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abstract

,Q�WKH�SUHVHQW�VWXG\��ZH�FRPSXWHG�WKH�WKHUPR�FKHPLFDO�DQG�WKHUPR�SK\VLFDO�SURSHUWLHV�RI�WKH��M1 
SRO\W\SH�RI�PXVFRYLWH�LQ�WKH��±���*3D�DQG��±����.�UDQJHV��XVLQJ�WKH�K\EULG�')7�%�/<3�'�GHQVLW\�
IXQFWLRQDO��FRUUHFWHG�WR�WDNH�LQWR�DFFRXQW�GLVSHUVLYH�IRUFHV��DQG�E\�XVLQJ�WKH�TXDVL�KDUPRQLF�DSSUR[LPD�
WLRQ��7KH�EXON�PRGXOXV�K7��RI�PXVFRYLWH��LWV�¿UVW�GHULYDWLYH�Kƍ��DQG�WKH�XQLW�FHOO�YROXPH�DW�]HUR�SUHVVXUH�
V��DW��������.��FDOFXODWHG�XVLQJ�D�WKLUG�RUGHU�%LUFK�0XUQDJKDQ�HTXDWLRQ�RI�VWDWH��ZHUH�K7�� �������*3D��
Kƍ� �������DQG�V�� �������c���2XU�WKHRUHWLFDO�GDWD�DUH�LQ�JRRG�DJUHHPHQW�ZLWK�SUHYLRXV�H[SHULPHQWDO�
UHVXOWV�REWDLQHG�E\�;�UD\�GLIIUDFWLRQ��7KHUPDO�EXON�PRGXOL��K7��WKHUPDO�H[SDQVLRQ�FRHI¿FLHQWV��D7, and 
KHDW�FDSDFLW\�DW�GLIIHUHQW�P-T�FRQGLWLRQV�DUH�JLYHQ��ZKLFK�FRXOG�EH�XVHIXO�LQ�ERWK�JHRSK\VLFDO�DQG�WHFK�
QRORJLFDO�DSSOLFDWLRQV��7KH�UHVXOWV�RI�WKLV�NLQG�RI�DQDO\VLV�FDQ�EH�XVHG�LQ�WKH�VWXG\�RI�WKH�WKHUPRG\QDPLF�
SURSHUWLHV�RI�VROLG�SKDVHV�DW�SK\VLFDO�FRQGLWLRQV�WKDW�DUH�GLI¿FXOW�WR�REWDLQ�GXULQJ�H[SHULPHQWDO�SURFHGXUHV��
HVSHFLDOO\�XQGHU�FRQWUROOHG�KLJK�SUHVVXUHV�DQG�WHPSHUDWXUHV�
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WKHUPRFKHPLVWU\

introdUction

:KLWH�GLRFWDKHGUDO�PLFDV������SK\OORVLOLFDWHV��SOD\�D�FUXFLDO�
UROH�LQ�PRVW�SHWURJHQHWLF�SURFHVVHV��LQ�ERWK�PDJPDWLF�DQG�ORZ��
DQG�PHGLXP�SUHVVXUH�PHWDPRUSKLF�HQYLURQPHQWV��)RU�H[DPSOH��
PXVFRYLWH�FRPPRQO\�RFFXUV�LQ�PHWDPRUSKLF�URFNV�DQG�KDV�EHHQ�
XVHG�DV�PDUNHU�WR�HVWLPDWH�WKH�P-T�FRQGLWLRQV�RI�FU\VWDOOL]DWLRQ��
$PRQJ�WKH�SK\VLFDO�SURSHUWLHV�RI�LQWHUHVW��RQH�RI�WKH�PRVW�LPSRU�
WDQW�SDUDPHWHUV�LV�WKH�HTXDWLRQ�RI�VWDWH��ZKLFK�LV�WKH�SUHVVXUH��DQG�
WHPSHUDWXUH�GHSHQGHQFH�RI� WKH�PLQHUDO�XQLW�FHOO�YROXPH��6XFK�
HTXDWLRQ�LV�QHFHVVDU\�IRU�FDOFXODWLQJ�WKH�P-T�FRQGLWLRQV�RI�PLQHUDO�
UHDFWLRQV��8QGHUVWDQGLQJ� WKH�PLQHUDO� WKHUPRHODVWLF�EHKDYLRU� LV�
LPSRUWDQW�WR�SURYLGH�D�UHOLDEOH�EDVLV�IRU�LQWHUSUHWDWLRQ�DQG�SUH�
GLFWLRQ�RI�SKDVH�HTXLOLEULD��DV�WKH\�DUH�XVHG�DV�JHRWKHUPRPHWHUV�
DQG�JHREDURPHWHUV��*XLGRWWL�DQG�6DVVL�������������3XWQLV�������
*XLGRWWL�HW�DO���������7R�D�ILUVW�DSSUR[LPDWLRQ��WKH�URFN�IRUPLQJ�
ZKLWH�PLFDV�FDQ�EH�GHVFULEHG�DV�FU\VWDOOLQH�VROXWLRQV�DPRQJ�WKH�
WKUHH�HQG�PHPEHUV��PXVFRYLWH��0V���SDUDJRQLWH��3J���DQG�PDU�
JDULWH��0J���,Q�WKH�SDVW��UHVHDUFKHUV�DWWHPSWHG�WR�XVH�WKH�SDUWLWLRQ�
LQJ�RI�1D�DQG�.�EHWZHHQ�FRH[LVWLQJ�PXVFRYLWH�DQG�SDUDJRQLWH�DV�D�
JHRWKHUPRPHWHU��*XLGRWWL�DQG�6DVVL��������+RZHYHU��GLIILFXOWLHV�
DURVH�IURP�XVLQJ�VROYXV�FXUYHV�QRW�DFFXUDWH�HQRXJK�WR�PRGHO�WKH�
WKHUPRG\QDPLF�SURSHUWLHV�RI�WKHVH�WZR�PLFDV��,Q�IDFW��WKH�H[DFW�
VKDSH�RI�WKH�VROYXV��DQG�KRZ�LW�FKDQJHV�DV�D�IXQFWLRQ�RI�SUHVVXUH�
DQG�WHPSHUDWXUH�DUH�VWLOO�QRW�ZHOO�NQRZQ�

0DQ\�H[SHULPHQWDO�VWXGLHV�FRQWULEXWHG�WR�WKH�NQRZOHGJH�RI�WKH�
PRODU�YROXPHV�RI�PXVFRYLWH��M1�SRO\W\SH�DQG�RI�WKHLU�YDULDWLRQ�
ZLWK�P��&RPRGL�DQG�=DQD]]L�������������DQG�T��6\PPHV�������
*XJJHQKHLP�HW�DO��������&DWWL�HW�DO��������&RPRGL�HW�DO���������

7KHVH�GDWD�DOORZHG�D�GHILQLWLRQ�RI�DQ�DSSUR[LPDWH�P-V-T�HTXDWLRQ�
RI�VWDWH�IRU�.��DQG�1D�GLRFWDKHGUDO�PLFDV��+RZHYHU��WKHVH�DUH�RQO\�
DQ�LQGLFDWLRQ�RI�YROXPHWULF�EHKDYLRU�DW�WKH�ERXQGDULHV�RI�WKH�P�T 
FRQGLWLRQV�DFKLHYHG�LQ�URFNV�LQ�WKH�(DUWK¶V�FUXVW��7R�GHWHUPLQH�
PRUH�DFFXUDWHO\�WKH�EHKDYLRU�RI�PXVFRYLWH±SDUDJRQLWH�PLFDV�LW�
LV�HVVHQWLDO�WR�YHULI\�LI�WKHUH�DUH�DQ\�µµQRQ�OLQHDU�HIIHFWV´�ZKHQ�
ERWK�P and T�DUH�KLJK��,I�WKH�HIIHFWV�RI�P and T�RQ�WKH�YROXPHWULF�
SURSHUWLHV�RI�PXVFRYLWH±SDUDJRQLWH�PLFDV�ZHUH�SUHFLVHO\�NQRZQ�
IRU�WKH�IXOO�UDQJH�RI�P�T�FRQGLWLRQV�RI�JHRORJLF�LQWHUHVW��LW�ZRXOG�
EH�SRVVLEOH�WR�DFFXUDWHO\�FDOFXODWH�HIIHFWV�RQ�WKH�PXVFRYLWH±SDUD�
JRQLWH�VROYXV��5HODWLYHO\�VPDOO�FKDQJHV�LQ�H[FHVV�PRODU�YROXPH�
FRXOG�KDYH�VLJQLILFDQW�HIIHFW�RQ�VROYXV�OLPE�SRVLWLRQV��SDUWLFXODUO\�
LQ�WKH�����WR�����qC range.

+RZHYHU��LW�LV�RIWHQ�GLIILFXOW�WR�REWDLQ�WKH�HTXDWLRQ�RI�VWDWH��
HVSHFLDOO\�LQ�QDWXUDO�PLQHUDO�VDPSOHV��EHFDXVH�WKH\�SUHVHQW�D�VHULHV�
RI�ERWK�SK\VLFDO� DQG�FKHPLFDO� LQWHUQDO�KHWHURJHQHLWLHV� �FDWLRQ�
RUGHU�GLVRUGHU��PRUSKRORJLFDO�� FU\VWDO�FKHPLFDO�� DQG� FU\VWDO�
SK\VLFDO� YDULDWLRQV�� WKDW� KLQGHU� D�ZHOO�FRQVWUDLQHG� HYDOXDWLRQ�
RI� WKH�SK\VLFDO� SURSHUWLHV� �0RQGRO� HW� DO�� �������)XUWKHUPRUH��
REWDLQLQJ�H[SHULPHQWDOO\�WKH�VLPXOWDQHRXV�SUHVVXUH�DQG�WKHUPDO�
�P-T��EHKDYLRU�RI�D�PLQHUDO�LV�VWLOO�D�GLIILFXOW�WDVN��ZKLFK�UHTXLUHV�
FRPSOH[�DQG�H[SHQVLYH�DSSDUDWXVHV�

,Q�UHFHQW�\HDUV��WKH�DGRSWLRQ�RI�DFFXUDWH�TXDQWXP�PHFKDQLFDO�
DSSURDFKHV�LQFUHDVHG�WKH�NQRZOHGJH�RQ�PLQHUDOV��6XFK�FRPSXWD�
WLRQDO�PHWKRGV�FDQ�SURYLGH�UHOLDEOH�FU\VWDO�VWUXFWXUHV��VXEVHTXHQWO\�
XVHG�WR�\LHOG�ERWK�WKH�HODVWLF�DQG�WKHUPDO�SURSHUWLHV�E\�YDU\LQJ�
WKH�PLQHUDO�XQLW�FHOO�DQG�XVLQJ�WKH�TXDVL�KDUPRQLF�DSSUR[LPD�
WLRQ��UHVSHFWLYHO\��0LOLW]HU�HW�DO��������2UWHJD�&DVWUR�HW�DO��������
2WWRQHOOR� HW� DO�� ������ ����E�� 3UHQFLSH� HW� DO�� ������ 6WL[UXGH�
�������7KHVH�PHWKRGV�SURYLGH�UHVXOWV�WKDW�FDQ�KHOS�WR�H[SODLQ�WKH�
WKHUPR�FKHPLFDO�DQG�WKHUPR�SK\VLFDO�EHKDYLRU�RI�PLQHUDOV�DQG�

American Mineralogist, Volume 100, pages 935–944, 2015

��������;��������±����������'2,��KWWS���G[�GRL�RUJ���������DP����������� ���������

�(�PDLO��JLRYDQQL�YDOGUH#XQLER�LW


