDQV * LO \ D EHDXFRXS ¢
S\UR[qQHV PDLV DXVVL SOXV GH S\UR[gQHV TXH GYROLYLQHV
&HOD SHXW V{H[SOLTXHULv&BES pUQLHH XGHHQ Y LMHOOH HVWLPpH G>
GTHQYLURQ OF®IWQH\ $ WHPSpUDWXUH DPELDQWH OH |

NJ POHV FULVWDX[ GH SQODRIRRE D\DH HH QQWH X QRAHYG LV  TNKIHP
OHV FOLQRS\UR [gsQFRP ROAWHXGIQWUH HWHWXH ONY FRRORXLQHV
FRPSULVH HQWUH VH®RQ OMXB FRPSRVLWLRQ

$LQVL HQ LQWURGXLVDQW OD IDLEOH TXDQWLWp GH SRXGUH
GX EURPRIRUPH LO HVW SRVVLEOH GH VXU FRQFHQWUHU Ol
IHUURPDJQpVLHQV FRXOHQW GDQV OH EURPRIRUPH DORUV TX
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PRQWUp TXH OHV 0,V FRQWHQXHV GDQV OHV SODJLRFODVHV

SDU GHV SURFHVVXV GH FULVWDOOLVDWLRQ IUDFWLRQQpH

FRRpTXHQW OHV SODJLRFODVHV QH VHURQW SDV pWXGLpV H
GpFDQWDWLRQ QH IRQFWLRQQHUDLW SDV HQ UDLVRQ GTXQH
PLIWHV DJJORPpUDWY GH FULVWDX[ HW GH YHUUH RX G{XQ

GIXWLOLVHU OH GIRRGRRIWKDQHDYHF OH ULVTXH GH SHUGUF
GH S\UR[qQH HW GYROLYLQH

$ILQ GH PLQLPLVHU OHV SRVVLEOHV SHUWHV HQ FULVWDX[ L
OHV IUDFWLRQV SOXV GHQVHV TXH OH EURPRIRUPH PDLV |
pJDOHPHQW pWp VPpOHFWLRQQpHV SRXU SDVVHU j OfpWDSH V
WUL PLOQXWLHX[ VRXV ORXSH ELQRFXONLEHX G HPV FALLNVW BB FRUL
DLQVL pWp VpOHFWLRQQpV DX VHLQ GH *

&HWULVWDX[ VRQW HQVXLWH IL[pV VXU GHV ODPHV PLQFHV j O
WKHUPR IL[DQWHS &U\@WDHD SRRK@BLU DLVPpPHQW GpVROLGDUL\
REVHUYDWLRQ DX PLFURVFRSH RSWLTXH LO HVW SRVVLEOH ¢
OHV FULVWDX[ FRQWHQDQW GHV 0,V &KDTXH FULVWDO FRQW
OD ODPH PLQFH HW SODFp GDQV XQ SORW HQ ODLWRQ TXL HV
GH VpFKDJH OH SROLVVDJH FRPPHQFH LO V{DJLW SRXU FK
OfDIIOHXUHPHQW &HFL LPSOLTXH XQ SROLVVDJH LQGLYLG XH (¢

HW SXLV GLDPDQWpV UHFRXYHUWYV GH GLDPDQWV Gt
(Q VXLYDQW FH SURFHVVXV WRXWH WUDFH GYpSR[\ HW OHV S
HW LO HVW SRVVLEOH GYREWHQLW XQH VXUIDFH QHWWH HQ Y

&KDTXH SORW FULVWDO HVW DORUV REVHUYp DX PLFURVFRS
DIIHFWpHV SDU GHV IUDFWXUHV 'H SOXV OHV 0,V SHXYHQW
TXH GH OD GLIIXVLRQ HQWUH OD 0, HW OH PLQpUDO K{WH OD
OHV UDUHV 0,V FRQWHQDQW GHV PLQpUDX[ ILOV RQW pWp V\V!
YLVXHOV GHV SURFHVVXV GLIIXVLIV OHV 0,V UHWHQXHV R
FDUDFWpULVWLTXHYV SHUPHWWDQW GH UHMHWHU OHV 0,V QR
YDULDEOH DOODQW GH —P —P GH FRXOHXU EUXQH HW
RX HQ FULVWDO QpJDWLI &HUWDLQHV VRQW DIIHFWpHYV SDU
PLFURVFRSH RSWLTXH (OOHV QTRQW GRQF SDV pWp UHWHQX
XQH EXOOH GH UpWUDFWLRQ WKHUPLTXH ,0 QTD SDV pWp RE

1% /HV WHFKQLTXHV DQDO\WLTXHV XWLOLVpHV SRXU OD SpW
&KDSLWUH ,,,
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1.2Verre matriciel

1.2.1 Meéthode classigue

3RXU HVWLPHU OH GpJD]DJH GHV pODPH @BVP YR KRR BHOp WU RO
FRPSDURQV OHV WHQHXUV HQ FHV pOpPHQWY DX VHLQ GHV 0,
VXSBRVTXH FHOOHV FL RQW FRQVHUYp OHXUV WHQHXUV LQLW
PDWULFLHO 90 TXL FRUUHVSRQG DX PDJPD FRPSOpWHPHQ
PDWULFLHO SRXU DQDO\WH HVW EHDXFRXS SOXV VLPSOH TXH
XQH IUDFWLRQ GX EUR\DW UpDOLVp SRXU OHV 0,V GH OD PRQ
UpVLQH HW GH ILQDOHPHQW SROLU OD UpVLQH DILQ GH SUR
DGpTXDWH j OD PLFURVRQGH

1.2.2 Meéthode idéale pour la thermobarométrie

'‘DQV OH EXW GTHVWLPHU OHV GHBUMHQ@WHWY KRQGILWIRMHV G,11]
PDWULFLHO HW XQ FULVWDO LO HVW SOXV TXH VRXKDLWDEO
O1TXQ GH OYDXWUH

‘g ORUV OH FDV OH SOXV IDYRUDEOH HVW SUpVHQWpP SDU (

GIWVPDWHVMRR XU XQ VHXO FULVWDO /H FULVWDO FRQWLHQW I
PDWULFLHO LO HVW GRQF SRVVLEOH GYpWXGLHU GHX[ FRXSC
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9HUU

&ULVWD

—P —P

Figure 1: Cristal de clinopyroxéne contenant une MI en cristal-négatif et entouré de verre matdeielEu SS vS o[ Spu
deux couples PF.

(Q UDLVRQ GH OfXWLOLVDWLRQ GHV OLTXHXUV GHQVHV FHV |

RQW XQH GHQVLWp SOXV IDLEOH TXH OHV FULVWDX[ OLEUHV
OHV FULVWDX[ IHUURPDJQpPVLHQV

1.3Microsonde

/IHV pOpPHQWYV PDMHXUV HW YRODWLOV

6 &0 HW ) RQW pWp
6;

GX /' DERUDWRLUH ODJPDV HW 9ROFDQV HQ XWLOLVDQW X
NH9 /HV FDOLEUDWLRQV HW WHPSV GH FRPSWDJH XWLOLVp

/HV FULVWDX[ K{WHV RQW pWp DQDO\VpV VRXV IDLVFHDX SRQ
GH OD WDLOOH GHV LQFOXVLRQV PDJPDWLTXHV QRXV DYRQV
DOODQW GH |j —P SRXU XQ FRXUDQW GH Q$ SRXU OfDQ

Q$ SRXU OHV YRODWLOV $ILQ GYDPpOLRUHU OD SUpFLVLRC
GIDQDO\WHV FRQVpPFXWLYHV RQW pWp UpDOLVpV VXU FKDTXH
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WHQX FRPSWH GHV YDULDWLRQV GH OD UDLH .. GX VRXIUH HC
HW &DUPLFKDHO GDQV OH EXW GH PHVXUHU SUpFLVpPHQV

7TDEOHDRQGLWLRQV DQDO\WLTXHV SRXU OHV PHVXUHV | OD
ORXQH HW DO /IHV WHPSV GH FRPSWDJH HQ VHFRQGHYV

/ID SUpFLVLRQ j 1 GRQQH GHV LQFHUWLWXGHV GH PRLQV Gl
OfH[FHSWLRQ GH D®Q2 /D UWSURGXFWLELOLWp HW OD SUpFL

RQW pWp YpULILpHV HQ DQDO\WDQW SOXVLHXUV IRLV OH
7TKRUQEHU HW DO

TDEOHBKMSURGXFWLELOLWp HW HVWLPDWLRQ GH OD SUpFLVLR
I MpFDUW W\SH HVW GRQQp HQWUH SDUHQWKqgVHV /HV YDOH

UplpUHQFH SRXU FH VWDQGDUG -DURVHZLFK HW DO 7K
SRLGV
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1.4Thermobarométrie

/IHV WHSKUD KLVWRULTXHV GH *UtPVY|WQ VRQW GHV WKROpL
SURGXLWY GHV 3X\V GH /D 9DFKH /DVVRODV TXL VRQW GHYV
GIXWLOLVHU GHV WKHUPREDURPqQWUHYV FDOLEUpV SRXU FHV |

/IHV PRGgOHV WKHUPREDURPpWULTXHYVY S H[ 3XWLUND
PDMHXUV GH SKDVHV PLQpUDOHV HW GX YHUUH SRXU GpW
FULVWDOOLVDWLRQ GHV SKDVHV PLQpUDOHV 8QH IRLV OD S|
PR\HQQH GH OYfHQFDLVVDQW GX V\VWqPH PDJPDWLTXH G{XQ °
GH SURIRQGHXU GH VWRFNDJH PDJPDWLTXH pYHQWXHO

/D SOXSDUW GHV WKHUPRPgQWUHV HW EDURPqWUHV FDOLEUp
IRQGpPVY VXU OD SUpVHQFH GTXQ DVVHPEODJH PLQpPUDORJL®
FRPSRVLWLRQ FKLPLTXH D SX rWUHWFRXLEH @IUHDQHRBBWLRIQD
GH PLQpPUDX[ FRH[LVWDQWY RX GH FRXSOHV PLQpPUDO OLTXLG

/HV SULQFLSDOHV pTXDWLRQV XWLOLVpHV DX FRXUV
SDUIDSKHV VXLYDQWYV

1.4.1 Clinopyroxene-liquide

/IHV HVWLPDWLRQV WKHUPREDURPpWULTXHV RQW DLQVL pWp
HVVHQWLHOOHPHQW FHQWUpHVY VXU OD WKHUPREDURPpWUL!
LQFOXVLRQ PDJIJPDWLTXH RX YHUUH PDWULFLHO HQ XWLOLVD
FOLQRS\UR[gQH OLTXLGH XWLOLVH OD FRPSRVLWLRQ HQ MDG
HQ pTXLOLEUH DYHF OH OLTXLGH FRH[LVWDQW S H[ 3XWLUN

IJHVGRQQpPHV REWHQXHV VRQW HQV XLWGQOI MWHV V8 PVVG DY @H G R

. SXWLUND CHYVRQWLREPBWMHRVPWHY 'H SOXV OD IHXLOC
HVWLPDWLRQV WKHUPREDURPpWULTXHYVY GH 3XWLUND SR
GH FRPSDUHU OHV FRPSRVLWLRQV GX FOLQRS\UR[gQH PHVXUp
XQ VHFRQG WHVW SRVW DQDO\WH &HV GHX[ WHVWV DMRXWy¢
LQFOXVLRQV HW SODJHV GH YHUUH QRXV SHUPHWWHQW GH F
SKDVHV
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1.4.1.1Thermometres clinopyroxene Hiquide

Equation 33 de Putirka (2008) :

/D FDOLEUDWLRQ GH FH WKHUPRPqWUH SUpVHQWH XQ FRHIILI
HUUHXU DVVRFLpH HVW GH “ f& 6((

Equation 34 de Putirka (2008) :

/D FDOLEUDWLRQ GH FH WKHUPRPqWUH SUpVHQWH XQ FRHIILI
HUUHXU DVVRFLpH HVW GH “ f& 6((

1.4.1.2Baromeétres clinopyroxéne zliquide

Equation 30 de Putirka (2008) :

/ID FDOLEUDWLRQ GH FH EDURPQWUH SUpVHQWH XQ FRHIILFLHC
DVVRFLpH HVW GH * NEDU 6((

Equation 31 de Putirka (2008) :

/ID FDOLEUDWLRQ GH FH EDURPgQWUH SUpVHQWH XQ FRHIILFLHC
DVVRFLpH HVW GH * NEDU 6 ((
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/IHV WUDYDX[ GH OROOR HW DO ROW PRQWUp TXYLO pWDL
GH 3XWLUND SRXU pWXGLHU OHV SUHVVLRQV HW WHPSy
OLTXLGH EDVDOWLTXH

4 XHOTXHVY HVWLPDWLRQV WKHUPRPpWULTXHV RQW pWp REW
SODJLRFODVH OLTXLGH $ FKDTXH IRLV XQH REVHUYDWLRQ
GTpOLPLQHU OHV VLWXDWLRQV GH GpVpTXLOLEUH pYLGHQWH)

1.4.2 Olivine-liquide

ITpPWXGH GX H[ 5RHGHU HW (PVOLH +HU]JEHU

7TRSOLV QRXV D FRQWUDLQW j UHMHWHU OD PDMRULW
OfpTXLOLEUH ROLYLQH OLTXLGH

Equation 19 de Putirka (2008) :

/D FDOLEUDWLRQ GH FH WKHUPRPqQWUH SUpVHQWH XQ FRHIILI
HUUHXU DVVRFLpH HVW GH “ f& 6((

1.4.3 Plagioclase-liquide

IMpTXLOLEUH SODJLRFODVH OLTXLGH SHUPHW GHV FDOFXOV \
EDVp VXU OfYpFKDQJH DQRUWKLWH DOELWH GDQV OH SODJLR
FROWUDLQWH GH UHVSHFWHU XQSRXU7KE®HSOXV GH f& 3XW

FH TXL HVW WUQV SHX SUpFLV HW QH QRXV SHUPHW SDV
WUQV pWHQG XH

Equation 24a de Putirka (2008) :

/D FDOLEUDWLRQ GH FH WKHUPRPgWUH SUpVHQWH XQ EFRHIILI
HUUHXU DVVRFLpH HVW GH “ f& 6((
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1.4.4 Méthode OPAM

(QILQ OD PpWKRGH 23%$0 ROLYLQH SODJLRFODVH DXJLWH PHC
GHV HVWBPDSRDRIQOHY EDVDOWHY WKROpPLLWLTXHV D pWp XWI
UpVXOWDWVY FRPSDUpV DX[ HVWLPDWLRQV WKHUPREDURPpWU
GH 3XWLUND (Q UDLVRQ GX FDUDFWQqUH OpJqUHPHQW SO
9DFKH /DVVRODV FHWWH PpWKRGH QTHVW SDV DSSOLTXpH Gl
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x

*UtPVY|WQ

HW

Annexes de Grimsvotn
&RPSRVLWLRQV HQ pOpPHQWY PDMHXUV GHV FULVWDX][

&RPSRVLWLRQ HQ pOpPHQWY PDMHXUV HW YRODWLOV GX
GH *UtPVY|WQ

&RPSRVLWLRQ HQ pOpPHQWY PDMHXUV HW YRODWLOV GH
HW GH *UtPVY|WQ

(VWLPDWLRQV WKHUPREDURPpWULTXHV SRXU OHV pUXSW
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. &RPSRVLWLRQV HQ pOpPHQWYV PDMHXUV GHV FULVWDX[ GHV pUXSWLRQV
,, D&ULVWDX[ (UXSWLRQ GH *UtPVY|WQ
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,, E&ULVWDX[ (UXSWLRQ GH *UtPVY|WQ
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,, F&ULVWDX[ (UXSWLRQ GH *UtPVY|WQ

203



,, F&ULVWDX[ (UXSWLRQ GH *UtPVY|WQ

204



,, G&ULVWDX[ (UXSWLRQ GH *UtPVY|WQ
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,, G&ULVWDX[ (UXSWLRQ GH *UtPVY|WQ
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,, G&ULVWDX[ (UXSWLRQ GH *UtPVY|WQ
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. &RPSRVLWLRQ HQ pOpPHQWY PDMHXUV HW YRODWLOV GX YHUUH PDWULFLHO GHV p
,, DOHUUH PDWULFLHO (UXSWLRQ GH *UtPVY|WQ

,, EOHUUH PDWULFLHO (UXSWLRQ GH *UtPVY|WQ

,, FOHUUH PDWULFLHO (UXSWLRQ GH *UtPVY|WQ

,, GOHUUH PDWULFLHO (UXSYWHMR @ GHLIHIBVMPLQUHY OLJQHV GH FH WDEOHDX SURYLHQQC
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, &RPSRVLWLRQ HQ pOpPHQWY PDMHXUV HW YRODWLOV GHV LQFOXVLRQV PDJPDWLTXI

., DLQFOXVLRQV (UXSWLRQ GH *UtPVY|WQ

,, E,QFOXVLRQV (UXSWLRQ GH *UtPVY|WQ
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., F,LQFOXVLRQV (UXSWLRQ GH *UtPVY|WQ
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., GQFOXVLRQV (UXSWLRQ GH *UtPVY|WQ
*UtPVY|WQ GRQQpHV GH 6LIJPDUVVRQ HW DO
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*UtPVY|IWQ'RQQpHYVY GH FHWWH pWXGH
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*UtPVY|WQ 'RQQpHYVY GH FHWWH pWXGH
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., H OR\HQQH GHV WRWDX[ HQ pOpPHQWY PDMHXUV HW FRQFHQW
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. (VWLPDWLRQV WKHUPREDURPpWULTXHV SRXU OHV pUXSWLRQ
VXU OHV pTXDWLRQV GH 3XWLUND IHV WHPSpUDWXUHYV VRQW

,, D (UXSWLRQ GH *UtPVY|WQ

,, E (UXSWLRQ GH *UtPVY|WQ
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., F (UXSWLRQ GH *UtPVY|WQ
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., G (UXSWLRQ GH *UtPVY|WQ
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,, G (UXSWLRQ GH *UtPVY|WQ
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I Annexes des Puys de La Vache-Lassolas

) QR &RPSRVLWLRQ HQ pOpPHQWY PDMHXUV GHV FULVWDX[ GH

) G &RPSRVLWLRQ HQ pOpPHQWY PDMHXUV HW YRODWLOV GF
GH OfpUXSWLRQ GHV 3X\V GH /D 9DFKH /DVVRODYV

X (VWLPDWLRQV WKHUPREDURPpWULTXHV SRXU OfpUXSWLR
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[1] Sulfur concentrations have been measured in 28 ntelst the consistency between these two methods came during
inclusions (MIs) in plagioclase, clinopyroxene, and olivinthe 2011 eruption of Grimsvétn volcano, Iceland.
crystals extracted from tephra produced during the explosive
eruption of Grimsvétn in May 2011. The results are compared The 2011 Grimsvétn Eruption
to sulfur concentrations in the groundmass glass in order to . . .
estimate the mass of sulfur brought to surface during thés] Grimsvotn is the most active volcano in Iceland,
eruption. Satellite measurents yield order of magnitudelocated beneath the Vatnajokull ice sheet. A subglacial cal-
lower sulfur (~0.2 Tg) in the eruption plume than estimatét¢ra lake is maintained by extensive geothermal activity
from the difference between MI and the groundmass gladéading to periodic water outbursvods or jokulhlaups that
This sulfur“de cit’ is readily explained by sulfur adheringmay empty the lake. The resulting pressure release is often
to tephra grains but principally by sde globules causedfollowed by a small eruption such as the November 2004
by basalt-sulde melt exsolution before degassing. A magguption, which produced 0.02 RDRE (dense rock equiv-
balance calculation reveals that approximately ~0.8 Tg @ent) volume of basaltic tephra [e.ghorarinsson 1974;
SO, is present as globules, representing ~50% of the tatdPino et al, 2010;Jude-Eton et a] 2012]. The 2011 erup-
sulfur budget. Most of the sule globules likely reside tion began at 19 UTC on 21 May. The plume quickly rose
at depth due to their elevated density, for potential latér 20-25 km [Petersen et al 2012] impacting aviation in
remobilization by new magma or hydrothermal circulatioflorthern Europe. The eruption ended on 28 May having
Citation: Sigmarsson, O., B. Haddadi, S. Carn, S. Moun®roduced an order of magnitude larger volume of magma
J. Gudnason, K. Yang, and L. Clarisse (2013), The sulfur buddB&n in 2004, or approximately 6:@.3 kn? DRE, with
of the 2011 Grimsvétn eruption, Icelan@eophys. Res. Lett. tephra fallout detected outside Iceland in Jan Mayen, the
40, 60956100, doi:10.1002/2013GL057760. British Isles, and Scandinavi&{idmundsson et al2012].
Most of the magma was erupted during thst 2 days, and
its composition was uniform, namely a quartz normative tho-
. leiitic basalt typical of the last 7000 years of activity at
1. Introduction Grimsvétn Pladéttir et al., 2011a)]. It has sparse phenocrysts
[2] Sulfur degassing from hot spot-related volcanoes is afiplagioclase (plag), clinopyroxene (cpx), and olivine (ol) in
important contribution to the total mass loading of the atm@ecreasing order of abundance. The ubiquitous presence of
sphere [e.gWallace 2001]. The mass loading of sulfur carmagnetite and rare occurrence of si@ globules in the
be estimated directly from satellite measurements of sulfur211 tephra are observed here for th& time in Grimsvétn
oxide in the eruptive plume or indirectly from the difference ileposits (Figure 1).
sulfur concentrations in pristine melt inclusions (MlIs) and[4] Four ne-grained tephra samples were collected during
outgassed groundmass glass (the so-called petrologic metktagleruption on the lowland 485 km south of the volcano
[Devine et al 1984]. The sulfur budget at volcanoes from sulithree samples collected at different localities on a transect
duction zone settings is often underestimated by the petrolagi®ugh the tephra fall sector (G:8) during the rst erup-
method but at hot spot-related volcanoes, a relatively gaish night and a bulk sample representing thet 4 days of
agreement has been found from both methods fgh@rma the eruption (Gv4)). In addition, near-vent lapilli-sized tephra
et al, 2004;Moune et al 2007]. An excellent opportunity to from the rst eruption day was later sampled on the caldera
rim 1 km south of the eruption site (sample Gv2011-D).

—_— o ) ] ) ~ The 2011 tephra is composed of glass-g%6) with only
Additional supporting information may be found in the online version ‘1_5% of visible crystals

this article.
LMV, CNRS-UBP-IRD, Clermont-Ferrand, France.
2ISE, University of Iceland, Reykjavik, Iceland. 3. Analytical Methods and Results
3Department Geological Mining Engineering and Sciences, Michigan

Technological University, Houghton, Michigan, USA. 3.1. Petrologic Estimate of S Degassing

4Atmospheric Chemistry and Dynamics Laboratory, NASA Goddard .. .
Space Flight Center, Greenbelt, Maryland, USA. [s] Olivine, cpx, and plag crystals were handpicked under

SDepartment of Atmospheric and Oceanic Science, University afbi_noqular mi(_II‘OSCOPG from the HA%0 and 250600 m
Maryland, College Park, Maryland, USA. o ' grain size fractions of crushed tephra. Crystals with Ml were

Spectroscopie de Atmosphére, Service de Chimie Quantique ejygshed with acetone, embedded in epoxy and polished indi-
Photophysique, Université Libre de Bruxelles, Brussels, Belgium. vidually to generate adequate exposure of the MI for in

Corresponding author: O. Sigmarsson, LMV, CNRS-UBP-IRD, 5 n@itu electron probe microanalysis. The Mls are spherical to
Kessler, 63038 Clermont-Ferrand, France. (olgeir@opgc.univ-bpclermontdplate in shape and range in size from 5 to 18@ Most
©2013. American Geophysical Union. All Rights Reserved. Mis Contair[ shrinkage bubbles but all are t(_)t?-”y deprived of
0094-8276/13/10.1002/2013GL057760 daughter minerals. In total, 19 crystals containing 28 Mls were
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Figure 1. Backscattered electron images of (a) phenocryst-poor but microlite-rich glass, (b) phenocryst-rich tephra grain
with euhedral plagioclase, clinopyroxene, and titanomagnetite in a microlite-free glass, anddé&)ykbule in tephra
Gv2011-D. (d) Melt inclusion in clinopyroxene.

selected and prepared for analysis. The number of host cry®8als Satellite-Based S@and H,S Measurements

with MI re ects the relative abundance in the phenocrystg \we use ultraviolet (UV) measurements from the Ozone
assemblage; 21 Mls in 13 plag, 6 in 5 cpx, and a single 1jjibnitoring Instrument (OMI) aboard NAS#polar-orbiting
an ol. The groundmass is composed of glass patches with Yajra satellite to quantify SOemissions during the 2011
iable microlite contents ranging from those that are completelyimsvatn eruption. Although OMI data are currently im-
free of microlites to heavily crystallized groundmass. acted by a sensor anomaly that reduces the spatial cover-
[] Major elementand s_ulfurconcentratlons were measur;;\éie of the sensoChrn et al, 2013], the high latitude of
on a Cameca SX-100 microprobe at Laboratoire Magmassmsvetn mitigated this by providing numerous overlapping
Volcans in Clermont-Ferrand, France. The results are giv8fy| orbits that covered the S@loud. The eruption began
in Table S1 in the supporting information, and analyticgite in the afternoon of 21 May, and thest complete cover-
details and uncertainties are listeddladottir et al [2011b] age of the eruption cloud by OMI (daytime only) occurred
andMoune et al[2012]. The largest Mis were analyzed withyn 22 May at ~11:50 UTC. A notable feature of the eruption
a spot diameter of 20m and sample current of 8 nA, whereagas a distinct separation of the SOand ash-rich portions
the three smallest Mis were analyzed with a beam of onlyyiihe volcanic cloud (Figure 2), with the ash cloud advected

m and a current as low as 2 nA. Most Mis are of basaltig,th and then east of Grimsvétn at lower altitudes, while
composition, but three basaltic icelandite compositions grg stratospheric SQrifted north.

observed as well. The groyndrr]ass glass composition is COMy] Operational OMI S@retrievals using the lineat (LF)
parable to that of other Grimsvétn tephra. algorithm [rang et al, 2007], assuming a lower stratospheric
[7] Sulfurconcentrations inthe Ml vary from 1311 to 1983ytityde (note that the precise SaMitude has little impact on
ppm (Table S1), whereas lower values are measured in ¢t loading above ~10 km), detected ~0.2 Tg of,S®
groundmass glass (449 to 895 ppm; mean =651+ 52 (2 &g eruption cloud on 22 May. Errors on S@trievals are
ppm; 26 glass grains; Table S2). The microlite-free glass Bagimated to be ~20%. A peak Sloading of ~0.3 Tg was
higher S concentrations than tadbat are rich in microlites, measured by OMI on 23 May when the volcanic cloud had
suggesting degassing induced crystallization. The S concerifread over eastern Greenland and the Greenland Sea. In
tions in the Ml exceed the sule saturation curve of submarinerder to exclude the potential underestimation of large SO
mid-ocean ridge basalt glasses [eWallace and Edmongds column amounts by the LF algorithm, we also analyzed
2011] in accordance with the presence of delglobules extended iterative spectral (EISF) retrievalsYang et al,
in Grimsvétn 2011 tephra (Figure 1c). Sié saturation and 2010] for the Grimsvétn plume. The EISF measurements
known sulfur content at sulle saturation (SCSS) level inwere commensurate with the LF results, providing dence
basalts Jugo, 2012] suggest that the Grimsvotn magnia the calculated SQloadings. The S@loading gradually
has oxygen fugacity close to fayalite-magnetite-quartz. decayed after 23 May, with remnants of the stratospheric
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(a)

(b)

(c)
Figure 2
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Figure 3. Variations of S, MgO, and O concentrations (in weight %) in melt inclusions (MIs) and groundmass glass in
tephra samples Gv2011-D and GV-4. (a) Groundmass glass compositions form a linear’ar@y? ()R upon which Ml

in olivine and several Mls in plagioclase plot. Other plagioclase (plag) Mis are subject to host crystallization as shown by
a vector extending from the plag composition at the origin. Same holds for Ml plotting above the groundmass glass array.
Three Mls in clinopyroxene (cpx) with lowest MgO concentration lie on a vector from the cpx composition passing through
the most primitive cpx MI. (b) Initial S concentration is estimated by extrapolating@e&d&hcentrations measured in the

most primitive cpx Ml along the melt differentiation vector toward the groundmass value (from 0.4 to 0.5% vyielding initial

S of 1750 ppm). This value is indistinguishable from that measured in the most primitive plag MI (1772 ppm) and close to
the average cpx Ml value (1558 ppm; see text for further discussion). The vertical arrow indicates sulfur decrease caused
by combined basalt-sule melt immiscibility and sulfur degassing.

SO, cloud detected by OMI until early June. We estimate[11] Textor et al [2003] modeled scavenging of volcanic
an e-folding time of ~1615 days for the stratospheric O gases on hydrometeor-ash aggregates in eruption columns,
and extrapolation of the daily $S@adings back to the erup-concluding that 80% of sulfur gases (S&hd HS) would
tion time yields an initial S©@mass within the 20% error reach the stratosphe®lsson et al [2013] have estimated
on the peak measured value of 0.3 Tg. The &@issions dur- from leaching experiments on freshly fallen 2011 Grimsvotn
ing the 2011 eruption of Grimsvétn were around an ordertephra that approximately 118 Gg of S were sequestered on
magnitude higher than those measured by OMI during it& volcanic ash during the eruption. In conjunction with the
November 2004 eruption, which concurs with the differesatellite measurements, this implies that a total of 0.31 Tg of
magma volumes erupted. S was emitted during the 2011 Grimsvétn eruption, of which
[10] Other potentially signicant sulfur species in diver-0.192 Tg reached the stratosphere and 0.118 Tg (~38%) was
gent plate volcanic gases argHand $ [Symonds et gl scavenged in the eruption column. We suggest that this high
1994]. The latter is not measurable using remote sensgogvenging eftiency (38% cf. 20% estimated bgxtor et al
techniques but to assessIHemissions from Grimsvotn, we[2003]) re ects the wet nature of the subglacial Grimsvétn
use satellite data from the Infrared Atmospheric Soundiaguption, with abundant hydrometeors.
Interferometer (IASI) aboard MetOp-E&lparisse et al 2011].
IASI measured a maximum of 29 Gg of%ion 22 May, collo- . -
cated with the S®cloud; this is only the second reporte(fl' Discussion
satellite-based detection of,&lin a volcanic plume after [12] The sulfur concentration in the melt before degassing
the 2008 Kasatochi eruptio@larisse et al 2011]. IASl also can be estimated from the measured concentration in the
measured ~0.3 Tg of Sn the Grimsvotn volcanic cloud, MI. The regular increase inJO, with decreasing MgO con-
corroborating the OMI data. This yields 34SGQ mass tentin the groundmass glass (Figure 3a), permits assessment
ratio of ~0.1, which is similar to average ratios reported fof the signi cance of the S concentrations in the different
directly sampled rift volcanic gases derived from tholeiitiells. These variable S concentrationsea#, in part, host
basalts (0.06)3ymonds et 311994]. Based on this concur-crystallization of the initial MIl. Such crystallization can be
rence, we use reported/SO, ratios Bymonds et 311994] readily corrected for olivine, which has a well-ded equi-
to estimate a maximum,®ading of ~15 Gg. Hence, the to-librium Ky of Fe and Mg exchange between melt and crystal
tal estimated sulfur loading based on satellite data is 150 [Bgy.,Roeder and Emsli@970]. Corrections for cpx and plag
(as SQ)+27 Gg (as HS)+15 Gg (as §=0.192 Tg S. crystallization are less straightforward. Therefore, we use the

Figure 2. Aura/OMI measurements of $@olumn amounts in the Grimsvétn eruption cloud on (a) 22 May (b) 23 May, and
(c) 24 May. Volcanic ash is indicated by positive values of the UV aerosol index. Note the distinct separation of tropospheric
ash and stratospheric §@ue to strong vertical wind shear. Triangle indicates the location of Grimsvétn.
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Table 1. Calculation of S Budget in Grimsvotn 2011 Erupfion

m(S) S;>ate||ite SH_eachate S_ake SGlobules (Density) VDRE S(Initia\l) S(Groundmass)
Values 073Tg  0.19Tg 0.12 Tg 0.037 Tg 0.38Tg  1.998 2750 kg nd.25 knf 0.1750 wt% 0.0687 wt%
Errors +25% +30% +30% +30% +51% +2% +20% +7% +14%

Contribution to the S©Budget

Mean m(SQ) 1.47Tg 0.38 Tg (26%) 0.24 Tg (16%) 0.07 Tg (5%) 0.78 Tg (53%)
Minm(SQ) 1.10Tg 0.38Tg (35%) 0.24 Tg(22%) 0.07 Tg (6%) 0.41 Tg (37%)
Maxm(SQ) 1.82Tg 0.38Tg(17%) 0.24 Tg (11%) 0.07 Tg (3%) 1.13 Tg (62%)

®m(S) and m(SQ: total masses of S and $Qrespectively, exsolved during the Grimsvétn 2011 erupticnMW(SO,)/MW(S); DRE: dense
rock equivalent.
m(SQ) = X m(S); m(S) =X VDRE X (S(inilial) S(groundmasg)

relationship between two incompatible elements in plagylfur ux of 5.33 x 16 kg/yr from Grimsvétts lake compo-
namely K0 and MgO (Figure 3a). The Mls forming a lineasition and volumes of jokulhlaups, which gives 37 Gg over
correlation extrapolated from the origin are clearly affectéte 7 years repose period preceding the 2011 eruption. The
by plag host crystallization. Other Mls in plag that have sigaass balance for the S budget in the Grimsvétn 2011 eruption
ni Cantly higher Mgo and b() than the groundmass glas$s thus $1itia| (Sgroundmass gla§§ Ssatellite"' Seachate"' Sake"'

may have also experienced host crystallization. The plg, ¢e giobud =0. INput values and associated errors are
MI (G1-D1) with abnormally high MgO and lowest S conlisted in Table 1 together with average, minimum, and max-
centration is clearly an outlier, possibly a xenocryst in th@um proportions of each sulfur budget component.

2011 magma. By the same token, the cpx MIs with the lowesti14] On average, 16% of the sulfur adheres to the tephra
MgO concentration lying on a vector extrapolated from tlgdass, 26% are degassed as sulfur, 5% were lost to the lake,
concentrations measured in the ferromagnesian mineeaid 53% of the S is conserved as si@ globules. The sutle

(cpx and ol with respectively MgO and,® concentrations globules will form a sink at depth due to their elevated
equal to 17.4; 0.02 and 37.5; 0%) may have been affectéghsity as is observed in cumulate nodules from Piton de la
by host crystallization as well. The initial S concentratidfrournaise, Réunion Islan@€¢llins et al, 2012]. These sul-

in the magma thus appears best represented by the relativelys may be subsequently remobilized by incoming fresh
primitive cpx Mls with 8 MgO> 6%. We note that these basaltic magma, undersaturated inde| possibly via reactions
Mis lie at the low KO and high MgO end of the differentia-such as % Qgasyt FESsul de)= FEQsiicate melyt 72 Sy(gas)

tion trend of the groundmass composition as expected Adternatively, a possible sulfur ore deposit will react with hy-
a parental magma composition for Grimsvétn. These twoothermal solutions having varialbl@./f S, during the heat

Mis have KO values close to 0.4%, whereas the degassmihing of basaltic intrusions beneath the geothermal system
groundmass glass has averag®kf 0.5%. We have there-that maintains the subglacial lake at Grimsvétn.

fore corrected their S concentration for 20% fractional crystal-

lization (needed to explain® increase from 0.4 to 0.5%) :

[seeMoune et al 2007] to obtain an initial S concentrationS' Conclusion

(Sitiar) Of 1750 (+ 125; 2) ppm (Figure 3b). A plag Ml that [15] The sulfur budget for the 2011 Grimsvotn eruption can-
plots close to these two cpx MIs has sulfur concentration fdt be simply treated as initial S in Ml minus residual S in
1772 (+ 58; 2) ppm that is indistinguishable from our&, groundmass equals sulfur released in a gas phase. We propose
estimate. Itis worth noting that this selective choice of MI do#at 50% of the sulfur was retained in an immiscible dil

not affect the outcome of this paper since the average complase (globules) at depth. In such cases, remotely measured
sition of all Mls in cpx yields an initial S concentration lessulfur emissions will only account for the minimum quantity
than 10% lower X=1558 (+ 440; 2) ppm instead of esti- of sulfur brought to the surface in an explosive eruption.
mated 1750 (x 125; 2 ppm), which is within the error of

our approach_ [16] Acknowledgments. We are grateful to Gudrun Larsen, Sigrun

[13] The mass of sulfur exsolved from the initial magma C#ﬁeinsdottir, Thora Arnadotti, Magnus T. Gudmundsson, Thorvaldur
hordarson, Armann Hoskuldsson, and Freysteinn Sigmundsson for discussions
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MW(S) =64.06/32.06, =2750 kg m 3 [McBirney 2006] Peter Kelly, and Roberto Moretti led to sigrent improvements. This study

_ L .~ was partially supported by the Iceland Science Fund (Volcano Anatomy grant),
and Vore=0.25 kn?. This y'EIds 1.47+0.37 Tg (2 that is the French ANR DégazMay project, French-Icelandic sciertticollaboration

an order of magnitude larger than the sulfur loading fropfojectJules Verné, and an EC Supersite Programme (FutureVolc), all of
the satellite data. The considerably lower S concentratidish is gratefully acknowledged. SC and KY acknowledge support from

; : SA through the Aura Science Team (grant NNX11AF42G). This is the
in the groundmass glass relative to the MI thus cannot [ oratory of ExcellenceClervolc’ contribution #81.

explained by S degassing only. Presence ofdauflobules [17] The Editor thanks Robert Moretti and an anonymous reviewer for

demonstrates that swe saturation had been reachedheir assistance in evaluating this paper.

which therefore presents a sulfur sink. In addition, ~118 Gg
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Magma storage beneath Grimsvotn volcano, Iceland, constrained
by thermobarometry and volatiles in melt inclusions

%+DGGRGEALIPDUWR®/DUVHQ

/IDERUDWRLUH ODJPDV HW 9ROFDQV 8QLYHUVLWpP &OHUPRQ
8QLYHUVLWDLUH GHV &p]HDX] $YHQXH %ODLVH 3DVFDO

, QVWLWXWH RI (DUWK 6FLHQFHVY 8QLYHUVLW\ RI ,FHODQG
ERWIBEHRQGLQJ DXWKRU | EARBS@®IGARSBH F+ DG GD G L

Key Points:

Xx 0OLG FUXVWDO FU\VWDOOL]J]DWLRQ GHSWK XQGHU *UtPV
DERYH WKH ,FHODQG PDQWOH SOXPH

X 'LITHUHQW HUXSWLRQ UHJLPHYVY DUH GXH WR LPSRUWDQV

X 6XOIXU FRQFHQWUDWLRQ DQG EXGJHW FRUUHODWH ZL\
HVWLPDWLRQV IRU ROGHU HUXSWLRQV

Key words:

x *UtPVY|WQ YROFDQR WKHUPREDURPHWU\ PHOW LQFOX
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$SEVWUDFW

%DVDOWLF HUXSWLRQV DW *UtPVY|WQ YROFDQR ,FHODQG
RFFDVLRQDOO\ DQ RUGHU RI PDJQLWXGH ODUJHU HUXSWLR
WKLV GLIIHUHQFH FU\WWDOOL]J]DWLRQ FRQGLWLRQV RI WK
WKHUPREDURPHWU\ DQG WKH GHJDVVLQJ IURP YRODWLOH
0, DQG JURXQGPDVV JODVVHV 7HSKUD RI WZR RI WKH ODU
DQG WZR PXFK VPDOOHU HUXSWLRQV DQG ZHUH LQ
HVWLPDWHV RI FU\WWDOOL]DWLRQ DUH REWDLQHG WKURX
SDLUV ZKHUH ERWK FU\WWDOV DGMDFHQW WR DQG LQ WH]|
WKDW RI PHOW LQFOXVLRQV 0, ZHUH PHDVXUHG $YHUDJ
FRUUHVSRQGLQJ WR DSSUR[LPDWHO\ NP GHSWK zZDV R
WHPSHUDWXUH UDQJH f& 6XOIXU DQG FKORULQH FI
ODUJHU HUXSWLRQV WRJHWKHU ZLWK ORZHU JURXQGPDVYV
HUXSWLRQV 6XOIXU FRQFHQWUDWLRQ DQG EXGJHW FRUUHC
WKHLU HVWLPDWLRQV IRU ROGHU HUXSWLRQV +LJKHU YR
HUXSWLRQV UHIOHFW LPSRUWDQW UHFKDUJH RI JDV ULFK
UHJLPHV 6LPLODU GHSWKV DUH REWDLQHG IRU EDVDOW RI
SULRU WR *UtPVY|WQ HUXSWLRQV DQG WR D ORZ UHVLVWLY
7KHUHIRUH DQ LPSRUWDQW PDJPD VWRUDJH LV LQIHUUHG
,FHODQG PDQWOH SOXPH )LQDOO\ WKH SRWHQWLDO FRQV
PHDVXUHG YROFDQR GHIRUPDWLRQ LV GLVEXVVHG

1. Introduction

7KH FRQILJXUDWLRQ RI PDJPD V\VWHPV EHQHDWK DFWLYH |
KDV SURYHQ KDUG WR XQGHUVWDQG $W ."ODXHD +DZDLL
IURPVILQJOH VKDOORZ PDJPD ERG\ DOWHUQDWHV ZLWK Wi
BLHWUXV]ND @RZDWKHVH VKDOORZ PDJPD FKDPEHUV DUH U
IXUWKHU GHSWKV UHPDLQV XQFHUWDLQ ODJPD LV WKRXJK
NP EHQHDWW R IO-D ¥KDOORZ SDHJW RULWKW \D\YB@HEHLIK OHY H(
PDJPEKXDPEHU PD\ IHHG GLUHFWO\ WKH VXPPLW FDOGHUD D
ULIW HUXSWLRQV PD\ EH IHG GLUHFWO\3EHNWHXWNOWWRP
DQG UHIHUHQFHV WKHUHLQ@ $W 3LWRQ GH OD )RXUQDLVH
VWUMKKRXIK WKH OLWKRVSKHULF PDQWOH WR WKH EDVH F
DW DSSUR[LPDWHO\ NP GHSWK LV LQWHUSUHWHG DV PD.
VA\VWHHPOLFKRQ HW@ O%HQHDWK *UtPVY|WQ YROFDQR ,FHOTL
EHH@IHUUHG IURP FRPELQHG PDJQHWLF JUDYLW\ VHLVF
*XGPXQGVVRQ DQG $0QIMWRPHW M L QV Gy W W L@P6HW ZHH Q

DQG NPORZ YHORFLW\ ERG\ DW DSSUR[LPDWHODUR M\ HSM
> @ ZKHUHDV D ORJL PRGHO JLYHV GHSWK RHUH L QMG W WR
HW DO @ 'HIRUPDWLRQ SDWWHUQ RI *UtPVY|WQ FHQWUDC
VXJNWV DW OHDVW WZR5PVPHPURUHWRIOPIABLWLRQ WKH I
*UtPVY|WQ YROFDQR GLVSOD\V GLITHUHQW HUXSWLRQ UHJL
UHJDUGOHVV RI VLPLODU UHSRVH SHULRGY EHWZHHQ HUXS
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VLPLODU FRPSFWWH® @ VEDO VXJIJHVW D PRUH FRPSOLFDWH
WKDQ RQO\ D VLQJOH KLJK OHYHO PDJPD FKDPEHU ,W LV FI
WR Rl MKXVWDO PDJPD V\VWHP ZLWK PRVW RI WKH HUXSWH
GHSWK ,Q RUGHU WR EHWWHU FRQVWUDLQ WKH *UtPVY|W:¢
ZKLFK PDJPD GZHOW LV HVWLPDWHG WKURXJK WKHUPREDU
DUHRPSDUHG ZLWK WKRVH REWDLQHG RQ +ROXKUDXQ EDVD
%iUGDUEXQJD YROFDQLF V\WVWHP DQ QG WMWH. @DV R €& WRMBH -OHUX
> @Q DGGLWLRQ VXOIXU DQG FKORULQH FRQFHQWUDWL]
KLVWRULFDO HUXSWLRQV WZR ODUJHU SOLQLDQ DQG WZR
PDJQLWXGH ORZHU PDVV HUXSWLRQ UDWH 7KH UHVXOWV
UHRKB LQ FRQWUROOLQJ GLIIHUHQW HUXSWLRQ UHJLPH\
FRQFHQWUDWLRQV DQG EXGJHW Rl UHFHQW HUXSWLRQV L
EHW@HHXSWLRQ UHJLPH GHJDVVLQJ HIILFLHQF\ DQG YROX

2. Geolgical settings and sampling

2.1 Geological context

*UtPVY|WQ DQG %iUGDUEXQJD 9ROFDQLF & \RW HWPR/H D, H GOCRF
PDQWOH SOXPH 7KH IRUPHU FRPSULVHV D FHQWUDO YROFI
WKH 6: )JLJ 6 LQ WKH VXSSRUWLQJ LQIRUPDWLRQ SDUW
% PXQGVVR® ORVW HUXSWLRQV RFFXU LQVLGH WKH *UtPVY
HIFHSWLRQV VXFK DV WKH /DN [Z KORQUGS D U R OC8QBY HQ W
6LJPDUVVRQ H@&V PWtPVY|WQ FHQWUDO YROFDQR LV WKH PF
HUXSWLQJ DERXW RQFH D GHFDGB WRMHY HVKED GJ R M W RY IETKOND
6DNVXQDUYDWQ DVK DQ LPSRUWDQW WHSKURFKURQRORJ
ERXQGDU\ PRVW OLNHO\ RULJLQDWHG DW *UtHBH W) MW W

@ (UXSWLRQV ZLWKLQ WKH LFH FRYHUHG SDUW RI WKHI
SKUHDWRPDJPDWLF RU LL DOWHUQDWLQJ EHWZHHQ SKUHD
VXESOLQLDQ SOLQLDQ LQWHQVLW\ WHUPHIEHKHSBUWV DG
SUHGRPLQDQWO\ HIIXVLYH DQG DEOH WR SURGXFH IORRG EI
RI PDJQLWXGH VPDOOHU +ROXKUDXQ HUXSWLRQ RQ WKH
GHVFULEXGPEQGVVR® H@ DQG LWV ItDND BKRYHH BE@D 0 QG
*DXWKLHYU H& DO

2.2 Eruptions and tephra studied (Grimsvotn 1823, 1873, 2004 and 2011)

7ZR Rl WKH IRXU HUXSWLRQV VWXGLHG DQG DUH D
GXULQJ WKH KLVWRULFDO SHULRG LQ ,FHODQG ODVW Wt
UHPDLQLQJ WZR DQG DUH W\SLFDO ORZ LQWHQVLW
VDPSOH * EHJDQ LQ HDUO\ HEUXDU\ )HE “  GD\V

GLPHQVLRQV DUH LQIHUUHG IURP WKH OLPLWHG GHVFULS
JHEUXDU\ ZLWK PLQRU WHSKUD |DO®RXMNWMLBHER/E H SHOIDQ [
YROXPH LV XQNQRZQ EXW FRQVLGHUHG VPBGOQ 9D,QXDU)\Q

248



RU DQG WHSKUD IDOO * ZDV UHSRUWHG XQWLO -DQXD
ZDV RQ -DQXDU\ EXW VWHDP URVHKMWRFP)BEXXSWLR@ VLKWHH |
HUXSWYRSUABPHGHG E\ D PRGHUDWH 7M |RUKEDIKLADVXER @ Q G DLOVRL
HUXSWLRQ FROXPQ PD\ KDYH UHDFKHG 7TKRURBGIVH QVKH @
'HVFULSWLRQV RI WKH *UtPVY|WQ HUXSWLRQ FROXPQ [
XQXVXDOO\ ODUJH GLPHQVLRQ 9¢(, FRPSDUHG WR WKH SL
*UtPVY|WQ YROFDQLF V\VWHP LQ 7KH WHSKUD YROXPH |
RI VHYHUDO KXQGUHG7RRUDIURQ FBREQFKPEHWWILP:ODU WR WKD
HUXSWIKRIQ*UtPVY|WQ HUXSWLRQ * VWDUWHG DW ¢
ILYHRVGDYKH WHSKUD YROXPH ZDV FORVH WR PLOOLRQ FXE
ILUVW WZR GD\V 7KLV 9(, HUXSWLRQ RFFXUUHG LQVLGH W
DQG ZDV SKUHDWRPDJPDWLF LQ QDWXUDS @K RH ISHKIONKHW Rl k
NP-XGH (WRQ HW DO @ )LQDOO\ WKH PRVW UHFHQW *U
87& RAD\ DQG ODVWHG RQH ZHHN 7KH WHSKUD YROXPH
PHWHXYGEPXQGVVRQ HW ®©Q HUXBWLIKRY RFEXUUHG LQVLGH W
DV WKH SUHYLRXV HUXSWLRQV EXW DOWHUQDWHG EHWZH
SKDVHV RI VXESOLQLDQ WR SOLQLDQ LQWHQVLW\ PDUNHG
NP3IHWHUVHQ W DKHVH IRXU HUXSWLRQV DOO REFXUUHG
a \lPUV DQG ZHUH RI VLPLODU GXUDWLRQ 7KH YROXPHV Hl
PDIJQLWXGKRYDULQVYR®PXQGVVRQ HVGE D QWRQ H@& DO

3. Sample description and Methods

3.1 Samples
7TKH * DQG * WHSKUD RPVRXPRIOBHMWYKHGFDOGHUD LQ $X
GHHWULF ERPEV * 7 DQG * 7 ZHUH VHOHFWHG IUR
FRDOVHG IURP WKH YHU\ FUDWHUV LQVLGH WKH FDOGHUD Z
WKH HUXWSWLRQ GD\ LQ VDPSOH *Y ' ZDV FROOHFWHC

JUMHG WHSKUD VDPSOHV ZHUH FROOHFWHG RQJRBKUVIRROL
HW DO@ )RU FRPSDULVRQ ODYD DLQ)® KMH S KWl eDUREGOQRIHDG
ULIWLQJ HYHQW ZHUH LQFOXGHG LQ WKLV VWXG\

3.2 Melt inclusion preparation

20LYLQH FOLQRS\UR[HQH DQG SODJLRFODVH KHUHDIWHU
KDQGSLFNHG XQGHU D ELQRFXODU PLFURVFRSH IURP WKH
IUBVERQV Rl FUXVKHG WHSKUD 7R IDFLOLWDWH WKH KDQ
GLLRGRPHWKDQH ZHUH XVHG WR VHSDUDWH FU\WWDOV Il
PLQHUDOV &U\WWDOV ZLWK PHOW LQFOXVLRQV 0, ZHUH Z
DQG SROLVKHG LQGLYLGXDOO\ LQ RUGHU WR JHQHUDWH DG
SUREH PLFURDQDO\VLV (30$%$ 7KH 0, DUH VSKHULFDO WR R
WR P ORVW 0, FRQWDLQ VKULQNDJH EXEEOHV EXW DOO DU
DQG DUH SULPDU\ PRHOGAC H@F® WWRVRRY > FU\WWDOV FRQWDL
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VHOHFWHG DQG SUHSDUHG IRU DQDO\VLV 7KH * JURXQG
YDULDEOH PLFUROLWH FRQWHQWY UDQJLQJ IURP WKRVH WE
FU\WWDOOL]HG JURXQGPDVV )URP WKH OW IDRKGU D VL QUROW
ROLQH KRYWIHIWHDDGGHG WR WK R VBH JPIDY VHOQ GAMH TOMKXG \
* WHSKUD FS[ FRQWDLQLQJ 0,V DQG RO ZLWK 0, Z
FSEILWK 0, DQG O0,LQ RO ZHUH DQDO\]HG DQG FS[ KRV
6LIPDUVVRQ BMKMZHG WKDW PRVW 0, LQ SODJ IURP WKH
PRGLILHG E\ KRVW FU\WWDOOL]DWLRQ DQG 2 LVRWRSH UDW!|
2% LQGHPDQ H& MWH LQ RYHUZKHOPLQJ FDVHV RXW RI HTXL
JODVV 7KHUHIRUH SODJ ZDV QRW VWXGLHG LQ VDPH GHW
JURXQRWGY JODVV DURXQG HXKHGUDO FU\WWDOV ZDV DQDO\]t
HOVHZKHUH WR DFFHVV SRVVLEOH ERXQGDU\ HIIHFWV EDXV
HOHPHQWDO GLIIXVLRQ LQ WKH PHOW

3.3 Microprobe data acquisition

ODMRU DQG YRODWLOH 6 &0 ) HOHPHQW FRQFHQWUDWL
IDERUDWRLUH ODJPDV HW 9ROFDQV LQ &0HUPRQW )HUUDQ
GHVFUEBERHPDUVVRQ HW DO > @ $ NH9 DFFHOHUDWLQJ
XVHG HRPLWKUDO DQDO\WHYV 7KH ODUJHVW 0, DQG JURXQGP
GLDPRWHUP DQG D FXUUHQW Rl Q$ ZKHUHDV WKH VPDOO
EHDP DQG D FXUUHQW DV ORZ DV Q$ 7KH)RD WX Kb \DXQDVD VW
GHWDVWOIYQGDUGY DQG XQFH @ D®PDW QAU BHEVIEDEQOH. W HEEOL Q

7KHD.UD\ SRVLWLRQ RI VXOIXW2 2RD XREI) WRRO B VIVQ B DEW M K F

@

3.4 Test of mineral-melt equilibrium

S3KDVH HTXLOLEULXP LV D SUHUHTXLVLWH IRU DSSOLFDWLRC(
FRPSRVLWLRQV DQG WKHUPRG\QDPLF HTXLOLEULXP 7KUHH
SKDVH HTXLOLEULXP QDPHO\ WH[WXUDO FULWHULD FDOF
HTXLOLEULXP SDUWLWLRQ FRHIILFLHQWY %DFN VFDWWHU
DQKHGUDO WR VXEKHGUDO FU\VWDOV WKDW ZHUH UHMHEFV
PDMRULW\ RI WKH FU\VWDOV VHOHFWHG IRU DQDO\VLV DUH
WKHLU VXUURXQGLQJ OLTXLG )LJ DQG 7DEOH 6 6, ,Q V
QHKBRULQJ JODVV ZHUH XVHG DV UHSUHVHQWDWLYH RI WKI
FU\VWDO DQG PHOW 7KH VSHFLDO FDVH RI VHFWRU ]JRQHG
HTXLOLEDVL)XOFOVR DVVHVVHG IURP WKH LGHDO FS[ HQG PHPE
JLOWBIVW RI HTXLOLEULXP)EDYN SDKAW IFWLRGUQREHRWZHHQ |

PLQHUDOV DQE'EIHOUGY >0)H2. @ >OIPHI3@ZKHUH 0J2 DQG
)H2 DUH PRODBXWDBM@RASRVHG DV HTXLUDBXHKEHWZHH
FSPQG PHOW DQG “ IRU WKH RFOHGHTUXD® Gi {RVOLEUL

+HU]JEHUJ DQG 2+BUILV@ )RU SODJ OLTXLG 'HISQ®OE EULXP
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LV QRW ZHOO FRQVWUDLQHG DQG WKH UDULW\ RI ROLYLQF
FKRLFH IRU 3 7 HVWLPDWHYV

(TXLOLEULXP FU\WVWDOOL]DWLRQ WHPSHUDWXUHY 7 EHWZ
FDOFXODWHG UHVSHFWLYHO\ ZLWRXMMTDEDNG. RRIVWV K DDV RF LCD

VWDQGDUG HUURU RI HVWLPDWH 6(( EHLQJ DQG
SUHVWBXWWWLPDWHY DUH EDVHG RQ FOLQRS\UR[HQH OLTXLC
HTXDWLRQ ZLWK D 6(( RI NEDU 7KHVH UHODWLYHO\

RQFHUQVY RQO\ WKH DEVROXWH YDOXHV ZKHUHDV WKH UH
GLITHUHQW WHSKUD ZLOO EH VLJQLILFDQWO\ PRUH SUHFLV
VKRZHG WR DJUHH ZLWK 3 DQG 7 DW ZKLFK WKH SKDVHV R
HTXLOLEULXPDQIZHW D@

7KH 23$0 SKDVH HTXLOLEULD ZDV DOUHDG\ DSSOLHG WR HV
,FHOD QG L FHEDWD CDM\G %@ UDMRQ SUHIHUUHG RYHU FS[ OLT Sl
1IHDYH BW @O0 ZKHAMDY HW @ODGIGIJHU BHW @ @SS G X WVIKIHN D

> @ FS[ OLT EDURPHWHU E\ VHOHFWLQJ ZKDW WKH\ Wt
FRPSRVLWLRQ" ,Q WKH DEVHQFH RI PHDVXUDEOH OLTXLG FI
SD®ML]HG JODVVHV DQG RU FU\VWD O O%NK-GG5 JH\R X@XBMIEY V L
*HLIJHU HW @0 WKH DXWKRUV VXJJHVW DGRSWLRQ RI D SOD
WHSKUD JODVYV DQDO\WHYOWKDMWLSDEV LW R H RHHIVIWFL. RQW D Q ¢
FRPSRQHQWY 7KLV DSSURDFK UHTXLUHV WKDW PHOW FRPS
EDVBRP ZKLFK D SUHIHUUHG PHOW FRPSRVLWLRQ LV FKRVH
+RZHYHODGYWWLY HW @EE GHPRQVWUDWHG VLJQLILFDQW
FRPSRVLWLRQ RI +RORFHQH WHSKUD IURP VXEJODFLDO ED
LGHQWLI\LQJ D VLQJOH *DSSURSULDWH QRPLQDO PHOW FRF
WKH BPBROO\ FDOFXODWHBWLS[NER PSR QWKRWW D QDO\]HG LV
VWULQJHQW WRRO LQ HYDOXDWLQJ HTXLOLEULXP FRQGLWL
DV RFFDVLRQDO PL[HG JODVV FU\VWDO URPFRQB B QWHWYDMAHR
7KH SUREOHP ZLW K VWK ISR KOBBSW EBFKY LOOXVWUDWHG E\ W
7ZR H[DPSOHV DUH JLYHQ LQ )LJ LOOXVWUDWLQJ WKDW F
WKH DGMDFHQW JODVV \LHOG UHDVRQDEOH 3 7 UHVXOWYV

UHVXOWV!ENYSILOWH DQG FS[ FRPSRQHQWY ZLWKLQ DFFHSV

7K{ DSSURDFK WDNHQ KHUH LV WKXV WR FDOFXODWH 3 DQ¢
WH[WXUDO HTXLOLEULXP ZLWK WKH DGMDFHQW JODVV YHU
UHOHYDXQW OQG FS[ FRPSRVLWLRQV DUH XWLOL]JHG LQ WKH
FRGLWLRQV RI FS[ FU\WWDOOL]DWLRQ 'HSWK RI FS[ FU\VW
HUXSWLRQV LQ ,FHODQG (\MDIMDOODM|NXOO \BLKYG +RO>
[SSURDFKLEBLQJ DQG 6LIJP@UNWQ@ED HW @O ,Q DRIDD/ MAK DHWMW U R (
DJUHHPHQW ZDV IRXQG ZLWK GHSWK HVWLPDWHV EDVHG RQ
+2&2 VROXELOLW\ DQG BHURVPZWHIRBWAWIDVRQ HW DO

*XGPXQGVVRQ HAN ®RQVHTXHQWO\ LQ WKLV SDSHU RQO\ U
REWDLQEBVRQDGMDFHQW WR HXKHGUDO FU\WWDO ULPV DUF
WKH FU\WWWDO KRVW SDLUV 1HY HHBWHH QW \@ O [DW U IKKHU VZ K
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HISHULPHQWYV LQ WKH SUHVVXUH UDQJH EDU * NEDU VKR
WKHUPREDURPHWH

3.5 Petrological estimation of S degassing.

7KH SHWOLWROWBERGLOH HW@ QV EDVHG RQ WKH GLIITHUHQFH
FRQFHQWUDWLRQVY PHDVXUHG LQ SKHQRFU\VW KRVWHG PHC(
HUXSWLYH VXOIXU FRQFHQWUDWLRQ GLVVROYHG LQ WKH SIL
UHSUHVHQWLQJ WKH UHVLGXDO VXOIXU FRQFHQWUDWLRQV
Rl PDJPD HUXSWHG 06 \LHOGV WKH H[VROYHG PDVV Rl VXC
WKH PIY'KOIXIU HIVROYHG IURP WKH LQLWLDPDRINVJED QB PO/
6 1'9 @, potb6rurxQepPDVvV JoDVKHPUEL . 6@: O: 6 I

NJ PIRU *UtPVY|WG@LBBDRNVNYRQ WD) WKH GHQVH URFN
YROXPH I9RP WKH HUXSWLRQ RI LQWHUHVW

4. Resuls

4.1 Petrography, mineral and glass compositions

7KH IRXU *UtPVY|WQ WHSKUD DUH RI TXDUW] QRUPDWLYH V
*UtPVY|WQ WHSIKQIYROB DQG -yKDIQ@BWWRQLU HDW D@ $00 IR
WHSKUD KDYH DYHUDJH 0J2 FRQFHQWUDWLRQV LQ ERWK JL
/IDUJHVW YDULDELOLW\ LV REVHUYHG IRU WKH WHSKUD 7
DQG D ELPRGDO GLVWULEXWLRQ 7KLV YDULDELOLW\ ZLOO
DQDO\]JHG DGMDFHQW WR HXKHGUDO FU\VWDOV LV RI LGHQV
IURP WKH FOMYWBSKIMP DUH FRPSRVHG RI a JODVV ZLWK F
ZLWK F®PIDQG RO LQ GHFUHDVLQJ DEXQGDQFHYV LQ DGGLW
REVHUYHG IRU WKH ILUVW VBLBPDUY WRIQH /6 HBW HS KQ BV DW L
PLQHUDO FRPSRVLWLRQV DUH VKRZQ LQ 7DEOH 6 6, 30D
GLWSODFRPSRVLWLRQDO WRQIZKURKR 15Q ZLWKLQ WKDW IR
6DNVXQDUYBWQHDNW @WLOO ODUJHU FRPSRVLWLRQDO UDC
SURGXFWV ZLWK JURXQGPDVWRS 6IDQRD PR E Q V¥ QY WARSED
XHDYH HW @O[WHQGLQJ WKHQUREYH UPPL® ENPDO HWD DO
&OLQRS\UR[HQH LV RI DXJLWH FRPSRVLWLRQ ZLWK 0J LQ
6MNVXQDUYDWQ DVEKHIOYH HW @Q WKH /DNL SURGXFWV JURX
UDQJH IURPWRJHQYHORSHG ZLWKLQ WKDWHBRY H\W FUGF U\V W V
20LYLQH RI WKH HUXSWLRQ KDYH )R YDOXHWKD® KIHQ J |
URJH IRXQG LQ 6DNVXQDUYDWQ MBSV D @@ LQBRYBDQ HW D
> @ REVHUYHG D )R UDQJH RI L 9 D/DH Lt WDIED RHA D WXWW G,
YR GRZQ WR DQG RO LQ JURXQGPDVYV DV ORZ DV )R

4.2 Sulfur and Chlorine
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6XOIXU DQG FKORULQH DUH RI FRQFHQWUDWLRQ KLJK HQR
IOXRULQH FRQFHQWUDWLRQV DUH WRR ORZ FRPSDUHG WR W
LQ 0, UDQJH IURP W R SSP DQG W R SSP VUHVSHF
UHDFKHG LQ WKH WHSKUD Rl WKH ODUJHU HUXSWLRQV *
0, FRQFHQWUDWLRRM REWOV FHGWKH SKUHDWRPDJPDWLE W
YRODWLOH FRQFHQWUDWLRQV YDU\ VLJQLILFDQWO\ 6
1IRWHZRUWK\ WKH ZHLJKWHG PHDQ 6 FRQFHQWUDWLRQV R
3SOLQLDQ” WHSKUD LV VLJQLILFDQWO\ ORZHU WKDQ WKRVH
YV SSP 6DPH WHQGHQF\ LV REVHUYHG IRU FKORULQ
JURXQGPDVV JODVV FRQFHQWUDWLRQV PHDVXUHG LQ WK
&RQVHTXHQWO\ WKH GLIIHUHQFH EHWZHHQ WKH PD[LPXP
JURXQGPDVV JODVV PHDQ 6 FRQFHQWUDWLRQV 06 LV VLJ(
a SSP FRPSDUHG WR WKH VPDOOHU SKUHDWRPDJPDWLF
LV UHLQIRUFHG E\ 0&0 IRU ZKLFK RQO\ WKH ODUJHU HUXSW
VXOIXDVO/HQJ WKXV DSSHDUV KLQGHUHG LQ WKH SKUHDWHF
DYDLODEOH &0 GHJDVVHG IURP WKH 3SOLQLDQ " WHSKUD HI
IURP WIKAVY|WQ WKROHLLWLF PDJPD

4.3 Redox and water estimation

7KH UHODWLRQVKLS EHWZHHQ WKH R[L&DR/ IHR\Q DE@NDAWWAHR R Q G
DSSUR[LPDWH HVWLPDWLRQ RI WKH UHGR[ FR @G ODWILAROMWV RV
URRJG RILGDWLRQ VWDWH DW RU FORVH WR2WKH 404 EXIIHU
WR ORJ XQLWV DQG JURXQGPDVV JODVV DW )04 WR
SKUHDWRPDJPDWLF JODVVHV EZDWKDYH VOLIJKWO\ KLIJIKHU 12

30DJLRFODVH K\JUR P HW MWU>WDND® D W/IREHDWKHE ELWK WKH PHW
/IDQJH HW MmO LV XVHG KHUH IRU HVWLPDWLQJ SUH HUXS
FRQFHQWUDWLRQV 7KH QHZ FDOLEUDWLR@®WHWKIDG® DDRQR |
> @ \LHOGV DYHUDJH ZDWHU FRWFHQW UD/WZIRQK/LER I WK H*“H
VLQJOH PHOW LQFOXVLRQ LRQ SUREH 620®QRHDV SSHP&RQW
FRQFHQWUDWLRQV ZHUH PHDVXUHG LQ RQH S D JDRERMD VH
6 ZLWK WKH ,06 LQVWUXPHQW DW 1DQF\ )UDQFH D
FRQFHQWUDWLRQV IRU PLG RFAKLOQIOA Q 1 GilMM RIGKRQG! LALAO\DHX K

@ RY WKLV SDUWR® 38 HWOGOWKRIPHWHU \LHOGBQG WMKH +
QHZ FDOLEWWDWHIRQ DS /@QLHOGV ZW HQYHORSLQJ WK
RI ZW 7KH KLJKHVW ZDWHU FRQFHQWUDWLRQ PHDVXUH
WKH 6DNVXQDUYDWQ DVK DWWUWLEXXWHEBDWR W\ /O WIQF K R O
LV ZLWKLQ HUURU RI RXU VLQJOH PHDVXUHG 0, $00 WKH 3
ZW 2 )RU WKHMDIMDOODM |.MXGOQHUXGS @ I6R QP@ UMVRRIGI G WK L
ZDWHIHFWHG SODJLRFODVH OLTXLG 7 HYWLPDWHY WKUHH W
RI  ZW 2 EQFUHDVHV WKH 3 UHVXOWV E\ NEDU ZKLFK L\
OLTXLG EDURPHWHU 7KXV WKH 3 7 FDOFXODWLRQV SUHVH
DQG UHPDLQ YDOLG IRU WKH UDQJH Rl ZDWHU FRQFHQWUDYV
ZW HBKLOOLQJ RWLBRROV H® DO
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4.4 Pressure and temperature of partial crystallization

*UtPVY|WQ

':DWHU LV NORYZ QY WRRQBEDYHFW RQ SODJLREBBYH PG\ 8 WPIYRIR
6LVVRQ DQG *@RWWVXPLQ2 WKH SODJLRFODVH WKHUPTI
a f& IRUMWKIRUPDWLRQ ZLWK D 7 UDQJH RI f& TKL)
f& REWDUR® WKH JURXQGPDVYV JODVV FRPSRVLWLRQ DO
0, LQ FS[ JLYHV UHVXOWYVY EHWZHHQ DQG f& ZLWK D
UDE WKDQ WKDW RI WKH SODJLRFODVH OLTXLG WKHUPRPH
AVWULEXWLRQ ZLWK D PHGLDQ FHQWHUHG RQ f& )LJ
HWDWHG IURP D VLQJOH 0, KRVW FU\WWDO SDLU JLYLQJ

m79%H 03 RI VOLIJKWO\ RXWVLGH RI WKH HTXLOLEULX
GLVFDUGKHGORZHVW FS[ OLTXLG WHPSHUDWXUH LV FORVH \
WHPSHIUUDRUXWKH DSSHDUDQFH RI )H7L R[LGHV ‘RIQOW KIHQ G L T
+XPSKVL @

$00 0, SUHVVXUH HVWLPDWHY IURP FS[ OLTXLG HTXLOLEUL

NEDUKH IUHTXHQF\ GLVWULEXWLRQ LQ )LJ 6 VXJJHVW
FUMWDOOL]HG EHWZHHQ DQGNEDNEDZKLOHPWEK® UHVW RU
VKDOORZHU OHYHO FRUUHVSRQGLQJ WR NEDU )LQDO
REWDLQHBKKWE®PDO FU\IVEMIFM WIOMW D Q G

*UtPVY|WQ
*URXQGPDVV JODVV FRPSRVLWLRQ \LHOGV 7 UDQJH RI

ROLYLQH OLTXLG WHPSHUDWXUHV RI DQG f& IRU WZR
UHWBH¥HO\ 7KH JURXQGPDVV JODVV VXUURXQGLQRIWKH O
f& 7KH 0, LQ FS[ IRUPHG DW 7 EHWZHHQ DQG f& Z

ZKLFK QGLVWLQJXLVKDEOH 7DEOH WR WKDW REWDLQHG I
HUURU *URXQGPDVV JODVV FS[ SDLUV 7 UDQJH LV VOLJKYV
f& LV QRW GLIIHUHQW Q

7KHPHOW LQFOXVLRQWRQ FS[ IRURKGRDRHDREDU Q DJD
LGHQWERD® WR REVHUYHG IRU WKB3LV REWRG® AW VIR 6L AIKOL
FWWDOOL]DWLRQ RU NEDU ZLWK D PHDQ RI NEDU (

*UPVY|WQ DQG

20LYKRWWHG 0,V ZHUH REWDLQHG IRU WKH HUXSWLRQ 7

DQWZR ZHUH VXUURXQGHG E\ JURXQGPDVVIIODVY ZIQWK LI V
WKH HTXLOLEULXRIUDPIHLGHWQWYUFDO WR WKH PHDQ JURXQ

f& UDQJH f& Q IRU WKH HUX SQUZRUD Q R W K
IURP W R f& PHDQ f& Q 7KH JURXQGPDVV JOD
FU\WWWDOOL]DWLRQ IURP WR NEDU P HEDMEHWZEDHQ Q
DQG NEDU PHDQ NERWKHQ  PLQYG6 SURGXFWV UHVSH
6LPLODU 3 7 FRQGLWLRQV DUH REWDLQHG IRU 0, IRUPDWLR
PHDQ f& Q IRU WKH HUXSWLRQ ZKLOH IHZHU REVH

254



SURGXFW GLVSOD\ D QDUURZHU UDQJH f& PHDQ f
DQGNEDU PHDQ NEDU DQG NEDU PHDQ NEDU IF
UHWEH¥HO\

6XPPDRUON\WKHUPREDURPHWULF UHVXOWYV

7KH KLIJIKHVW HTXLOLEULXP SUHVVXUH EHWZHHQ FS[ DQG 0,
&U\WVWDOOL]DWLRQ DW IXUWKHU GHSWK FDQQRW EH H[FOX
UHFRUGHG LQ WKH FU\WWVWDO PHOW FRPSRVLWLRQ GXULQJ F
FS[ UHDFWLRQ IRU DOO IBRXWRHYUX SOW LIRLIVEOE, ZKHUHDV WKH
VSUHDG LQ WKH UHVXOWYV VXJJHVW FU\VWDOOL]DWLRQ ZLW
FS[ KRVWHG 0,V SUHVVXUH EHWZHHQ DQG NEDU L H |
UDKRIWKH PDJPD V\VWHP DFWLYDWHG GXULQJ HDFK HUXSWL
DULVULRRB DSSUR[LPDWHO\ NP GHSWK

7KH 0, HTXLOLEULXP WHPSHUDWXUH PD\ VXJJHVW VORZ FR

ZLWK WLPH 7KH \RXQJHVW WHSKUD * DQG * UHFRUG
f& “ 6 1RPLQDOO\ KLIJIKHU WHPSHUDWXUH f& LV FL
DQG * WHSKUD DQG KLJKHVW SUH HUXSWLYH HVWLPDW

IDNL HUXSWLRQ DQG WKH a % INIG 6P DX D\WHDY®MW Q W I
HW DO DQG UHIHUHQFHV WKHUHLQ@ $OWKRXJK WKHVH I
WKHUPRPHWHBNVIURG MMBLODU SDWWHUQ LV REVHUYHG
UHFRUGHG LQ FS[ DQG ZLWK JODVV FRPSRVLWLRQ WKHUP
FDOFXODWHG WHPSHUDWXUH ZLWK WLPH LV DSSDUHQW *
* PHDQ f& * PHDQ f& )LQDOO\ WKH ORZHVW |
f& LV IURP WKH * WHSKUD LQ ZKLFK MGHHQSWLH MVHH® F R UF
IUVW W LFPH Y[V QU S B8 RIPOFUWYW RQ @&W D O

5. Discussion

,Q WKLV GLVFXVVLRQ ERWK WKHUPREDURPHWU\ UHVXOWYV D
RO, DQG JURXQGPDVYV DUH FRPELQHG ZLWK WKH JRDO RI SX
EHKDEHRBDWK *UtPVY|WQ YROFDQR

5.1 Grimsvotn P-T relationships

,Q WKHLU VWXG\ RI WKH *UtPVY|WQ ND WHSKUDLNBYHHV D
HW BO @ FDOFXODWHG IURP JURXQGPDVYV JODVV FRPSRVLW
ILQDIF B\WWDOOL]DWLRQ FRQGLWLRQV RI NEDU DQG f
SUHVVXUH FDOFX©DWRGFH®RPUDWLRQV LQ PHOW LQFOXVLF
UHFRJQL]H WRWW G2NHO\ GLIIXVHG |URHR \8KH VO, XUMQBVWEK R
VKRXOG EH FRQVLGHUHG DV PLQLPXP YDOXHV RQO\ 7KHLU
NEDU SUHVVXUH DW f& WKDW LV LQGLVWLQJXLVKDEO
FRPSDUDEOH WR UHVXOWYV REWDLQH® YRQ HW @0 ([DUNLL HW:
DSSOLFDWLRQ RI WK.H QB3%0 PIQ\EKRENEEDY HG R Q@ HAHUXIOW V |
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D O> @ RQ FRPELQHG *%iUeDUEXQJD *UtPVY|WQ  ZKROH U
UDQJH RI WR NEDU 7KHUHIRUH WKH SUHVVXUH GHSHC
GHWHUPKDRDGQG HEW D@ FDQ EH FRQIURQWHG DIOWOQVWOE@ KH UH
FS[ PHOW EDURPHWHU 7KH UHVXOWY DUH VKRZQ LQ 7DEOI
NEDU * 6' RQ DYHUDJH BQ&VLQNEFPMHOW FRPSRVLWLRQ

JURXQGPDVY JODVV &RPELQHG WKH 23%$0 € DWR P MWUA XIL MVIX(
HUURU3IRMMKNDD FS[ PHOW EDURPHWHU DQG QR VLJQLILFDC
WKH IRXU HUXSWLRQV RI WKLV VWXG\ W FDQ WKXV EH FRC(
WKH SULQFLSDO GHSWK RI *UtPVY|WQ PDJPD FU\VWDOOL]DV
GLIIWHHUXSWLRQ UHJLPHV DUH QRW FDXVHG E\ GLIIHUH¢
GLIIGWHDJPD V\VWHP FRQILIJXUDWLRQ

,Q FRQWUDVRV FBSHVOK T FDOFXODWHG DRKKRDOFXWOOWBG [L
WKH PHOW FRPSRVLWLRQ DOR Q¥ HHWXD\OHUX S WHR Q FRPS Di
RI WREFHQWXU\ RU UHVSHFWLYHO\ f& DQGJHDFVWE&RRDC
7KLV PD\ VXJJHVW VLJQLILFDQW GLIIHUHQFH LQ WKHUPDO
HUXSWLRQV UDWKHU WKDQ EHWZHHQ VPDOO DQG ODUJH HU
EH H[SODLQHG E\ HLWKHU GLIIHUHQW SURSRUWLRQV DQG
GHULYHG EDVDOWY ZLWK PRUH HYROYHG KLJK OHYHO EDVI
FRPSDUHG WR WKH SDVW 6XFK SRWHQWLDO WHPSHUDWXU!
FRQFHQWUDWLRQV RI LQFRPSDWLEOH HOHPHQWYV LQ KLVWF
IUDFWLRQDO FALIADLYORI® \@WR DO

/LQHDU H[WUDSRODWLRQ RI JHRWKHUPDO JWR&LIH Q& LQ ,FI
LVRWKHUP DV GHULYHG IURP JHRWKHUPDO)®YS&RU DR Q
6DHPXQGVVRQ > @ 7KH 3 7WHRQWXODWURSOWRRQWKHHOGV
SUHVVXUH RI NEDU IRU 7 f& $VVXPLQJ DQ DPHUDJH
K\GURVWDWLF SUHVVXUH RI NEDU FRUUHVSRQGV WR DSSU
WR WKHRDWHG FUXVWDO WKLFNQHVV IURP VHLVPLF WRPR
JUDGLHQW Rl a f& NP VLPLODU WR WKH HVWLPDWHG ,FI
%MDUQDV@ Q7KLY PLIKW LQGLFDWH WKH GHSWK RI D QHXW!
PHOW LV OLNHO\ WR FROOHFW XQGHU *UtPVY|WQ 7KH DSSL
REVHUYHEGXU SUHOLPLQDU\ DQDO\WHV Rl FS[ PHOW UHODWL]
7DEOH 6 GHVSLWH WKHLU PRUH SULPLWLYH ROLYLQH Wk
HDWOWHVXOWY REWDLQHG DW 8Q L4THULY HW\ BRIV FBI\ORW® G W HDS
> @ DRGPXQGVVR® H® DQ WKLV FRQWH[W LW LV LQWH!I
PDJQHWRWHOGXWUUALXUNY RDG @GR BDRBNMG NP WKLFN R

ORZ UHVLVWLYLW\ DW VLPLODU GHSWK DFURVV WKH (DVW
PDJPD\WWDOOL]DWLRQ DQG VWRUDJH DW DSSUR[LPDWHO\

DFWLYH YROFDQLF V\VWHPV Rl ,FHODQG

5.2 Volatile concentrations, degassing during phreatomagmatic andplinian
eruptions and magma recharge
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ODJPD RI WKH ODUJHU HUXSWLR@&S[ KRDWBG 0, WHWK WX LK k
6 DQG &0 FRQFHQWUDWLRQV FRPSDUHG WR WKRVH RI WKH
WHSKUD 7KLV VXJIJHVWV KLIJKHU YRODWLOH FRQFHQW
HUXSWLRQV RU KLJKHU SURSRUWLRQV RI PDJPD UHFKDUJH
HUXSWLRQV 7KXV WKH TXHVWLRQ LI GLIIHUHQW YRODWL!
HUXSWLRQ UHJLPHV DW *UtPVY|WQ LV ZRUWK H[SORULQJ

6XOIXU HIVROYHG DQG GHJDVVHG

7KH QHZ PD[LPXP VXOIXU FRQFHQWUDWLRQV PHDVXUHG LQ

DQY®&H DYHUDJH IRU WKH JURXQGPDVV JODNRNRO Y HIS PUR PO
WKH LQLWLDO PDJPD XVLQJ WKH SHWUR OW RLIFUPH WK RS/ WAK
SLIJPDUNWRIO (6 YDOXHV RI YV SSP UHVSHFWLYH

HUXSWRDRRD YROXPH NPHYWLEDWEB (WRQ H®& DIOrHV

7J Rl H[BWROMRIGPXFK RI WKH VXOIXU ZDV VHTXHVWHUHG
ZDMPLWWHG WR WKH DWPRVSKHUH FDQQRW EH HYDOXDWHG
GXULQY PWIOD HUXSWLRQ $EVHQFH RI"WRIDXW® N UNWWH P!
KDPSHUV VLPLODU HVWsL2P IDIMWRIQR/X RK 1 [WREH HEWLPDWLRQV
WKH GHWHUPLQHG a6 )LJ D IRU GLIIHUHQW HUXSWLRQV F

)RU WIXNHL HUKRWGRQVRQ HONHIVW2HABWAMIRQ RI 73
IRU D YROXPH RZIKLFKNPRUUHVSRQGVKWRUtPWVY|WR HUXS
HPLWWHG : 7 IRUD YROXRHFKILYV HTXLYDMHQW WR
+UHLQVGYWWIaU HW DPDWHG WKDW RI WKH YROFDQLF GF
ILUVW KRXUV FRUUHVSRQGLQDQBRR HPQVNILROQRRI SHIIRI 6622
KRXU ,Q FRPSDULVRQ WKH /DNL HYHQW PD\ KDYH SURGXF
WKHUVW > KGRUGDUVRQ@AIWZRBIOFK LV HTXLYDOHQW WR D PHDC
SHU KRXU +HQFH WKHVH WZR YHU\ GLITHUHQW HUXSWLRQV
SURGXFHG VICPAL®GINU 62

,Q )LJ DLV GLVSOD\HG DQ DSSDUHQW UHODWLRQVKLS E|
PDJPHDPLWWHG E\ DQ HUXSWLRQ DQGDWMYPMY YW ®LDRVH® Q6 AR
RI NQRZQ VL]HV O0DJPD YROXPHV RI /DNL * DQG * H
DVVRFLDWHG FRUUHODWLRQ FRHIILFLHQW Ud RI /IDNL
LQWHUPHGLDWH YDOXH DQG WKH SKUHDW®R BNVILRIIWW R H (6
YDOXHV PHDVXUHG YWPHQWXUMNHUWEKWLRQV LW LV SRVVLEOF
YROXPHV 9ROXPH HVOWNMRABWHY RIDQG IRUNP DUH REWDLC
ZKLFK DUH FRKHUHQW ZLWK DYDLODEOH ZULWWHQ HUXSYV
SOWKRXIJUHODOIWLRQVKLS LV RQO\ EDVHG RQ WKUHH REVHUY
DOORZ LW WR EH FRQILUPHG RU UHMHFWHG

4XDQWLI\LQJ WKH 6 GHJDVVLQJ RU UDWKHU WKH H[VROXW
SDUW RI WKH 6 LV VHTXHVWHUHG LQ VXOILGHV GHPRQVWU
VPDOOHU HUXSWLRQV 7KH UHODWLYH H[VRQZWBRGQoWK FDO
06 BLwimrxocPlQe OHDGYV WR LGHQWLFDO YDOXHYV IRE WKH S

‘e ¥ § 7TDEOH 6LIJQLILFDQWO\ ORZHU YDOXHV DUH F
HYHQWsV* RU ' D QeG*' ,Q SDUW WKLV LV FDXVHG E\
* SSP FORVH WR 06 * SSP ZKHUHDV 06

FORVH WR 06 * SSP 7KHUHIRUH WKH ODUJHU *UtPV
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LQLWLDO 6 FRQFHQWUDWLRQV EXW DOVR DUH DEOH WR
SKUHDWRPDJPDWLF HYHQWYV 2EYLRXVO\ WKH PDJPD TXHQF
JODFLDO ZDWHU KDPSHUV PHOW GHJDVVLQJ RI WKH OHVV S
LOOXVWUDWHG LQ )LJ E ZLWK LQFUHDVLQJ GHJUHH RI G
FRQAMUDWLRQV LQ WKH JURXQGPDVYV JODVV LQ WKH RUGHU

DQG IORRG EDVDOW HUXSWLRQV IDNL 6LP
IRU +RORFHQH .DVOO yYWVFNSHUU DI@E\DIO IXWXUH HUXSWLRQV Il
FRQIMUKH SURSRVHG UHOBWILBRRX®GE DEHWE HHRQ FHQWUDW L |
YROXPH HUXSWHG WKHQ WKH YROFDQRYV SURGXFWLRQ UI
KLVWRULFDO WHSKUD

&KORULQH

7K GHIJDVVLQJ SDWWHUQ RI 6 LV FRQILUPHG E\ WKDW RI &O
LV SSP DQG SSP EXW WKH WHSKUD RI ERWK SKUHDWRPTE
&0 FRQFHQWUDWLRQV LQ JURXQGPDVYVY DQG 0, JODVVHV 7D
SUHYHQWHG E\ HBXOI\WRH@SKRIWQVDQW ZDWkHt PHOW LQWHUL
DQGo* ZKLFK OHDGV WR WKH PRELOL]DWLRQ RI 7.

HUXSWLRQ XVLQJ WKROHLLWH ®@06JEBQVHQWRRAN YRONXB H
> NPPFUHLQVGYWWL& RWPDOPD HPLWWHG 7KLV DWPRVSK
WKRXVDQG WLPHV KLIKHU WKDQ WKDW OW +&0 RI WKH -
NP *tVODVRQ HW DBHVSLWH DQ RUGHU RI PDJQLWXGH ORZH
FRQFHQWUDWLRQV DUH WKXV FORVH WR VDWXUDWLRQ L
*UtPVY|WQ DQG SURQH WR GHJDVVLQJ ZKHQ H[WHUQDO IDF
FDUERQ GLR[LGH PHDVXUHPHQWY WKH GLIIHUHQFH EHWZHF
DQDO\WHV RI WKH JODVVHV DQG FDQ EH WDNHQ DV D SU
6LPLODU WRWDO YRODWLOH FRQFHQWUDWLRQV DUH LQIHUU
7DEOH7&HUHIRUH WKH SRVVLELOLW\ WKDW GLIIHUHQWLDO
OHGYWWRLDEOH PHOW YLVFRVLW\ ZKLFK LQ WXUQ PD\ DIIHF\
'LOVRQ @ PXVW EH FRQVLGHUHG XQOLNHO\ 7DNHQ WRJF
GHJDVVLQJ RI VXOIXU EHIRUH WKDW RI FKORULQH LQ WKH
FODVVLFDO EDVDOWLF H[VROXWRERRQ+HBEXRQPRAH EORW O
"HEVWHU HW DD)0G @ ZKHQHYHU H[WHUQDO JODFLDO ZDV
PDJPD

*DV RI GHHSHU RULJLQ"

$ VLQJOH PHOW LQFOXVLRQ * ) 7DBEQ@R GRQEBQWQYDWURG)\
WKH LRQ SUREH DQG JDYH ZW DQG SSP UHVSHFWLY
WKH UDQJH RI SODJLRFODVHV 0, RLMDKHH BHWDIEN EXKWUBLBKB
WKDQ WKRVH DWW UQEW WIHRK W R MV OF-D VD@ W7 H FDUERQ V X
UDWLR & 6 DOORZV WR LQIHU RQ HDUO\ ODWH YRODWLOF
(GPRQHBW DO @ 8QGHJDVVHG PDJPD LV H[SHFWHG WR
PDJPDV FDUERQ GLR[LGH H[VROYHV DQG GHJDVVHV HDUOLH
DVFHQWpWHIUFK DBIG :@QODFUR HW @ OREMED IGQ6 PRODU UDQJF

W R ZLWK D PHDQ RI IRU 3LWRQ GH OD )RXUQDLVH
ZLWKPHDQ RIGPR@GYV HWAOD®LJKHU UDWLRV LQ WKH VXPPLW
FRPS®WR WKRVH HPLWWHG GXULQJ IODQN HUXSWLRQV DUH
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VLQJOH PHDVXUHG *UtPVY|WQ PRODU UDWLR LV HTXDO RU K
OD )RXUQDLVH RU 7KHUHIRUH *UtP \UM|FMKQ DRIZ) PHDY HDQ ke :
VDWXUDWHG DW HQWUD)S P HXQUW & HS WIQ RIDOWVHPW YRIW&2 0, D UH
QHHGHG WR EHWWHU DFEFHVV LWV UROH LQ WKH GLIIHUHQW

W LV QRWHZRUWK\ WKDW WKH UHVXOWV RI GHWDLOHG
IDWQDM|NXOO/DUVNHQ HBA @OUHYHDOHG D VXFFHVVLRQ RI K
I[UHTXHQF\ SKDVHV DW *UtPV¥%WQ Y R®HDRMRGHNMW M/ B B/K O B DO/
RQ WKH JODFLHUV $ SHULRG RI a \HDUV DQG D VLPLODU

\HDUV ZDV LGHQWLILMGIUZKLNGFEQRAXXVLROHDUYV HODS)
WZR ODVW PDMRU *UtPVY|WQ HUXSWLRQV DQG 7K}
ZLWK UHODWLYHO\ KLJK FRPSDWLEOH HOHPHQW FRQFHQWU
UHRKIBI ITURP 6GHBWKVY¥RQ W MKHUHIRUH WKH ODUJHU H[SO
ZLWK SOLQLDQ DFWLYLW\ LV PRVW OLNHO\ GXH WR LPSRUW
PDJPDV 7KLV LV VXSSRUWHG E\ KLIJKHU PD[LPXP VXOIXU I
LOQFOXVWK®VSRILQLDQ WHSKUD 7KH LQLWLDO YRODWLOH FR
RI UHFKDUJH PDJPD YV UHVLGLQJ PDJPD WKXV DSSHDU WR |
YROFDQR 7KH TXHVWLRQ WKDW UHPDLQV WR EH DQVZHUH
DFFXPXODWLRQ RFFXUV LQ WKH PDJPD V\VWHP EHIRUH DQ |

5.3 Comparing petrological and geophysical constraints on the magma system

'HIRUPDWLRQ EHIRUH DQG GXULQJ WKH * HUXSWLRQ UH"
PDJPD FKDPEHU HVWLPDWHG DW “ NP GHSWK IURP D P
YDULDWLRQV L H +DHILRQNGHRGH® HBWKHD FS[ KRVWHG 0,V Sl
HQWUDSPHQW SUHVVXUH UDQJH RI W R NEDU $VVXPL
NEDU WKH 0, WUDSSHG EDVDOWLF OLTXLG DW GHSWKV EHW
EHLQJ GHHSHU WKDQ NP ! NEDU LPSO\LQJ DFWLYDWLRQ
LV SRVVLEOH WKDW WKH GHIRUPDWLRQ PHDVXUHPHQWYV G X
OLEHUDWLRQ RI KLJKO\ SUHVVXUL]HG JDV SRFNHW DW WK
GHSUHVVXUL]DWLRQ DQG IDVW DVFHQW Rl JDV ULFK GHHS
REVHR@DDADKD\D HW @ORI D SRVLWLYH FRUUHODWLRQ E
DFFXPXODWDRQ6RINKUDMLPD YROFDQR -DSDQ VWURQJO\ VX
E\ JDV DFFXPXODWLRQ $ ODUJH SURSRUWLRQ RI UHFKDUJL
IRU WKH RUGHU RI PDJQLWXGH GLIIHUHQFH EHWZHHQ WKH
IURP WKH PHDVXUHG GHIRUPDWLRQ DQG ZRXOG UHOD[ V
FRPSUHVWLUEHIOQWBYWWL® HMKLD/OFRQFXUV ZLWK WKH JHQHU
GHSWK HVWLPDWH RI DSSUR[LPDWHO\ NP )LJ D DQG W
PDJPD UHVHUYRLUV D VPDOO KLJK OHYHO PDJPD FKDPEHL
IXUWKHU GHSWK 7KH IDFW WKDW YHU\ IHZ ES[ PHOW SUHV\
DVKDCPDRPD FKDPEHDUDSLIEHPWIPD DVFHQW WKURXJK WKH V
PDVV HUXSWLRQ UDWH DQG SOXPH SHQHWUDWLRQ LQWR Wt
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6. Conclusions

7TKH SULQFLSDO FRQFOXVLRQV DUH DV IROORZV

$YHUDJH SUHVVXUH HVWLPDWHV Rl FOLQRS\UR[HQH FU\
DWtPVYY|WQ YROFDQR JLYH RI “ NEDU FRUUPHVSRQC
GHS$EWHQFH RI JRRG WHPSHUDW X U H V8fUHQW X UH HURUIIMAL
VXJIHVWY WKDW WKH HUXSWHG PDJPD GHULYH IURP VI
WKHUPDO HYROXWLRQ SRVVLEO\ LQ D SOH[XV RI VLOO\
6LPLODU DYHUDJH FU\WWDOOL]DWLRQ GHSWKV RI PDJP
FDQQRW H[SODLQ GLIIHUHQW HUXSWLRQ UHJLPHV DW *|
6XOIXU DQG FKORULQH FRQFHQWUDWLRQV EHLQJ KLJK
HUXSWLRQV XS WR SSP DQBUH CSRBZPH WM \LRHWWHY H Q
JODMALY LQGLFDWHY LPSRUWDQW UHFKDUJH RI GHHS VI
WKH WURSRSDXVH SHQHWUDWLQJ HUXSWLRQV
4XHQFKLQJ ZLWK JODFLDO ZDWHU H[SODLQV KLJKHU Y
JODVRU WKH VPDOOHU SKUHDWRPDJPDWLF HUXSWLR
FRQFHQWUDWLRQV PHDVXUHG LQ PHOW 'L6Q FIDX& L\RION L
DMUDJH FRQFHQWUDWLRQ LQ WKH JURXQGPDVV RI HDFK
HUXSWLYH YRO¥RD WU WHKBXSWLRQV DQG WKDW RI WKF
SHUPLWWLQJ HVWLPDWHY RI XQNQRZQ YROXPHV IRU RC
7KH YROFDQHEVIJOUNSKDWR FRQWULEXWH WR WKH PHDV
RI *UtPVY|WQ YROFDQR

$FNQRZOHGJHPHQW

7KH ,FHODQGLF *ODFLRORJLFDO 6RFLHW\ DQG HVSHFLDO
VDPSQRIQWKFHQWXU\ WHSKUD SRVVLEOH -yQDV *XéQDVRQ
WKH WHSKUD $QGUpPV , *X@PXQGVVRQ IXQGHG E\ WKH )3
IRU KLV KHOS ZLWK PLQHUDO VHSDUDWLRQV :H DUH JUDW
ZLWK WKH (30$%$ 'LVFXVVLRQV ZLWK %HUJU~Q $UQD TODGyWW
&yUeDUVRQ RYHU WKH ODVW WKUHH GHFDGHV RQ WKH /DI
UHODWLRQVKLSY DUH PXFK DSSUHFLDWHG &RQVWUXFWLYH
RI WKH ILUVW DXWKRU ZDV ILQDQFHG E\ WKH $XYHUJQH UH
FRVW ZDV FRYHUHG E\ JUDQWYV IURP WKH ,FHODQG 5HVHDU
JUDQFH ,FHODQG 3-XOHV 9HUQH" FROODERUDWLRQ DQG WKF
D 2&OHU9ROF" ODERUDWRU\ Rl HIFHOOHQFH FRQWULEXWLRC
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