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ÏVÌYÏ^Î�ÕmÙ�ÒJÖ�É_Ò�ÓxÔ�Ï^Ë�Õ	Ö�É_Ò�ÙeØ�ÓxÔ_ÐbÎ�×eØ�É_Ò�Þ�é�Ì;Ê_ÕmÙ�Ù�ÌsÎ�ÒbÒoÌsÙ�Ê_É�Ö�É�Ò�Ö�É_Ø)çàÖ�É�Ü	Î�É�ÙnÏ�ÌsÑ�ÕmÐbÒ�Ù�Ô�Ê_É�Ò^ÒoÌYÎ�Ð^É`Í�ÕmØ�Ð
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ÌWÍ�Î�ÌCÏ
ÎhÐ�Ñ}Ò�Ó1ÌWÔgÕhÒ�Ö
Í�×,Î�ÑjÒ
Ø�Ù�Î�Ò�×,×,Ò\Ú Î�Ò$Û	Í�Ü>Ì.Û�Í�ÓLÜ�ÓhÝ�Î�Ò�Ó�Þ�Ò�ß�Í�Ó}Ó�à�Ï&á�Ï
Û�Í�â�Û�Ò�ã�Ö
Ô�×�à�Ò�ämÍ�Ó�Õhã	Ò�ÑjÒ�Ó1Ì
Ü,ÑjÑ}Ô�Õ�ÜtÏ±ÌWÒ�ÑjÒ�Ó1Ì�Ï
áhã	å�ÛgÞ�Ò�Ì�ÌWÒ&ámÔ�ã	Ü,ÍrÕ�Ò�Õ�Ò�×�Ü>æ�Ü�ÖrÜ,Ï�ÌWÜ�Í�Ó�Ø�ç�Ó¡ÏUÏ
×,Í
ã	Û\Õ�Ô�Þ�Ü,Õ�Ô�Õ�Ò�Ð1Ï�ã	Õ�Ò�ã$×�àyÏ
ÓhÞ�Ü,Ò�Ó�Ó�Ò
Ð�Ô�Í
Ñ}ÔTÌWã	Ü�ÒYÞ�Í�ÑjÑjÒ�Õ�Ò�ã�Ó�Ü,å�ã	Ò�Õ�Í�ÓhÓ�Ô�Ò�Þ�Í
Ó�Ó Î�Ò
Ø

è Ï\Õ�Ü,Û�Û	Í�×�ÎhÌWÜ�Í�ÓYÕ�Ò5×tÏ*Þ�Ï�ÖrÜ�Ì	Ô�é�ê�ë1ì�í\ÓAàyÏ\á�Ï
Û�Ô�Ì	Ô�ã�Ô�Ð�Î�×�Ü,å�ã	Ò
ß�Õ�Ò�Û�Þ�Í�ÎhãWÏ
Ó1ÌWÛ�Õ�à�Ò�Ï
Î&Ò�Ì7Õ�Ò£ÛWÏ
ÎhÑ2Î�ã	Ò
Í�Ó1Ìcá�ã	Ü>Ö�Ü�×,Ô�Ð�Ü,ÔÃÛ	Í�ÓîÕ�Ô�Ö
Ò�×�Í�á�áoÒ�ÑjÒ�Ó1ÌcÕ�Ï
Ó�ÛïÎ�Ó�Ò¶Õ�Ü�ã	Ò�Þ�ÌWÜ�Í�Óðá�ã�Ô�ñuÔ�ã�Ò�Ó1ÌWÜ�Ò�×�×,Ò
ß.×tÏÞ�Ï�ÖrÜ�Ì	Ô¶Ïòáhã	Ü,Û`ÎhÓ
Ï
Û	áoÒ�ÞTÌYá�×�ÎhÌWó
Ì$Ò�×�×,Ü�á�Û	Í
ô�Õ�Ï
×�Ú Î�Ò2Ï±æ�Ü,Û�õrÑjÔ�Ì	ã	Ü,Ú Î�Ò�Ømö.Í�Ñ}á�ÌWÒ&Ì	Ò�Ó Î¿Õ�Ò�Û�Û	Í�×�Î�â�Ü�×,Ü�Ì	Ô�Û*Õ�Ü>äAÔ�ã	Ò�Ó Ì	Ò�Û�Ò�Ó1ÌWã	Ò
×,Ò�Û5÷hÍ�ã	Ü�ø�Í�Ó�Û�ß1×tÏ�Û�Î�ã�ñ¨Ï
Þ�Ò$ÒTäAÒ�Þ�Ì	Ü�Ö�Ò�Õ�Ò\×tÏYÞ�Ï�ÖrÜ>ÌWÔ\Ó�Ò\ámÒ�ÎhÌ�ù	Ï
Ñ}Ï
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Ü�Ì�Ø
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Ó1Ì	Ü�ÌWÍ�ÎhÌ	ÒYámÍ
Û	Û	Ü�â�Ü,×�Ü�Ì	ÔgÕ�à�Î�Ó�Ò�Ð�Ô�Í
Ñ}ÔTÌWã	Ü�Ò�Û	Ü�Ñ}áh×,Ò
Ø

ü Ï
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Ñ}á�×�ÒTæ�Ü�Ì	Ô�ÕhÒC×tÏgÐ
Ô�Í�ÑjÔ�Ì	ã	Ü,Ò5ã	Ô�Ò�×�×,ÒYý�Ö�Í�Ü�ã7û�Ð
Î�ã	Ò*þ�Øyþ1ÿOß�×,Ïgá�ã�Ò�ÑjÜ,å�ã�ÒCÏ
áhá�ã	ÍrÞE÷�ÒCÕ�à�Î�Ó�Ò
Ñ}ÍrÕ�Ô�×,Ü,Û	Ï�ÌWÜ�Í�ÓUÕ�ÒTÖrãWÏ
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á�Ü�Õ�ÒYáoÍ�Î�ã\ámÍ
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ÎcþhØ�þ1ÿTØ è Ò�Û$ÕhÜ,ÑjÒ�Ó�Û�Ü,Í�Ó�Û*ã�Ò�×�Ò�Ö�Ô�Ò�Û�Ò�Ó��
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ã�Ó�Ò�Û\Ö�Ò�ã	Û�Ü,Þ�Í
×,Í�ã�Ò�Ûªý�Ö�Í�Ü�ã�ÌWÏ
â�×�Ò�Ï
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÷�Í�ã�Ü,ø�Í�Ó1ÌEÏ
×�Õ�Ï
Ó�Û\×tÏ2×�Í�Ó�Ð�Î�Ò�Î�ãCÕ�Ò�×,Ï2Þ�Ï�ÖrÜ�ÌWÔ}ý�Ö�Í�Ü�ã.û�Ð�Î�ã�Ò�þhØ�ë�Þ�ÿTØ<ö.Í�ÑjÑjÒY×tÏ2Þ�Ï�ÖrÜ�Ì	ÔYÑ}Í
Ó Ì	ã	Ò
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Ò�×,Í
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Óîáhã	Ü�ÖrÜ�×,Ô�Ð
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Ó�Ò
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ã	Ô�ámÒ�ã	Þ�Î�Û	Û�Ü,Í�Ó�Û9Ü�Ñ}áoÍ�ãbÌEÏ
Ó1ÌWÒ�Û«Û�Î�ã�×,Ò�Þ�Í�ÑjáoÍ�ã�Ì	Ò�ÑjÒ�Ó1Ì«ÑjÔ�Þ�Ï
Ó�Ü�ÚrÎhÒCÕ�ÎªÛ�õrÛbÌWå�ÑjÒ
ß
Þ�ÒCÚ Î�Ü�ámÍ�Îhã	ãWÏ
ÑjÜ,Ò�Îræcú�ÌWã�Ò�á�ã�Ü,Û$Ò�Ó¢Þ�Í�Ñ}á�ÌWÒ�á�Ï
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Ó1Ìª×�Ò�Û
Ï
Ü�ã	Ò�Û�ß�Þ�Ò�Û$Ò�×,×�Ü,á�Û�Ò�Û*Í�Ó1Ì\Ô�Ì	ÔYÌWãWÏ�Ó�Û�ñuÍ�ã�Ñ}Ô�Û\Ò�ÓcÞ�Ò�ã�Þ�×�Ò�Û\Þ�Í�ã�ã	Ò�Û	áoÍ�Ó�Õ�Ï
Ó1Ì	Û�Ø
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ÞTÌ9û�Ð�Î�ã�Ò*Õ�Ï
Ó�Û£×,Ò�ÌEÏ
â�×�Ò�Ï
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formation
halitique (sel)

sel

sel

grès

marnes

grès

marnes

grès

marnes

ancienne cavité
(1971 − 1988)
(en gris)

géométrie SG4/5
(1991 − 1995)
(relevé de mesure)

Dolomie
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ÙBÚ�Û/ÜCÝLÞàß�áXÜ
Ý�ÚÊâ Ú_ã�äÐå
Ýæågç�Ú_ç
ß�åCç
ß�è�é/Ý�ÚëêLìÊâ/å
ß�åCç�í�î�ïÐß�åCé ÚÊã�ß�å
ÝXÜVãcðòñ/ß�åCç�ìÊó�Ü�ÚÊÞàÞàÝõô/ÝXå�ïÊÚ_ã�ÝLé=Ü
å�ì�ö=ç
Ý[÷
â�é/ÝLåXø<ùÐßNì�â�Û/Ü
ÝXâ/ô�êXÝLã�é/ßfô/é�úæÜ
áLå�î�ûüì�å
ÝLÚÊé�ý5þ�ÿ ó�é/ÜCÝ��=ø����àÚ��	�/ì�â�êXì�â/åCç�Ú_ç�Ý�è�é/Ý�ã�Ú�ô=ß�åCç
Ü
ß�ö/é=ç�ß�ì�â
ô/ÝLå�ï_ÚÊã�ÝXé/Ü
å�âfðòÝLåCç Û ÚÊåõå
ß�ÞàÛ/ã�Ýàþcú�ÚÊé/å
åCß�ÝXâ/â/ÝpìÊé3ÚÊé=ç
Ü
Ý��	�1Þ�Ú_ß�åüì�â3Ú�ãcðòß�ÞàÛ/ÜCÝLå
åCß�ì�â�è�éfðòß�ãNä�Ú ô/ÝXé�ý
Û(ìÊÛ/é/ã�Ú:ç�ß�ìÊâ/åõô=ß�
(íLÜ
ÝXâ,ç�ÝLå��<é/â=Ý�Ú>ï�ÝXêëé/â/Ý ïÐßJç�ÝLåCå
Ý�Þàì-ä�ÝXâ/â/ÝëôfðòÝLâ,ïÐß�ÜCì�â��������� Þ��:å����(ãRð@ÚÊé�ç�Ü
Ý Ú>ï�ÝXê
ô/ÝLå�ï_ÚÊã�ÝXé/Ü
åüö�Ý>ÚÊé/êXì�é/Û�Û/ã�é/å�íLã�ÝXïÊíLÝLå�þ¿ôfðòÝLâ,ïÐß�ÜCì�â���������� Þ��_å����aø(ù�ßNì�âÔêXì�ÞàÛ ÚÊÜ
Ý�ã�ÝLåüè�é ÚÊâ,ç�ß�ã�ÝLåüô/Ý
ã�Ú�ô/ß�ågç�ÜCß�ö/é=ç
ß�ì�â�ì�ö=å
ÝLÜgï�íXÝ�Ú-ïÊÝLêõã�ÝLå�è�é ÚÊâ,ç�ß�ã�ÝXå�ôfðòé/â/Ýõô/ß�ågç�ÜCß�ö/é=ç
ß�ì�â ú�ÚÊé/åCå
ß�ÝXâ/â/Ý�þ¥ÿ ó�é=Ü
Ý��=ø����Êö��	��ì�â
ì�ö=ç
ß�ÝLâ,ç�é/â/Ý�êLã�ÚÊß�ÜCÝ�Ü
é/Û�ç�é/ÜCÝ�ô<ð6é/â=ÝõåCíLÜ
ß�Ýõô=ÝLå�Û(ì�ß�â,ç�å¡è�é/ß1ô/ÝXïÐÜ
ÚÊß�ÝXâ�ç�ß�ô=í>ÚÊã�ÝLÞàÝLâ,ç�åLð6ÚÊã�ß�ó�â/ÝXÜ�å
é/Ü�é/â/Ý
ô/Ü
ìÊß�ç�ÝPô/ß�ç
Ý¡ô/Ý ��!õÝXâ/ÜCä#" þcù=ÚÊÛ�ì�Ügç�Ú#���%$��&���aø('õâ�ç�ÝXã,ÚÊã�ß�ó�â/ÝXÞ ÝXâ,çfô/ÝXåFô=ì�â/â/íXÝLåBå
é/ÜBã�Ú�ô/Ü
ìÊß�ç�ÝPô/Ý)!õÝLâ=ÜCä
å
Ý Û/Ü
ìÐô/é/ßJç�å
ßNã�Ú�ô/ß�ågç�ÜCß�ö/é=ç
ß�ì�â�ì�ö/å
ÝXÜCïÊípÝLågç�ó,ÚÊé/åCå
ß�ÝXâ/â/Ý_ø�'õâÏê�ñ ÚÊâ/ó�ÝXÞ ÝXâ,çõô=Ý ã�Ú�Û(ÝXâ,ç�Ý îàÝXâ,ï�ß�Ü
ì�â
�*�����+� Þ��:å��1â/ì�é=å�ß�â/ô/ß�è�é/Ý�ÚÊã�ì�Ü
å�ã�Ú�Û=Ü
íLåCÝLâ/êXÝ�ô/Ý�,.-	/�0�ô=ß�åCç
Ü
ß�ö/é=ç�ß�ì�â/å¡ô/ÝüïÐß�ç
ÝLå
åCÝLå�ô/ß�
(íLÜCÝLâ,ç�ÝXåLø#1æâ
Û/Ü
ìÊÛ(ì�åCÝàÚÊã�ì�ÜCåæãcðòñ,ä�Û�ìÊç
ñ/áLåCÝàè�é/ÝàêLÝXåæïÊÚ_Ü
ß�Ú:ç�ß�ìÊâ/å�ô/ÝëïÐß�ç
ÝLå
åCÝLå å
ì�â,ç ã�ß�íLÝXå�î�ã�Ú�êLì�ÞàÛ�ì�å
ßJç�ß�ìÊâ3ô/Ý�ã�Ú
Ü
ìÐê�ñ/Ý��1â/ì_ç�ÚÊÞàÞ ÝXâ,çüîëã�Úëå
ß�ã�ß�êXß�ÿ êLÚ_ç�ß�ì�â�ô=Ý ã�Ú�Þ�Ú:ç�Ü
ß�êLÝ�ÝXâ,ç�Ü
Ý ã�ÝXå�ó�Ü�Ú_ß�â/åXø

1�â~Ú8Û/é ô=ß�
(íLÜ
ÝXâ/êLß�ÝLÜëô/ÝXé�ý2�:ç�äÐÛ�ÝLå3" ô/Ý�ó�Ü
áXåàÚ-ä�ÚÊâ,ç�ô=ÝLåëïÐß�ç�ÝXå
åCÝLå�Údý=ß�ÚÊã�ÝXå�ô/é~å
ì�â ÚÊé=ç
ì�é/Ü
ô/Ý+��4�����ÝXç��*5����=øfÙNÝLå�ÞàÝLåCé/Ü
ÝXå ô=é5êXì�Þ Û�ì�Ügç�ÝLÞàÝLâ,çæÞàíLêLÚÊâ/ß�èÐé=ÝLå�ì�â,ç�Þ ìÊâ�ç
Ü
íXå è�é/Ý�ã�Ú�ï�ßJç�ÝXå
å
Ý
ô/é å
ì�â76�0�896�:;-�ÝLåCç�êXì�Ü
ÜCíLã�íLÝ*Ú>ï�ÝXê�ã�ÝLåëÛ/ÚÊÜ�ÚÊÞàáXç
Ü
ÝXå�Þ íXê>ÚÊâ=ß�è�é/ÝLå=<?>�Ý[çA@ þCBÏì�ô/é=ã�Ý�ô/ÝED�ìÊé/â/óF�
þ¥ïÊì�ß�Üëÿ ó�é=Ü
ÝG�=øH����ÝXç�ç�ÚÊö=ã�Ý>Ú_éI��øJ$K�aøML�ì�é=ÜàÛ�ì�é=ïÊì�ß�Ü�Û/ÜCìONCÝXç
ÝLÜ�êLÝ[ç
ç
Ý�êXì�Ü
ÜCíLã�Ú:ç�ß�ìÊâ�å
é/Ü�ãcðòÝLâ=å
ÝLÞpö/ã�Ý
ô/ÝLå�íLê�ñ ÚÊâ,ç
ß�ã�ã�ì�â/å��,é/â/Ý êXì�â,ï�ÝXÜ
å
ß�ì�â�ô/ÝXå�ïÐß�ç
ÝLåCå
ÝLå�ô/é�å
ìÊâ�ç�Ü
ÚÊâ/åCïÊÝLÜCå�ÚÊã�ÝLå�ÝXâ*Ú:ý�ß�Ú_ã�ÝLå�Ú íXç�íõÝ�
(ÝLê[ç�é/íXÝ
þ¥ïÊì�ß�ÜVç�ÚÊö/ã�ÝLÚÊéG�=øJ5��[ø�P�Ý[ç
ç
Ý êXì�â,ï�ÝLÜCå
ß�ì�â�â=ì�é/å�ÚàÛ�ÝLÜCÞ ß�åVôfðòíXï_ÚÊã�é/ÝLÜ

Q ã�Ú3Û=Ü
íLåCÝLâ/êXÝÔô/Ý*ê�ñ/ÚÊè�é/ÝÏç�äÐÛ�Ý�ô/Ý�ó�Ü
áXåàÝXâ Û�ì�é/ÜCêLÝXâ�ç�ÚÊó�Ý�Û�ì�é/ÜëÛ�ì�é=ï�ìÊß�Ü�ñ/ìÊÞ ì�óÊíLâ/íXß�å
ÝXÜëã�Ú
Þ ÚÊå
åCÝ*Ü
ìÐê�ñ/ÝLé/åCÝ�ÝLâ�êLìÊâ/å
ß�ô/íLÜ
ÚÊâ,ç�ã�ÚÔô/ß�åCç
Ü
ß�ö=é=ç�ß�ì�â�â Ú_ç
é/Ü
ÝXã�ã�Ý�ô/ÝXåëê>ÚÊÜ
ÚÊêXç
íLÜ
ß�åCç
ß�è�é/ÝLåëÞàíLêLÚ:÷
â/ß�èÐé=ÝLåüô/ß�
(íLÜCÝLâ,ç�ÝXåLø

Q ã�Ú�ô/íXô/é/ê[ç�ß�ìÊâ ß�â/ô/ß�ÜCÝLê[ç�Ý8ô/ÝLåÏê>Ú_Ü�ÚÊê[ç�íLÜCß�ågç�ß�è�é/ÝXå�Þ íXê>ÚÊâ/ß�è�é/ÝLåR<S>�ÝXç�@ ÝXâ Ú_Û/Û/ã�ß�è�é ÚÊâ,ç�ã�Ý
êLìÐÝ�TàêXß�ÝLâ,çPô/Ý�êXì�â,ï�ÝXÜ
å
ß�ì�â�ô/Ý�ïÐß�ç
ÝLå
åCÝVîüê�ñ ÚÊè�é/Ý�íLê�ñ ÚÊâ,ç
ß�ã�ã�ì�â�ÝXç�ÝLâ�é�ç�ß�ã�ß�å
ÚÊâ,çNé/â/Ý�êLì�ÜCÜ
íLã�Ú_ç�ß�ì�â
ã�ß�â/í>Ú_ß�Ü
ÝU�1ì�ö=ç�ÝXâ�é/Ý�Û ÚÊÜ�ã�ÝLå�ÝXå
å�Ú_ß�åæÞàíLê>Ú_â/ß�è�é/ÝXåàþ¥ï�ìÊß�Ü�Ú_é/å
åCß¡ã�ÝLåõç�ÚÊö/ã�Ý>ÚÊéÐýP øV�*ÝXç�P øJ4�ô ÚÊâ/å
ãcð6ÚÊâ/â=Ý[ý�Ý�PW�

úæÜ
áXå�îàûüì�åCÝ>ÚÊé�ý Þ�ÚÊÜCâ/ÝLå�ïÊÝLÜ
åCß�êXì�ã�ì�ÜCÝLå
LPÚÊÜ
ÚÊÞÏø/ô/Ý�êLì�ÜCÜ
íXãcø ô X êLìÐÝ�
�ø/êLì�ÜCÜ
íXãcø ô X êLìÐÝ�
�ø êLì�ÜCÜ
íLãRø

ï�ßJç�ÝXå
å
Ý�÷ZY Q �&�[�F5�5 4\�J4U� �#�%]�$�� Q �U���K4�� �����%�K5 �#�J5�]��
ïÐß�ç
ÝLå
åCÝ�÷Z<?> ÷^���#�J�\� �#�J�����K4\� �#�%]�� ÷���4\�_5O� �\�J�#����]�� �#�%]�]K5
`)acbed?fhgjihkmlonqp�nqr�sut^pwv3x yKv[z3{�p^pw|u}Hnqt^~j{���vu�Ot^pwv[}Hn���~�twv3xwxwv[y���xw{���vutW}jv3x�z�nqp�n�zutw|up^~jxwt^~j�O�Fv3x
r�|3z�nq�K~j�U�Fv3xc� > vut�����vu���Elon&�u�;�K�Fve��nq}jvu�Kpm��x^�Kp�}HnSy�pw{�~�twv)yKv�pw|u�(pwv3xwx^~j{���xwvez�nq}jzu�K}jve�.nqpZ�
���������O�9�u�� � q�c¡£¢U�

ÙBÚëêLìÊâ�ïÊÝLÜCå
ß�ìÊâÔô/Ý�ã�Ú�ç
ìÊç�ÚÊã�ß�ç
í�ô/ÝLå�íLê�ñ/ÚÊâ,ç�ß�ã�ã�ì�â=åVô/ì�â,ç�ã�Ú�ïÐß�ç
ÝLå
åCÝ ô=Ý åCì�â3Úëí[ç�í Þ ÝXå
é/ÜCíLÝ�â/ì�é/å
ô/ì�â/â=Ý ã�ÝLå�Ü
íXå
é/ãJç�Ú_ç
åüå
é/ßJïÊÚ_â�ç
å[¤

��ø���]K¥ å
é=ÜM��Þ á[ç�Ü
ÝXå�ô/Ý�êLÚÊÜ
ìÊçCç�ÚÊóÊÝVô/éàúæÜ
áLå¡Û�ÝLé�ï�ÝLâ,ç)¦Xç
Ü
Ý�Ú:ç
ç�ÜCß�ö/é=íLå¡ÚÊéG�:ó�Ü
ì�é=Û(ÝVï*§7��4����K"
� Þ��_å��cø¨$#�&¥ ÚÊÛ=Û ÚÊÜCç
ß�ÝXâ/â/ÝLâ,çõÚÊé©�_ó�ÜCì�é/Û�ÝæïG§ª��5����K"«� Þ��_å��cø

��ø�Y¡â ÚÊÛ/Û/ã�ß�è�é ÚÊâ,ç ã�ÚÏêLì�ÜCÜ
íLã�Ú_ç�ß�ì�â ÝLâ,ç�ÜCÝ*ã�ÚÏïÐßJç�ÝLåCå
Ý�Ý[ç�ã�ÝLåpêLÚÊÜ�Ú_êXç�íXÜ
ß�åCç�ß�è�é/ÝLå�ÞàíLêLÚÊâ/ß�èÐé=ÝLåpô=é
ó�ÜCáLåq��ì�âàì�ö=ç
ß�ÝXâ�ç�Û�ì�é/Ü�ã�Ý�ó�Ü
ì�é=Û(Ý�����4����K"ëé/â+<S>�Þàì-ä�ÝLâ ô/Ý������JBRLPÚU����ÝLâ�Û�ì�é/Ü�ã�Ý�ó�Ü
ì�é=Û(Ý
����5����K"�é/âR<S>õô=Ý����G�%B�L�ÚU�cø
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Histogramme de la distribution de la vitesse du son du Grès à Roseaux

vitesse du son du Grès à Roseaux [m/s]

fr
éq

ue
nc

e

2500 3000 3500 4000 4500

0
1

2
3

4
5

6
7

ÃHÄ�ÅoÆ�ÇJÈ9É�Ê�Ë	Ì±Ä�ÍSÍSÎÐÏ&Î�ÈoÑ�ÇVÉCÎ�ÈCÈ9Î�È�Ï(Ò[È9Ê�ÓÔÏ&Ò[ÕÐÌCÖ�È�×SØ�ÊqÈ9Î�Ä�Ò(Ù

−2 −1 0 1 2

25
00

30
00

35
00

40
00

45
00

Comparaison de la distribution du Grès avec une distribution normale
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vitesse du son axiale [m/s]

Correlation entre la vitesse du son et le module de Young
(Gres a Roseaux)
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vitesse du son axiale [m/s]

Correlation entre la vitesse du son et le module de Young
(Marnes versicolores)
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vitesse du son axiale [m/s]

Correlation entre la vitesse du son et RC
(Gres a Roseaux)
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vitesse du son axiale [m/s]

Correlation entre la vitesse du son et RC
(Marnes versicolores)
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Histogramme de la distribution de la vitesse du son des Marnes versicolores

vitesse du son des Marnes versicolores [m/s]
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Comparaison de la distribution des Marnes versicolores avec une distribution normale

quantiles théoriques
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Á8Â Ã�Ä�Å]Æ	Ä¦ÇiÈ�Ä¦É Ê�Ë�Ê	ÌXÈ�Ã�ÍlÎ�Ä8È�Ë�Ä�Ê�Ï�ÌXÂ Ã�Ð Æ	Ì�Å�ÑÒÃ�Á8Ó]Å}Ó�Á8ÊgÔ�ÆsÄ_Ó}Õ�Ï�Å}Ó�Ö�Æ	Ì�Å}Æ�Ï�Ì_Â ×�Å}Ø�Õ�ÆPÙ\ÚNÃÛÇ	Â Ë>ÁXÌ8È�Ó]ÌXÆ�Î\Ó]Å
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Å-È Ü Â ÌXÕ�Æ�Æ	ÄSÁNÓ]Ë�Ç	Â�Ë�Ë/Ã�Æ�ÙpßBÅ®Æ	ÄSÁ�È�Å]Â ÌXÄ^ÁXÌXØ�Ä�Ó]Õ�ÏTÂ Ì_Á8È�Ë>Á(Ý/Ã�Æ�Å]Æ�Ï�ÌXÆ�Õ�Ó]Æ	Ìzà_Æ	Ã·Ô�ÆOÏ�È�ÌXÈ�Õ�Ø!Á8Ì_Æ	Ä�Ã�Á8Ó]Å}Ó}Ä_Ê
ÄXÂ Ó�ÁQÔ�Ê5àXÞ¦Ï�Ì_Â�ÇKá�ÆOÔ�ÃsÕ�Ó}Ë�Ó]Õ�Ã�ÕâÏlÂ�Ã�Ì(Ý/ÃaÑ³Ã�Ë�ÆYÇ�Â Ë>Ð Æ�ÌXÉ Æ�Ë�Ç	ÆYÔ�Ã·Ï�ÌXÂEÇ	Æ	Ä_ÄXÃ�Ä�ÄXÂ Ó�Á(ÏTÂ ÄXÄ_Ó}×�Å]Æ�Ù

ã Â�Õ�Õ�ÆZÅ-ÈäÕ�Ê!Á8á�ÂEÔ�ÆZÔaÑÒÆ	ÄXÄXÈ�Ó}Ä�Æ�ÁgÔaÑ³Æ�ÌXÌ_Æ	Ã�Ì_Ä	ÎMÇ	Æ�Á_Á8Æ·Õ�Ê!Á8á�ÂEÔ�ÆsÆ	Ä_Á�Á8Ì_Ø	Ä�Ç	Â å�ÁXÆ	Ã�Ä_Æ�Æ	ËæÁ8Æ	Õ�Ï�Ä
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Ë/Ã�Õ�Ê�ÌXÓ]ÝEÃ�Æ	ÄzÆ�Ë>Á8ÌXÆ$ÔaÑ³Ã�Ë�Æ$Ï�ÈPÌ_Á*Å}Æ	Ä�ÇKá�È�Ì_É Æ	Õ�Æ	Ë>ÁXÄ	Î�Å]Æ	Ä�Ï�È�ÌXÈ�Õ�Ø!Á8Ì_Æ	Ä�Õ�Ê�ÇiÈ�Ë�Ó]Ý/Ã�Æ	Ä*Æ�Á*Å-ÈQÉ Ê	Â Õ�Ê�ÁXÌXÓ]Æ�Î�Æ�Á
ÔaÑ³È�Ã�Á8Ì_ÆYÏ�È�Ì_ÁQÅ]Æ	ÄQÔ�Ê	Ï�Å-È�Ç�Æ	Õ�Æ	Ë>Á8Ä�ÎTÅ]Æ	Ä(Ô�Ê Ü Â ÌXÕ�ÈPÁXÓ}Â Ë�Ä(Æ!Á�Å}Æ	ÄQÇ�Â Ë>Á8Ì8ÈPÓ}Ë>Á8Æ�Ä��¡Ð Â Ó]Ì^Ö�É Ã�Ì_Æ���Ù������!Ù ã Æ!ÁXÁ8Æ
È�Ï�Ï�Ì_Â�ÇKá�Æ�Ô�Æ�ÐEÓ}Æ�Ë/ÁOÌ_ÊiÈ�Å]Ó}ÄXÈ�×�Å}Æ�Ý/Ã�È�Ë�Ô�Â ËcÔ�Ó]ÄXÏTÂ ÄXÆ�Ô2Ñ³Ã�ËäË�Â�Õ�×�ÌXÆ�Ô�Æ�Ô�Â Ë�Ë�Ê�Æ	ÄOÊ	É È�ÅzÂ ÃcÄ_Ã�ÏTÊ	ÌXÓ]Æ	Ã�Ì
È�ÃsË�Â Õ�×�Ì_Æ�Ô�Æ	Ä�Ó}Ë�Ç	Â Ë�Ë/Ã�Æ�Ä	Ù���Â Ã�Ä�È�ÌXÌ_Ó]Ð�Â Ë�Ä�Þ�Å-È�ÄXÂ�Å}Ã�ÁXÓ}Â Ë�Ï�ÈPÌ�Ã�Ë�ÆOÏ�ÌXÂEÇ	Ê�Ô�Ã�ÌXÆOÔaÑÒÂ Ï�ÁXÓ}Õ�Ó}ÄXÈPÁ8Ó]Â ËaÙ

mesure

mesure

mesure

chargements

paramètres mécaniques

géométrie

déplacements

déformations

contraintesanalyse indirecte

re−formulation 
mathématique

����� �"!�#%$�&('*)	+-,/.103254(6 798/: ;<.1=�;<>@?A2@8B2@CED�F<: GE8�HI:1;<F<:
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É Æ	Ë�Ç	Æ�Ô�È�Ë�ÄQÇKá�È�Ý/Ã�Æ�Ó]ÁXÊ	ÌXÈPÁ8Ó]Â Ë�Ô�Ó}Ì_Æ	Ç!Á8Æ�Î�Ã�ËsÁXÆ	Õ�Ï�ÄQÔ�ÆOÇiÈ�Å]Ç	Ã�Å2Ó}Õ�ÏlÂ ÌSÁKÈ�Ë>Á Ü Ã�ÁQË�Ê	Ç�Æ	ÄXÄXÈ�Ó}Ì_Æ�Ù
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K = coefficient des terres au repos

Influence de K sur RC

RC en DPL, RT=10% RC
RC en DPL, RT=0.1 MPa
RC en AXI, RT=10% RC
RC en AXI, RT=0.1 MPa
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���/5��4� 5
� ± �h"#$&�%(���¯�&���!+�58"#+��4�¯�H"'2!� ± =,� D{=3"!�!$&��>�Â�(S�/73� (�2!$A��=,�4=¯*�+��K�����4+�5)"!+��!�K2!�K5��!�C��+�$A2#�%$�"
2!+��-+�()�K�A$ ± ()�����!�%$A"#�w�,(�"#�4�K�A�,2B5j� $&(�"!2B�&�,2B5)�&+�2B5��&�%24"!$A¹
=32K¿Iu%� $&�1¹ ± +��!�KÃ)>sÄ Ä ÀÅ>�xd�/5��3(�"#������7,�H"!"#�
���!�%$A"#����=H"#�3�!D{$&(��K�,(�24+�$A"!�¯�f«s��( ± �&�<�)�¯�4+�5)"#+)�!�%F�*�+�$^���3uC�!�%$A"6°3"!�!�¯�%+)"!� +��6���´Æ%M{��� ± �!=32w�
��(�2'�A�,2
D²���!(��326�H"'O�Ç�ÈB�
�%(�2-�A� ± �!¥32¯¿Y2!�3�&� (��A�,2-DE�32!+��4�,2-�
�%()26�&��7X�XuC$A"!=´É)¤�Ç�Ê%O���u��%(�"6��«¬�3µ�� (��)�!�,D{�,(�":ÀH>
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��=3GI�%�!DE��"#$A� (�2�5����%2l"#$A*C+)�,2,>8ËÌ�¶(��%+�21GY�%�A���%$�"Á��� (�7��4�3"!�!� +)u%�,�B+�(D{�C��¥,�A�'(�+�D{=,�4$&*�+���*�+�$�2#��"!$&24GY��2!2!�
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5
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½4¾	¿+À�ÁcÂB¾(Ã�Ä�ÅYÆ�¾	¿G¾	Á9Â�Ã�¾ÈÇI¾	¿GÉÊÅlÂ�Ë	Ã�ÀÌÅYÍ�ÎÐÏ�Ñ�Ò:ÓRÔ�Õ�ÑvÖp×IØÚÙvÑ�ÒªÑvÔ�Õ�Ö7Ñ�ÛRÑ�Ò;ÜÝØ�Õ�ÞvÖ7ÓEØ�ßLàâápã�ßUÑvÔ(Õ�ßUÔäÖpå�ÛRÑ
Õ�Öpæ�Ò)ÓjÜÝçcã�ÖpÕ�ØÚÔ�ÕéèYØ�ÔUÒ)ÛRÑ�Ùvã�ÜÝçcã�Ö�Õ�Ñ�Ü+Ñ�Ô�Õ)èlßêÜÝØÚÒpÒ7Ój×�ëUìLÓ�ã�Ô]Ùvã�ÔUÒpÓRèUævÖ7Ñ0í(ßUÑ0ÛEØ�ÛjÓEØÚÓjÒ7ã�ÔÝÑ�Ô�Õ�ÖpÑ
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Ù�Ã#Í#¼�ÅÉÀ2Ã#Ç:ÅCÛ�À�Ç4Ã#Å�Å#Ç:¾GÌ�º4ÃÉÀ�Â�È ¾.¼ Â�Ã ×

B Ì Á Ô*Ì�Í�Å«Ä�¼�Â�Ô�Ã#Í#¼�È@ÃÉÌ�Ä�¼2Ê�Ä�¼ Å«Á À�º:Á�Ì�º:Å�Ñ*È Ô*¾.È Á À�Â�Ç4ËtÌ�¼ Å(Æ*Ô�ÂVÃ,Ù@ÃÉÍ#¼�¼@Ó&¼�Á�Ã#Ì�È ÅþËVÌ�ÇÒÁ Ô�Í#Í#¼�ÅC�
¿DÔ�Â�Ä�¼ Â�Ã5ÕAÄ�¼ Å�Á�Ô*Â�Ö�Ñ�Ì�ÍÉÀ2Ã#Ç:Ô*Â�ÅGÇ:Â�Å�Ã�À2Ú�º:¼�Å ×Ð ºJÛ�À�Ì[Ã3À�º4Ô*Í#Å�ÃÉÍ�Ô*Ì�Æ*¼�Í�Ì�Â�¼(À�¿�¿�Í�Ô[Á�Ï�¼�¿DÔ*Ì�Í�¿¤Ô*Ì�Æ�Ô*Ç:Í
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partie supérieure de
la boite de cisaillement
(latéralement immobilisé)
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tF

échantillon partie inférieure de
la boite de cisaillement
(déplacement seulement dans l’horizontale)

liquide
(pression interstitielle)
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Ú ÈMÉ�Ç~×	Æ`ÂyÉ�Ç	ÌRÙ Ú ÈeËnÌ Ú Æ`Å Ú ÄnÅ
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î ×{ÌRÙ{Ù	ÂyÈ`ÉhËIÆ`ÉnÙýÁnÝZÞ1ÐMß è ÈMÂc×
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d        = distance critique entre les nouveaux cavités et SG4/5

cav2
d        = distance critique entre les nouveaux cavités eux−memes^
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f gPh)i@jlk kmgdjnh kdoXf)p�jqkdo
f gPh)i@jnr kdsmjqt rXsXo)p�jqtdf
f gPh)i@jnf kmgdjlo kdiXoXomjqt7h
f gPh)i@jno gPh@jli h kdoXsmjqt7h uwvxg rXpdo)t
f gPhXo gyfmjqk rXo@gyomjqpXt uwvzk gyf)pdtmjnhXf
f gPh)o@jnr kXk kdiXiXfmjlrXf uwv{h rdo)kds
f gPh)o@jlt gbt�jlf h)s)pdsmjqtmg
f gPh)o@jno kXk�jIg kdi)p7r@jlr uwvWi k�h)oXs
f gbtds@j`g kXt�jlf k7h)iXsmjnh p
f gbtds@jlt kmgdjlr kdoXi@gdjqkXk 3}|@~�: g k�h)sXi
f gbtds@jni kXk�jIg kdi)p7r@jlr
f gbtds@jno kmgdjnh kdoXf)p�jqkdo
f gbtmgXjlk kdsmjlo rXsXrXimjqkdi
f gbtmgXjlt o@jnf h)r)t7h@jIgbp
f gbtmgXjlt gysmjlr h)rXrds@jIg
f gbtmgXjnf gbp r)pdr)t�jqkdo
f gbtmgXjni kdr kXpdfXsmjli)p
f gbtmgXjno kdrmjqt kXpds)k�jIgyr
f gbtXkmjns � rXiXf)t�jlfXf 3}|@~�: k rXfXi7h�jqk�g
p gbtXkmj`g gyfmjIg rXodhdh�jIg
p gbtXkmjlt gyfmjlr rXiXo)t�jqpmg
p gbtXkmjni gPh@jlr hXhXh)smjqtdf
p gbt7r gPh@jqk hXh pmgdjliXr
p gbtdr@j`gbt gyrmjlf h)fXfXomjIgbk
p gbtdr@jRh gPh h tdr)t�jqpmg
p gbtdr@jlt gPh@jIg h tdsXrmjqtXt
p gbtdr@jni gPh@jlr hXhXh)smjqtdf
p gbt�h gPh@jIg h tdsXrmjqtXt
p gbt7h�j`g gPh@jnh hXh)sXomjqpXk
p gbt7h�jnr gyrmjlo h tdfXimjlr)t
p gbt7h�jlt gbt�jIg h kdsXtmjlr
p gbt7h�jlp gbt�jqk h�gbpXp�jlfXr
p gbtdt gyf rXoXfXimjqpXt
p gbtXtmj`g gbt�jli h)s@gyimjloXo
p gbtXtmjnf gPh@jlf h)rdh)omjlr)k
p gbtXtmjlpXt gyrmjlf h)fXfXomjIgbk
p gbt7f gyfmjlo r)pXtdpmjnh
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