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Abstract
The studied area is as a small portion of Sanandaj - Sirjan Zone (SSZ). Metamorphic rocks in this

area subdivided to 2 groups on their setting: Regional and Contact. Slate and Phyllite are petrograph-
ic facieses of regional metamorphism. This metamorphism has affected a vast area and is of low grad
in green schist (Chlorite Zone). The Boroujerd granitoid massif is elongated and parallels the prevail-
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ing schistose in these rocks by the trend of NW-SE. By the injection of it, a contact metamorphism has
occurred which can be considered as a pyroxene hornfels facies. Contact metamorphic rocks, consist-
ing of spotted schists, hornfels-schist, hornfelses and migmatites, are evident only to the north of the
pluton, because the southern margin of it is controlled by a fault system parallel to the contact and the
granitoid rocks are thrusted onto the metamorphic rocks. Field and microscopy evidence show that
migmatites are injective and occurred by intrusion of granitoid magma into metamorphic rocks.
Calculation of garnet-biotite thermometer by all of the average calibrations, account 472° C for equi-
librium this two minerals in hornfels. 

Key words: Boroujerd, hornfels, migmatite, metamorphism, Sanandaj - Sirjan Zone. 
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22--  22--  øøõõ°°ðð××éȩ̧́||ººýý··••||øø††

ô…́û|ÿ øõ°ð×ȩ́|ºý·• º†ìê ¶ñä|ø†üþ …¶• Þú ¬° ¤~ ̂Ö†¾ê

ºý·•|ø†ÿ èßú|¬…° ô øõ°ð×ȩ́|ø† Ú±…° ¬…°ð~. {×†ô– …¾éþ …üò

¶ñä|ø† ‹† ºý·•|ø†ÿ èßú|¬…°€ �ý»±Ö• {Œéõ° ¬° Þ†ðþ|ø†ÿ ¬â±âõðþ

ìœ†ô°{þ ô ¬° ð}ýœú ì¥õ º~ó {~°üœþ Öõèý†¶ýõó …¶•€ …ì† øñõ²

‹Û†ü†ÿ Öõèý†¶ýõó ‹©¿õÁ ¬° ðíõðú|ÿ ¬¶}þ ¬ü~û ìþ|ºõ¬. ‹† …üñßú

øõ°ð×ȩ́|ºý·•|ø† øñõ² ºý·}õ²ü}ú ̈õ¬ °… ¤×Ì Þ±¬û|…ð~| ôèþ

¶©•|{± º~û| ô {† ¤~ô¬ÿ ¤†è• øõ°ð×é·þ �ý~… Þ±¬û|…ð~. ¬° …üò

¶ñä|ø† ‹éõ°ø†ÿ „ð~…èõ²ü• ‹ú ̈õ‹þ ¬ü~û ìþ|ºõð~ ô Ö†‹±üà

�±Öý±ôâ±…ðõ‹ç¶}ýà ‹ú ¶ñä ìþ|¬øñ~. ¬° ‹ÏÃþ …² ðíõðú|ø† ðý³ Þú

‹ú ¶í• {õ¬û ð³¬üà|{± ø·}ñ~ „ð~…èõ²ü•|ø† …² ‹©¼ ¤†ºýú|…ÿ ‹ú

¶ýéýí†ðý• ÖýŒ±ÿ )ÖýŒ±ôèý•( {Œ~üê º~û|…ð~.|

�¤í~ �¤í~ÿ|̈é
þ1� ²ø±� Æùí�¶�þ2� ºù±ü�° Þ»}ã±3* |: ðã±ºþ ðõ �± ¶ñä|ø�ÿ ¬â±âõðþ ìñÇÛú|ÿ �±ô�±¬|

²ìýò|ºñ�¶þ Þ�°�±¬ÿ - ¶�ë �ù�°ï - ºí�°û|ÿ ¬ôï 47

{¿õü± 2- {¿�ôü± ìýß±ô¶ßõ�þ �² ¶ñä|ø�ÿ ¬â±âõðþ:|a-|  ¶ñä|ø�ÿ ¬â±âõðþ ð�¤ýú|�ÿ�b-|  ºý·�|ø�üþ �� èßú||ø�üþ �² �ð~�èõ²ü��|c-|  ºý·�|ø�üþ ��

èßú||ø�üþ �² â�°ð��|d-Þ±¬ü±ü� �� ì�Þê ¶�Î� ºñþ� e-|| {�~üê �ð~�èõ²ü� �ú ¶ýéýí�ðý� ìñ»õ°ÿ� |f-{�~üê �ýõ{ý� �ú ¶ýéýí�ðý� Öý�±ÿ )Öý�±ôèý�(. 



22--  33--  øøõõ°°ðð××éȩ̧́||øø††

‹† �ý»±Ö• {†‡÷ý± ¬â±âõðþ ìœ†ô°{þ€ ¶ñä||ø† Ö†‹±üà

â±…ðõ‹ç¶}ýà  ‹ú ̈õ¬ ìþ|âý±ð~ ô Öõèý†¶ýõó ¬° „ó|ø† ¤Ù̄ ìþ|ºõ¬

ô ¶©• ô ì}±…Þî ìþ|â±¬ð~. …üò ¶ñä|ø† ð·Œ• ‹ú ºý·•|ø†ÿ

èßú|¬…° â·}±½ Þí}±ÿ ¬…°ð~ ô …Òé� ¬° ðõ…¤þ ºí†ë€ ºí†ë|º±Ý ô

º±Ý ìñÇÛú °̈ñíõó ¬…°ð~ ô ¬° ‹©¼|ø†ÿ ›ñõ‹þ ‹ú ð~°– ¬ü~û|

ìþ|ºõð~. {±Þý� …üò ¶ñä|ø† ¬° ›†ø†ÿ ì©}éØ ì}×†ô– …¶•€

‹ú|Æõ°ÿ|Þú ¬° ‹ÏÃþ Ú·í•|ø†ÿ ‹©¼ ºí†èþ ¤†ôÿ ¶ýéýí†ðý•

ìñ»õ°ÿ ø·}ñ~. ¬° ‹©¼|ø†ÿ ›ñõ‹þ ‹ý»}± ¤†ôÿ Þ±¬ü±ü• ô

„ð~…èõ²ü• ìþ|‹†ºñ~€ Þú ìþ|{õ…ð~ ð†ºþ …² ì}×†ô– ‹õ¬ó {±Þý� ¶ñä

…ôè̂ýú̂ ô º±…üÈ æ²ï ‹±…ÿ {»ßýê …üò Þ†ðþ|ø† ‹†º~. |

‹ú|Æõ°Þéþ̂ øõ°ð×ȩ́|ø†ÿ ìõ›õ¬ ¬° ìñÇÛú ¬…°…ÿ ¶ú Þ†ðþ

º†̈À ¬â±âõðþ üÏñþ Þ±¬ü±ü•€ „ð~…èõ²ü• ô ¶ýéýí†ðý• ìþ|‹†ºñ~

ô ‹ú Æõ° ìõÂÏþ ô ̈ýéþ ›³þ̂ â†°ð• ðý³ ¬ü~û ìþ|ºõ¬. ¬° …üò

¶ñä|ø† Þ±¬ü±ü• ‹† ì†Þê ¶†Î• ºñþ ){¿õü±|d| -2(  ¬ü~û ìþ|ºõ¬ ô

Ö†‹±üà �±Öý±ôâ±…ðõ‹ç¶}ýà ‹ú ¶ñä ìþ|¬ø~ ô ‹† ð³¬üà º~ó ‹ú

{õ¬û€ „ð~…èõ²ü• ðý³ Ê†ø± ìþ|ºõ¬. ¤Ãõ° „ð~…èõ²ü• ô Þ±¬ü±ü• ‹†

øî ¬° …üò ¶ñä|ø† ìþ|{õ…ð~ ‹ú ¬èýê �†ˆýò ‹õ¬ó ¬°›ú|ÿ …Þ·ý~…¶ýõó

ð†ºþ …² Ö±…ô…ðþ ìõ…¬ ̂„èþ Þ±‹ñþ ‹†º~.)8691 renruT(¤Ãõ° …üò

ìõ…¬ ìõ›� {ñ³ë ì±²ø†ÿ ô…Þñ»þ ¬° ¶ñä ‹ú ¬°›†– �†ˆýò|{±

ìþ|â±¬¬ )4991 yerF & rehcuB(ô øíýò …ì± ¶Œ� Î~ï ¤Ãõ°

ìœíõÎú|ÿ �†°…́ð³ÿ …¶}†°ôèý•- „ð~…èõ²ü• ¬° …üò ìñÇÛú ðý³ º~û

…¶•. ‹éõ°ø†ÿ „ð~…èõ²ü• ºßê …¶×ñœþ ô ¶†̈}í†ó …¶ßé}þ ¬…°ð~

ô ‹ú ¾õ°– �õþ̂|Þýéõ‹ç¶}ýà ¬ü~û ìþ|ºõð~€ ‹ú|Æõ°ÿ|Þú ì†ðñ~

ºŒßú|…ÿ€ ‹éõ°ø†ÿ ÞõŸà ‹þ|ºí†°ÿ …² ì·ßõôü•€ ‹ýõ{ý•€ Þõ…°{³

ô Þ±¬ü±ü• °… Ö±… ìþ|âý±ð~ Þú ¤†Þþ …² °º~ ¶±üÐ …üò Þ†ðþ| ìþ|‹†º~.

‹ú ¶Œ� �ý»±Ö• ¬â±âõðþ€ ¶ýéýí†ðý• ¬° ¤†ºýú|ÿ „ð~…èõ²ü• Ê†ø±

ìþ|ºõ¬ ô Þî|Þî ‹† ð³¬üà|{± º~ó ‹ú {õ¬û€ �éþ|ìõ°Öý·î „ð~…èõ²ü• ‹ú

¶ýéýí†ðý• …Ö³…ü¼ ìþ|ü†‹~ ô â†û „ð~…èõ²ü• ‹ùÇõ° Þ†ìê ‹ú

¶ýéýí†ðý• {Œ~üê ìþ|ºõ¬. ){¿õü±e|-2(  ºõ…ø~ �}±ôâ±…Öþ ð»†ó

ìþ|¬ø~ Þú ¬° …üò ¶ñä|ø† ¶ýéýí†ðý• ‹ú|¾õ°– ìñ»õ°ÿ ô

ÖýŒ±ôèý}þ ¬ü~û ìþ|ºõ¬ ô ‹ú ðË± ìþ|°¶~ Þú ÖýŒ±ôèý•|ø† ‹ú|Æõ°

ì·}Ûýî …² ‹ýõ{ý•|ø† ‹ú|ô›õ¬ „ì~û|…ð~. ){¿õü± f|-2( ¶ýéýí†ðý•

ìñ»õ°ÿ ìíßò …¶• …² ÖýŒ±ôèý•|ø†ÿ ÚŒéþ ðý³ ¤†¾ê º~û ‹†º~.

ô›õ¬ ¶ýéýí†ðý• ‹ú ¾õ°– ‹éõ°ø†ÿ ¶õ²ðþ ¬°ôó „ð~…èõ²ü•

‹ý†ðã± â̄° …² ²ôó „ð~…èõ²ü• ‹ú ¶ýéýí†ðý• …¶•. …² Æ±Ù ¬üã±

øí±…øþ ‹ýõ{ý• ‹† „ð~…èõ²ü• ¶Œ� {·±üÐ ¬° ô…Þñ¼|ø†ÿ {»ßýê

¶ýéýí†ðý• ìþ|â±¬¬€ ²ü±… …üò Þ†ðþ ‹ú ¾õ°– üà {·±üÐ Þññ~û

)Þ†{†èý³ô°( Îíê ìþ|Þñ~.)1991 retsoF(‹ýõ{ý•€ �}†¶ýî|Öé~¶�†°€

ÖýŒ±ôèý• ô â†°ð• ðý³ ¬° ²ìýñú ¶ñä ¬ü~û ìþ|ºõð~ ô {õ°ì†èýò ‹ú

Îñõ…ó Þ†ðþ Ö±Îþ Ú†‹ê ì»†ø~û …¶•.|

22--  44--  ììýýããíí††{{ýý••||øø††

…üò ¶ñä Îí~{†_ ¬° ‹©¼ ºí†èþ {õ¬û ô ¬…̈éþ|{±üò ‹©¼ ø†èú|ÿ

¬â±âõðþ Ú±…° ¬…°¬ Þú ¬° ì±² ‹çÖ¿ê ‹† {õ¬û ¬ü~û ìþ|ºõð~ ô �̧ …²

¶ýéýí†ðý• øõ°ð×ȩ́|ø† ‹ú ¶í• {õ¬û Ê†ø± ìþ|ºõð~. ¬° …üò

¶ñä|ø† „÷†°ÿ …² ®ôŽ ‹©»þ ¬ü~û ìþ|ºõ¬ ô ¶†̈•|ø†ÿ ìýãí†{ý}þ

){¿õü± 3( ‹ú ôÂõ§ ì»†ø~û ìþ|ºõð~. …üò ¶†̈•|ø† º†ìê

Ÿýò|ø†ÿ ›±ü†ðþ )�}ýãí†{ýßþ( ø·}ñ~ Þú ›ù• ̈†¾þ °… ð»†ó

ðíþ|¬øñ~€ ü† ‹ú ÎŒ†°– ¬üã± ¤†¾ê {ñ¼ ðý·}ñ~€ ‹éßú ð†ºþ …² ‹ú

¤†è• ̈íý± ¬°„ì~ó …üò ¶ñä|ø† ¬° …÷± ¤±…°– ²ü†¬ ìþ|‹†ºñ~. ¬° …üò

¶†̈•|ø† ‹©¼|ø†ÿ °ôºò ‹ú ¾õ°– °âú||ø†ÿ ð†ìñËî ¬° ¤~ ̂Ÿñ~

¶†ð}ý í}± {õ¶Ïú ü†Ö}ú|…ð~. ¬° ô…ÚÐ ‹©¼ èõÞõ¶î …üò ¶ñä|ø† ø·}ñ~

ô ‹ú|Æõ° ô…Â¦ {±Þý� â±…ðý}þ ¬…°ð~ ô …² Þõ…°{³€ �ç´üõÞç²€

„èß†èþ|Öé~¶�†°€ ‹ýõ{ý•€ ì·ßõôü• ô …�†á {»ßýê º~û|…ð~ ô ¬…°…ÿ

‹†Ö• â±…ðõæ° ô ìý±ìßý}þ ìþ|‹†ºñ~. ¬° ‹©¼ {ý±û€ ‹ýõ{ý•

Ö±…ô…ó|{±üò Þ†ðþ ìþ|‹†º~€ Þú â†û ÖýŒ±ôèý• ‹ú ̈±ž „ó|ø† ‹ú ô›õ¬

„ì~û |…¶•. Þ†ðþ|ø†ÿ {»ßýê|¬øñ~û|ÿ ‹©¼ {ý±û Þõ…°{³€

�ç´üõÞç²€ „èß†èþ|Öé~¶�†°€ ‹ýõ{ý•€ ì·ßõôü• ô …�†á ìþ|‹†ºñ~.

‹† {õ›ú̂ ‹ú ºõ…ø~ ¾¥±…üþ ô ìýß±ô¶ßõ�þ€ …üò ¶ñä|ø† ¬°

¤ÛýÛ• ¬° …÷± {³°üÜ ì†âí†ÿ â±…ðý}õˆý~ÿ ‹ú ¬°ôó ¶ñä|ø†ÿ

¬â±âõðþ ‹ú ô›õ¬ „ì~û|…ð~. ‹ú ÎŒ†°– ¬üã± …² ðõÑ ìýãí†{ý•|ø†ÿ

{³°üÛþ ìþ|‹†ºñ~€ ‹ú Æõ°ÿ Þú  °âú|ø†ÿ °ôºò â±…ðý}þ ¬° …üò

¶ñä|ø† ‹ú ¾õ°– ð†ìñËî ¬ü~û ìþ|ºõð~. {õ¬û|ÿ â±…ðý}õˆý~ÿ

ìùî|{±üò Î†ìê {†‡ìýò ¤±…°– ô „Ž æ²ï ‹±…ÿ º±ôÑ ®ôŽ ‹©»þ

‹õ¬û ô …üò ¶ñä|ø† ¬° …°{Œ†É ‹† ¬â±âõðþ ìœ†ô°{þ ìþ|‹†ºñ~.|

ô›õ¬ Þ±¬ü±ü• ‹† ì†Þê ¶†Î• ºñþ ô {Œ~üê „ð~…èõ²ü• ‹ú

¶ýéýí†ðý• ìñ»õ°ÿ ¬° ¶ñä|ø†ÿ ìñÇÛú ){¿õü±d-2 ô|e(| ¤†Þþ …²
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�¤í~ �¤í~ÿ|̈é
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üà ¬â±âõðþ �ý»±ôð~û|ÿ ¬ì† ‹†æ ìþ|‹†º~.)1991 .la te reeD(

‹± …¶†¹ °ô…‹È �†°…́ð}ýßþ ÆýØ ¬ì†üþ 056-006 ¬°›ú|ÿ ¶†ð}ýã±…¬

‹±…ÿ „ó|ø† ‹±„ô°¬ ìþ|ºõ¬.)6791 relkniW(…² Æ±Ù ¬üã± ¤Ãõ°

„ð~…èõ²ü• ô ðŒõ¬ Þý†ðý• ¬° …üò ¶ñä|ø† ¤†Þþ …² ¬â±âõðþ ¬°

Ö»†°ø†ÿ Þí}± …² Ÿù†° Þýéõ‹†° ìþ|‹†º~.)6791 relkniW(‹ú| …üò

{±{ý� ¬â±âõðþ ìœ†ô°{þ ¬° ìñÇÛú|ÿ ìõ°¬ ìÇ†èÏú ¤~…̂Þ±̃ {† ¤~^

°̈·†°û|ÿ �ý±ôÞ·ò øõ°ð×ȩ́ �ý¼ °Ö}ú …¶•. ìœíõÎú|ÿ

Þ†ðþ|ºñ†¶þ ø†èú|ÿ ¬â±âõðþ€ ôüµâþ|ø†ÿ ¶±ÿ °̈·†°û|ÿ {ý‘ üà

)I(ô ²ü± °̈·†°û|ÿ )1991 ycarT & nosittaP( C °…ð»†ó

ìþ|¬øñ~. ¬° …üò ¶±ÿ Þ±¬ü±ü• ô „ð~…èõ²ü• ¬° ¬°›†– �†ˆýò ô

ì}õ¶^È {õ¶Ïú ü†Ö}ú|…ð~ ô ìœíõÎú|ÿ „ð~…èõ²ü•- �}†¶ýî |Öé~¶�†° ü†

„ð~…èõ²ü• - ¶ýéýí†ðý• - �}†¶ýî|Öé~¶�†° ¬° ¬°›†– ‹†æ ‹†

øí~üã± øí³ü·• ø·}ñ~ ô ìœíõÎú|ÿ â†°ð• - ¶ýéýí†ðý• -

Þ±¬ü±ü• - �}†¶ýî| Öé~¶�†° ÖÛÈ ¬° ‹ÏÃþ …² Ú·í•|ø†ÿ ø†èú

¬ü~û ìþ|ºõð~. øõ°ð×ȩ́|ø† ¬° ¬°›†– ì}õ¶È̂ ¬…°…ÿ ìœíõÎú|ÿ

ì·ßõôü• - Þ±¬ü±ü• - „ð~…èõ²ü• - ‹ýõ{ý• - Þõ…°{³ ìþ|‹†ºñ~.|

22--  55--  ººýýííþþ  ÞÞ††ððþþ||øø††

›ù• ‹±^°¶þ °Ö}†° ́õ̂ºýíý†üþ Îñ†¾± ¬° ¶†̈}í†ó Þ†ðþ|ø†ÿ

ì©}éØ ô ìÇ†èÏú|ÿ Þ†ðþ|ºñ†¶þ ¶ñä|ø†ÿ ìñÇÛú|ÿ ìõ°¬ ìÇ†èÏú|€

ðíõðú|ø†üþ …² ¶ñä|ø†ÿ „®°üò ô ¬â±âõðþ …ð}©†Ž ô …² „ó|ø† ìÛÇÐ

ð†²á ¾ýÛéþ {ùýú º~. ðÛ†Æþ …² Þ†ðþ|ø†ÿ ì©}éØ ìõ°¬ „ð†èý³ø†ÿ

Þí^þ Þ†ðý†üþ ìýß±ô�±ôŽ …èß}±ôðþ ì~ë|| 001-XS ACEMAC¬°

„²ì†ü»ã†û …èß}±ôó ìýß±ô�±ôŽ …ð·}ý}õ ìýñ±…èõÿ́ ô �}±ôèõÿ́

¬…ð»ã†û ø†ìŒõ°å Þ»õ° „èí†ó Ú±…° â±Ö• Þú ð}†ü� „ðù† ¬° …üò

ìÛ†èú …°…̂ú ìþ|ºõ¬.

›ù• ‹±°̂¶þ {±Þý� ºýíý†üþ ô Ö±„üñ~ø†ÿ Öý³üßþ ô ºýíý†üþ

¤†Þî ‹± ì¥ýÈ {»ßýê �ç´üõÞç² ¬° øõ°ð×ȩ́|ø† …üò Þ†ðþ ìõ°¬

{œ³üú|ÿ …èß}±ôó ìýß±ô�±ôŽ Ú±…° â±Ö• )›~ôë 1(. ð}†ü�

¤†¾ê …²…üò {œ³üú|ø† ð»†ó ìþ|¬øñ~ Þú {±Þý� �ç´üõÞç²

ìõ›õ¬ ¬° øõ°ð×ȩ́|ø† …² ||33=nA| {† ||73=nA| {Óýý± ìþ|Þñ~ ô ¬°

°¬û|ÿ …èýãõÞç²-„ð~²üò Ú±…° ìþ|âý±ð~.|

‹±°̂¶þ ôÂÏý• ºýíý†üþ ì·ßõôü•|ø†ÿ ìõ°¬ {œ³üú Ú±…°

�¤í~ �¤í~ÿ|̈é
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{¿õü± 3- {¿�ôü±ÿ �² ðí�ÿ Þéþ̂ ìýãí�{ý�|ø�ÿ ìõ�õ¬ ¬° ìñÇÛú Þú ¶�̈�|ø�ÿ ìýãí�{ý}þ �² �íéú �ýò|ø�ÿ �±ü�ðþ )�}ýãí�{ýßþ( Þú ¬° �÷±

ô�õ¬ ì̄�	 {»ßýê º~û|�ð~ �ú ̈õ�þ ¬ü~û ìþ|ºõð~.



â±Ö}ú ¬° â±…ðõ¬üõ°ü•|ø† ô øõ°ð×ȩ́|ø†ÿ ìõ›õ¬ ¬° ‹çÖ¿ê

„ó|ø† )›~ôë 2( ð»†ó ìþ|¬øñ~ Þú {±Þý� …üò Þ†ðþ ¬° …üò ¬ô ô…¤~

¶ñãþ ì©}éØ Þ†ìç_ ì}×†ô– …¶•€ ‹ú Æõ°ÿ Þú ì·ßõôü•

ìõ›õ¬ ¬° â±…ðõ¬üõ°ü•|ø† ¬° ìÛ†ü·ú ‹† …üò Þ†ðþ ¬° øõ°ð×ȩ́|ø†

¬…°…ÿ …Þ·ý~ ìñý³üî€ ¬ÿ …Þ·ý~ {ý}†ðýî€ …Þ·ý~ �}†¶ýî ô …Þ·ý~

„øò|)*OeF,OgM,2OiT,O2K(‹ý»}± ô …Þ·ý~ ¶~üî ô

¶ýéý̧||)2OiS,O2aN(| Þí}±ÿ ø·}ñ~.
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�¤í~ �¤í~ÿ|̈é
þ1� ²ø±� Æùí�¶�þ2� ºù±ü�° Þ»}ã±3* |: ðã±ºþ ðõ �± ¶ñä|ø�ÿ ¬â±âõðþ ìñÇÛú|ÿ �±ô�±¬|

�~ôë 1- �ð�èý³ø�ÿ ìýß±ô�±ô	 �±�ÿ �ç´üõÞç² �² üà ðíõðú

øõ°ð×ȩ́� �ç´üõÞç² �± �¶�¹ ø»� �Þ·ýµó ì¥�¶�ú º~û �¶�.

H H H H H H ðíõðú|ÿ ¶ñä

# PIg # PIg # PIg # PIg # PIg # PIg Þ�ðþ

11 01 9 8 4 3 ti

26/95 37/95 22/95 57/95 69/85 12/85 Sio2

16/52 98/52 83/62 38/52 19/52 93/62 Ai2o3

0 0 0 0 0 0 Mgo

60/0 40/0 31/0 0 31/0 0 Feo

0 20/0 10/0 40/0 10/0 0 Tio2

10/0 10/0 0 10/0 10/0 20/0 Mno

8/6 39/6 13/7 88/6 22/7 27/7 Cao

17/7 76/7 94/7 66/7 14/7 52/7 Na2o

60/0 30 50/0 20/0 50/0 50/0 K2o

30/0 0 20/0 10/0 0 0 Cr2o3

50/0 0 0 0 40/0 0 Nio

69/99 33/001 6/001 91/001 57/99 36/99 Total

3-giP-4 3-giP-3 3-giP-2 3-giP-1

Formulae calculated on the basis of 8 Oxygen atoms

66/2 56/2 36/2 66/2 46/2 16/2 Si

33/1 53/1 83/1 53/1 73/1 93/1 Ai

0 0 0 0 0 0 Mg

0 0 0 0 0 0 Fe

0 0 0 0 0 0 Ti

0 0 0 0 0 0 Mn

23/0 33/0 53/0 33/0 53/0 73/0 Ca

76/0 66/0 46/0 66/0 46/0 36/0 Na

0 0 0 0 0 0 k

0 0 0 0 0 0 Cr

5 5 10/5 5 5 10/5 Tot

76/0 76/0 56/0 76/0 56/0 36/0 Xab

33/0 33/0 53/0 33/0 53/0 73/0 Xan 

0 0 0 0 0 0 Xor 

1 1 1 1 1 1 Total 

�~ôë2- �ð�èý³ø�ÿ ìýß±ô�±ô	 �±�ÿ ìõ¶ßõôü� �² üà ðíõðú â±�ðõ¬üõ°ü�

ô üà ðíõðú øõ°ð×ȩ́� ìõ¶ßõôü� �± �¶�¹ 11 �Þ·ýµó ì¥�¶�ú º~û �¶�.|

H H H Gd Gd ðíõðú|ÿ ¶ñä

Mus Mus Mus Mus Mus Þ�ðþ

21# 7# 6# 5# 4# Pint Namber

82/06 86/35 24/74 77/54 40/64 Sio2

53/72 58/13 16/53 43 84/43 Ai2o3

63/0 4/0 34/0 99/0 69/0 Mgo

7/0 69/0 29/0 79/1 49/1 Feo

91/0 52/0 42/0 90/1 75/0 Tio2

0 0 10/0 10/0 30/0 Mno

30/0 20/0 10/0 0 80/0 Cao

78/0 30/1 62/1 53/0 83/0 Na2o

65/6 26/7 24/ 8 52/9 81/9 K2o

10/0 50/0 0 1/0 1/0 Cr2o3

40/0 0 40/0 20/0 0 Nio

14/69 78/59 73/49 38/39 57/39 Total

3-suM-1 2-suM-2 2-suM-1

Formulae calculated on the basis of 11 Oxygen atoms

87/3 54/3 41/3 90/3 1/3 Si

22/0 55/0 68/0 19/0 9/0 AIIV

4 4 4 4 4 S

8/1 58/1 29/1 97/1 48/1 AIVI

30/0 40/0 40/0 1/0 1/0 Mg

40/0 50/0 50/0 11/0 11/0 Fe

10/0 10/0 10/0 60/0 30/0 Ti

10/0 10/0 10/0 10/0 10/0 Mn

0 0 0 0 10/0 Ca

0 0 0 10/0 10/0 Cr 

9/1 79/1 40/2 80/2 90/2 S

11/0 31/0 61/0 50/0 50/0 Na

25/0 26/0 17/0 28/0 97/0 k

35/6 37/6 19/6 49/6 39/6 Xab



ì·ßõôü• ìõ›õ¬ ¬° â±…ðõ¬üõ°ü•|ø† ¬° ìÛ†ü·ú ‹† ‹ýõ{ý•|ø†€

{»†‹ú ‹ý»}±ÿ ð»†ó ìþ|¬|øñ~ )…¤í~ÿ ̈éœþ 5831( Þú ‹ý†ðã± …üò

ðß}ú …¶• Þú ì·ßõôü•|ø† ‹ú ̈±ž ‹ýõ{ý• ‹ú ô›õ¬ „ì~û|…ð~.

ô›õ¬ …üò Þ†ðþ ‹ú ¾õ°– ›õ…ðú ô �±…Þñ~û ¬° ¤†ºýú|ÿ ‹ýõ{ý•|ø†

ô ðŒõ¬ „ó ¬° ›†ø†üþ Òý± …² ¤Ãõ° ‹ýõ{ý• ðý³ ð»†ó

ìþ|¬ø~ Þú ì·ßõôü• ‹± …÷± ¬â±¶†ðþ ¤†¾ê º~û ô

ìñ»†Š ÷†ðõÿ ¬…°¬.|

ð}†ü� ¤†¾ê …² {œ³üú|ÿ â†°ð• ¬° ºý·•|ø†€

øõ°ð×ȩ́|ø† ô â±…ðõ¬üõ°ü•|ø†ÿ ‹©¼ ¤†ºýú|ÿ

{õ¬û||ÿ ‹±ô›±¬ )›~…ôë 3 ô 4( ð»†ó ìþ|¬ø~ Þú

{±Þý� „ó ¬° ºý·•|ø† …² 36||=| |„èí†ð~üò )mlA(|€

92||=||…¶�·†°{ýò)pS(€5||=�ý±ô’)yP(€3||=|

|â±ô¶õæ° )orG(|{† 64= )mlA(€ 29|=)pS(|€| 3=

)yP(|€||4=)orG( {Óýý± ìþ|Þñ~ ô ¬° °¬û|ÿ „èí†ð~ó-

…¶�·†°{ýò Ú±…° ìþ|âý±¬. …üò Þ†ðþ ¬° øõ°ð×ȩ́|ø† Þú

…² ¤†ºýú ‹ú ¤†ºýú|ÿ üà ‹éõ° ìõ°¬ {œ³üú Ú±…° â±Ö}ú

…¶• ¬…°…ÿ {±Þý�|64=mlA€ ||27=pS€ 6=yP€ ||3=

orG| {† |82= mlA|€ |8=pS€| 6= yP|€||4=orGìþ|‹†º~

Þú ¬° °¬û|ÿ „èí†ð~ó-  …¶�·†°{ýò Ú±…° ìþ|âý±¬ ô

ìñÇÛú |‹ñ~ÿ ðý³ ð»†ó ìþ|¬ø~. ‹ý»}±üò {Óýý±…– …²

¤†ºýú ‹ú ì±Þ³ ì±‹õÉ ‹ú ›³Š „èí†ð~ó ô …¶�·†°{ýò

…¶•€ ‹ú|Æõ°ÿ|Þú …² ‹©¼ ¤†ºýú ‹ú ì±Þ³ ìÛ~…°

„èí†ð~üò ô �ý±ô’ ²ü†¬ ôèþ …¶�·†°{ýò Þî ìþ|ºõ¬.

â†°ð• ìõ›õ¬ ¬° â±…ðõ¬üõ°ü•|ø†ÿ ‹©¼ ¤†ºýú|ÿ

{õ¬û Þú …² ¤†ºýú ‹ú ¤†ºýú|ÿ üà ‹éõ° {œ³üú º~û

…¶• ¬…°…ÿ {±ÞýŒþ …²|66= mlA|€ |25=pS€ 5=yP€

4=orG{† |76=mlA€| 7=pS€| 13= yP|€||4=orG

|ìþ|‹†º~ ô {Û±üŒ†_ ¬° °¬û|ÿ „èí†ð~ó- …¶�·†°{ýò Ú±…°

ìþ|âý±¬ ô ìñÇÛú|‹ñ~ÿ ðý³ ð»†ó ìþ|¬ø~ Þú ºŒýú ‹ú

ìñÇÛú|‹ñ~ÿ ìõ›õ¬ ¬° â†°ð•|ø†ÿ øõ°ð×ȩ́|ø†

ìþ|‹†º~€ ‹ú|Æõ°ÿ Þú …² ‹©¼ ¤†ºýú ‹ú ì±Þ³ ìÛ~…°

„èí†ð~üò ô �ý±ô’ ²ü†¬ ôèþ …¶�·†°{ýò Þî ìþ|ºõ¬.

{¿õ° ìþ|ºõ¬ Þú {»†‹ú {Óýý±…– {±Þý� â†°ð• ¬°

øõ°ð×ȩ́|ø†ÿ ‹çÖ¿ê â±…ðõ¬üõ°ü• ø† ô â†°ð•

ìõ›õ¬ ¬° ‹©¼|ø†ÿ ¤†ºýú|…ÿ …üò ¶ñä ø† ¤ß†ü•

…² øî ìñ»†Š ‹õ¬ó „ó|ø† ¬…°¬. ‹ú ÎŒ†°– ¬üã± â†°ð• ìõ›õ¬ ¬°

‹©¼ ¤†ºýú|…ÿ â±…ðõ¬üõ°ü•|ø† ¬° ¤ÛýÛ• ²üñõÞ±ü·•|ø†üþ

ø·}ñ~ Þú ¬° Æþ øÃî ¶ñä|ø†ÿ ¬°‹±âý±ð~û ‹ú|¬èýê ¬ü±â~…²

�¤í~ �¤í~ÿ|̈é
þ1� ²ø±� Æùí�¶�þ2� ºù±ü�° Þ»}ã±3* |: ðã±ºþ ðõ �± ¶ñä|ø�ÿ ¬â±âõðþ ìñÇÛú|ÿ �±ô�±¬|
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�~ôë 3- �ð�èý³ø�ÿ ìýß±ô�±ô	 �±�ÿ â�°ð� �² üà ðíõðú øõ°ð×ȩ́ ô üà ðíõðú ºý·��

â�°ð� �± �¶�¹ 21 �Þ·ýµó ì¥�¶�ú º~û �¶�.|

Hornfe
ls

Hornfe
ls

Hornfe
ls

Hornfe
ls

Hornfe
ls

Sch Sch Sch ðíõðú|ÿ
¶ñä

Grt Grt Grt Grt Grt Grt Grt Grt Þ�ðþ

41# 13# 5# 2# 1# 3# 2# 1# PintNamber 

58/53 11/63 10/63 72/63 32/73 6463 32/63 78/53 Sio2

51/12 52/12 51/12 50/12 58/12 42/12 10/12 47/02 Ai2o3

56/1 46/1 16/1 7 14/1 69/0 22/1 8/0 Mgo

81/43 42/63 29 /63 98/33 54/82 60/82 31/82 83/82 Feo

30/0 30/0 90/0 40/0 90/0 60/0 0 20/0 Tio2

22/6 65/4 87/3 33/6 49/11 63/21 67/21 77/21 Mno

1/1 1/1 51/1 11/1 39/0 72/1 41/1 52/1 Cao

0 0 0 1//0 0 40/0 20/0 30/0 Na2o

0 0 10/0 0 0 0 0 0 K2o

30/0 20/0 30/0 30/0 0 20/0 30/0 30/0 Cr2o3

20/0 30/0 50/0 0 10/0 10/0 0 40/0 Nio

52/001 99/001 8/001 34/001 29/101 84/001 55/001 39/99 Total

39/2 39/2 39/2 69/2 79/2 79/2 69/2 69/2 Si

40/2 40/2 30/2 20/2 60/2 40/2 20/2 10/2 Ai

2/0 2/0 91/0 12/0 71/0 31/0 51/0 1/0 Mg

43/2 64/2 25/2 13/2 9/1 19/1 29/1 69/1 Fe

0 0 10/0 0 10/0 0 0 0 Ti

34/0 13/0 62/0 44/0 18/0 58/0 88/0 98/0 Mn

1/0 1/0 1/0 1/0 80/0 11/0 1/0 11/0 Ca

0 0 0 0 0 10/0 0 0 Na

0 0 0 0 0 0 0 0 k

0 0 0 0 0 0 0 0 Cr

40/8 50/8 0 30/8 99/7 10/8 30/8 40/8 Total

11/04 074/93 91/93 55/04 78/24 98/3 78/4 32/3 Py

98/72 32/72 31/72 37/72 56/92 19/36 39/26 46 Alm 

20/0 30/0 70/0 40/0 80/0 17/3 72/3 16/3 Gro

79/13 31/33 16/33 86/13 4/72 5/82 29/82 61/92 Sp

001 001 001 001 001 001 001 001 S



‹õ¬ó ®ôŽ ð»~û|…ð~ ô ‹†Úþ ì†ð~û|…ð~. ô›õ¬ ²üñõÞ±ü·•|ø†üþ …²

Þ†ðþ|ø†ÿ „ð~…èõ²ü• ¬° ‹©¼|ø†ÿ ¤†ºýú|…ÿ …üò ¶ñä|ø† ðý³ …üò

ìÇé� °… {†‡üý~ ìþ|ðí†ü~. øí¡ñýò …üò ‹éõ°ø† ¬…ðú|¬°º• ø·}ñ~ ô

Ú†‹ê ìÛ†ü·ú ‹† …ð~…²û|ÿ ¶†ü± Þ†ðþ|ø†ÿ ¶†²ð~û|ÿ …üò ¶ñä|ø†

ðý·}ñ~ ô …² Æ±Ù ¬üã± ¬° ¶ñä|ø†ÿ ¬â±âõðþ ìý³‹†ó Ÿñýò

Þ†ðþ|ø†ÿ ¬…ðú ¬°º}þ ‹ú Ö±…ô…ðþ ü†Ö• ìþ|ºõð~€ è̄… ‹ú|ðË±

ìþ|°¶~ Þú …üò â†°ð• |ø† ìñ»†Š ¬â±âõðþ ¬…°ð~. |

ì¥†¶Œ†– ¬ì†¶ñœþ â†°ð•- ‹ýõ{ý• ‹±…¶†¹ {œ³üú|ÿ
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�¤í~ �¤í~ÿ|̈é
þ1� ²ø±� Æùí�¶�þ2� ºù±ü�° Þ»}ã±3* |: ðã±ºþ ðõ �± ¶ñä|ø�ÿ ¬â±âõðþ ìñÇÛú|ÿ �±ô�±¬|

�~ôë4- �ð�èý³ø�ÿ ìýß±ô�±ô	 �±�ÿ �ýõ{ý� ô â�°ð� �² üà ðíõðú
â±�ðõ¬üõ°ü�� �ýõ{ý� �± �¶�¹ 11 �Þ·ýµó ô â�°ð� �± �¶�¹ 21

�Þ·ýµó ì¥�¶�ú º~û �¶�.

�~ôë 5- �ð�èý³ø�ÿ ìýß±ô�±ô	 �±�ÿ �ýõ{ý� �² üà ðíõðú øõ°ð×ȩ́�

�ýõ{ý� �± �¶�¹ 11 �Þ·ýµó ì¥�¶�ú º~û �¶�.

Hornfels Hornfels Hornfels Hornfels Hornfels ðíõðú|ÿ
¶ñä

Bit Bit Bit Bit Bit Þ�ðþ

41# 31# 5# 2# 1# PintNamber 

49/43 31/35 9/43 35/33 97/43 Sio2

53/02 18/91 32 53/91 29/91 Ai2o3

52/8 52/8 55/7 6/8 66/8 Mgo

76/02 48/02 26/81 64/12 90/12 Feo

73/1 46/1 54/1 98/1 38/1 Tio2

92/0 42/0 23/0 62/0 3/0 Mno

31/0 30/0 40/0 31/0 20/0 Cao

92/0 3/0 3/0 72/0 52/0 Na2o

97/7 70/8 40/7 34/7 80/8 K2o

90/0 60/0 60/0 70/0 60/0 Cr2o3

10/0 50/0 0 1/0 70/0 Nio

64/49 54/49 92/39 90/39 70/59 Total

2-tib-3 1-tib-3 1-tib-2

2/86 7/2 56/2 36/2 66/2 Si

23/1 3/1 53/1 73/1 43/1 AIIV

4 4 4 4 4 S

15/0 94/0 27/0 24/0 64/0 AIVI

79/0 59/0 68/0 10/1 99/0 Mg

23/1 43/1 81/1 14/1 53/1 Fe

80/0 90/0 80/0 11/0 11/0 Ti

10/0 10/0 10/0 10/0 10/0 Mn

10/0 0 0 10/0 0 Ca

29/2 28/2 68/2 79/2 19/2 Cr

40/0 40/0 40/0 40/0 40/0 S

67/0 97/0 86/0 74/0 97/0 Na

27/7 27/7 95/7 57/7 47/7 Total 

Grd Grd Grd Grd Grd Grd ðíõðú|ÿ
¶ñä

Bit Bit Bit Grt Grt Grt Þ�ðþ

#8 #2 #1 #8 #2 #1 PintNamber 

16/43 55/43 52/43 Sio2 61/73 56/63 68/63 Sio2

36/81 7/81 78/81 Ai2o3 24/12 34/12 64/12 Ai2o3

84/7 54/7 80/7 Mgo 57/2 9/2 29/1 Mgo

32/32 2/32 56/32 Feo 49/33 48/33 23/13 Feo

29/1 2 43/2 Tio2 90/0 1/0 30/0 Tio2

12/0 32/0 81/0 Mno 48/4 27/4 93/8 Mno

20/0 50/0 0 Cao 71/1 41/1 42/1 Cao

51/0 22/0 91/0 Na2o 10/0 20/0 30/0 Na2o

94/8 94/8 75/8 K2o 0 10/0 0 K2o

30/0 60/0 30/0 Cr2o3 70/0 60/0 10/0 Cr2o3

0 20/0 30/0 Nio - 0 0 Nio

87/49 79/49 2/59 Total 44/101 88/001 72/101 Total

3-b-1 1tib- 1tib-

96/2 86/2 66/2 Si 79/2 59/2 69/2 Si

13/1 23/1 43/1 AIIV 20/2 30/2 30/2 Ai

4 4 4 S 33/0 53/0 32/0 Mg

4/0 4/0 93/0 AIVI 72/2 72/2 11/2 Fe

78/0 68/0 28/0 Mg 10/0 10/0 0 Ti

15/1 15/1 45/1 Fe 33/0 23/0 75/0 Mn

11/0 21/0 41/0 Ti 1/0 1/0 11/0 Ca

10/0 21/0 41/0 Mn 0 0 0 Na

0 0 0 Ca 0 0 0 k

0 0 0 Cr 0 0 0 Cr

19/2 9/2 9/2 S Ni

20/0 30/0 30/0 Na 20/8 30/8 20/8 Total

48/0 48/0 58/0 K

77/7 87/7 87/7 Tot
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…ðœ†ï â±Ö}ú …¶• )›~…ôë 3 ô 5(. ‹±…ÿ ì¥†¶Œú|ÿ ¬ì† ‹† …üò °ô½
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33--  ðð}}ýýœœúú||ââýý±±ÿÿ

¶ñä|ø†ÿ ¬â±âõðþ ìõ›õ¬ ¬° ìñÇÛú€ º†ìê ¶ñä|ø†ÿ ¬â±âõðþ
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¶ýéýí†ðý• ìñ»õ°ÿ ¬° ¶ñä|ø†ÿ ìñÇÛú ¤†Þþ …² üà ¬â±âõðþ

�ý»±ôð~û|ÿ ¬ì† ‹†æ ìþ|‹†º~. ‹± …¶†¹ °ô…‹È �†°…́ð}ýßþ ÆýØ ¬ì†üþ

056-006 ¬°›ú ¶†ð}þ|â±…¬ ‹±…ÿ …üò ¶ñä|ø† ‹±„ô°¬ ìþ|ºõ¬. …²

Æ±Ù ¬üã± ¤Ãõ° „ð~…èõ²ü• ô ðŒõ¬ Þý†ðý• ¬° …üò ¶ñä|ø† ¤†Þþ …²

¬â±âõðþ ¬° Ö»†°ø†ÿ Þí}± …² Ÿù†° Þýéõ‹†° ìþ|‹†º~. ‹ú |…üò {±{ý�

¬â±âõðþ ìœ†ô°{þ ¬° ìñÇÛú|ÿ ìõ°¬ ìÇ†èÏú ¤~…̂Þ±̃ {† ¤~^

°̈·†°û|ÿ �ý±ôÞ·ò øõ°ð×ȩ́ �ý¼ °Ö}ú …¶•.|

{œ³üú|ÿ| �ç´üõÞç²ø† ð»†ó ìþ|¬ø~ Þú {±Þý� …üò Þ†ðþ ¬°

øõ°ð×ȩ́|ø† ¬° °¬û|ÿ …èýãõÞç²-„ð~²üò Ú±…° ìþ|âý±¬. {œ³üú|ÿ|

ì·ßõôü• ð»†ó ìþ|¬ø~ Þú {±Þý� …üò Þ†ðþ ¬° â±…ðõ¬üõ°ü•|ø† ô

øõ°ð×ȩ́|ø† Þ†ìç_ ì}×†ô– …¶• ô ì·ßõôü• ìõ›õ¬ ¬°
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Bhattacharya et al. 1992, B92, Ferry & Spear 1978, FS78,

Hodges & Spear 1982, HS82, Perchuk & Lavrent'eva

1983, PL83, Holdaway et al. 1997, HL97.

41 31 5 2 1 Grt-Bit Pairs

3 3 3 3 3 Pressure (K bar)

084 384 974 984 354 B92-HW

954 964 074 664 204 B92-GS

154 344 924 764 854 FS78

364 554 244 974 864 HS82

705 205 494 715 215 PL83

784 184 174 994 294 HL97
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