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aBstract

)RU�WKH�¿UVW�WLPH��WKLV�ZRUN�UHSRUWV�FRQFHQWUDWLRQ�PDSV�RI�DVEHVWRV�PLQHUDOV�LQ�FRQWDPLQDWHG�PLQH�
WDLOLQJV�GUDZQ�XVLQJ�WKH�UHVXOWV�RI�5LHWYHOG�TXDQWLWDWLYH�SKDVH�DQDO\VLV��43$���7KH�LQYHVWLJDWHG�VLWHV�
DUH�ORFDWHG�LQ�WKH�9DOOH�G¶$RVWD�UHJLRQ��,WDO\���&UqWD]��WKH�PRVW�LPSRUWDQW�,WDOLDQ�PDJQHWLWH�PLQH��DFWLYH�
XQWLO������DQG�(PDUqVH��RQH�WKH�PRVW�LPSRUWDQW�FKU\VRWLOH�DVEHVWRV�PLQHV�LQ�,WDO\��DFWLYH�XQWLO�������
7KH�UHVXOWV�RI�WKH�VWXG\�SHUPLW�WR�GUDZ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�DVEHVWRV��FKU\VRWLOH�DQG�WUHPROLWH�
LQ�WKLV�VSHFL¿F�FDVH��FRQFHQWUDWLRQ��XVHIXO�WR�SODQ�UHFODPDWLRQ�RI�WKH�VLWHV��ZLWK�SULRULW\�JLYHQ�WR�WKH�
DUHDV�ZLWK�WKH�KLJKHVW�DVEHVWRV�FRQFHQWUDWLRQ��%HFDXVH�RI�WKH�FRPSOH[LW\�RI�WKH�PLQHUDO�DVVHPEODJH��
ZKLFK�LQFOXGHV��DPRQJ�WKH�RWKHUV��DQWLJRULWH��FKORULWH��WDOF��DQG�WUHPROLWH��WKH�FRQFHQWUDWLRQ�RI�FKU\VRWLOH�
ZDV�FURVV�FKHFNHG�XVLQJ�GLIIHUHQW�H[SHULPHQWDO�WHFKQLTXHV�VXFK�DV�;�UD\�SRZGHU�GLIIUDFWLRQ��;53'���
)RXULHU�WUDQVIRUP�LQIUDUHG��)7,5��VSHFWURVFRS\��VFDQQLQJ�HOHFWURQ�PLFURVFRS\��6(0���SRODUL]HG�OLJKW�
RSWLFDO�PLFURVFRS\��3&20���DQG�GLIIHUHQWLDO�WKHUPDO�DQDO\VLV��'7$���7KH�DFFXUDF\�RI�WKH�UHVXOWV�ZDV�
YDOLGDWHG�E\�DQDO\]LQJ�VWDQGDUG�VDPSOHV�ZLWK�NQRZQ�FRQFHQWUDWLRQV�RI�FKU\VRWLOH�DQG�WUHPROLWH��7KH�
FRPSDULVRQ�DOORZHG�WR�SRLQW�RXW�WKH�DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�HDFK�H[SHULPHQWDO�PHWKRG�

$W�&UqWD]��FKU\VRWLOH�UDQJHV�IURP�����WR������ZW��DQG�WUHPROLWH�IURP�����WR������ZW���ZKHUHDV�
DW�(PDUqVH� WKH�FRQFHQWUDWLRQ�RI�FKU\VRWLOH�YDULHV� IURP����� WR������ZW��DQG� WUHPROLWH� IURP����� WR�
�����ZW���$QWLJRULWH�DQG�FKORULWH�DUH�WKH�PDMRU�DFFRPSDQ\LQJ�SKDVHV�ZLWK�YDULDEOH�DPRXQWV�RI�RWKHU�
DFFHVVRU\�PLQHUDOV� LQFOXGLQJ�PDJQHWLWH��FDUERQDWHV�� WDOF��ROLYLQH��S\UR[HQH�� WDOF��DQG�EUXFLWH��7KH�
UHVXOWV�RI�RXU�VWXG\�DUH�RI�NH\�LPSRUWDQFH�IRU�WKH�ORFDO�HQYLURQPHQWDO�SROLFLHV�DV�WKH�NQRZOHGJH�RI�WKH�
VSDWLDO�GLVWULEXWLRQ�RI�WKH�DVEHVWRV�FRQFHQWUDWLRQ�DOORZV�WR�SODQ�D�GHWDLOHG�UHFODPDWLRQ�DJHQGD�RI�WKH�
FRQWDPLQDWHG�VLWHV��7KH�VSRWV�ZLWK�WKH�KLJKHVW�VXUIDFH�FRQWDPLQDWLRQ�RI�ERWK�FKU\VRWLOH�DQG�WUHPROLWH�
ZHUH�LGHQWL¿HG�DQG�FODVVL¿HG�DV�SULRULW\�DUHDV�LQ�WKH�UHFODPDWLRQ�SODQ�
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introduction

&RPPHUFLDO� DVEHVWRV�PLQHUDOV� DUH� FODVVLILHG� LQWR� WZR�
JURXSV�� VHUSHQWLQH� DQG� DPSKLEROH� DVEHVWRV�� ERWK� VKDULQJ� WKH�
VDPH�ILEURXV�DVEHVWLIRUP�FU\VWDO�KDELW�EXW�GLIIHUHQW�VWUXFWXUDO�
DUUDQJHPHQWV�DW�WKH�PROHFXODU�VFDOH��%DLOH\��������7KH�ILEURXV�
DVEHVWLIRUP�YDULHW\�RI�VHUSHQWLQH�LV�FKU\VRWLOH��ZKLWH�DVEHVWRV��
ZLWK�LGHDO�FKHPLFDO�IRUPXOD�0J3�2+�4Si225. The amphibole as-
EHVWRV�IDPLO\�LQFOXGHV�ILYH�PLQHUDOV��DFWLQROLWH��DPRVLWH��ILEURXV�
YDULHW\�RI�JUXQHULWH��EURZQ�DVEHVWRV���DQWKRSK\OOLWH��FURFLGROLWH�
�ILEURXV� YDULHW\� RI� ULHEHFNLWH�� EOXH� DVEHVWRV��� DQG� WUHPROLWH��
$PSKLEROHV�KDYH�WKH�JHQHUDO�IRUPXOD�$%2C5T�222W2�ZLWK�$� �
���&D��.��/L��1D��%� �&D��)H2+, Li, Mg, Mn2+��1D��&� �)H2+, Fe3+, 
Li, Mg, Mn2+, Mn3+, Ti4+��7� �$O��6L��7L4+��:� �&O��)��22–���2+���

7KH�LGHDO��DSSUR[LPDWHG��IRUPXODV�RI�WKH�ILYH�DVEHVWRV�VSHFLHV�
DUH��DFWLQROLWH�$� ����%� �&D��&� ��)H2+��0J���7� �6L��:� ��2+���
DPRVLWH�$� ����%� �&� �)H2+��7� �6L��:� ��2+���DQWKRSK\OOLWH�
$� ����%� �&� �0J��7� �6L��:� ��2+���FURFLGROLWH�$� ����%� �
1D��&� ��)H2+, Fe3+��0J���7� �6L��:� ��2+���WUHPROLWH�$� ��; B 
 �&D��&� �0J��7� �6L��:� ��2+��

7KH� VL[� DVEHVWRV�PLQHUDOV� H[KLELW� RXWVWDQGLQJ� FKHPLFDO�
SK\VLFDO�DQG�WHFKQRORJLFDO�SURSHUWLHV�H[SORLWHG�IRU�YDULRXV�LQGXV-
WULDO�DSSOLFDWLRQV��&KU\VRWLOH�KDV�EHHQ�WKH�PRVW�FRPPRQO\�XVHG�
IRUP�RI�DVEHVWRV��5HJUHWWDEO\�� WKH�XQLTXH� ILEURXV�DVEHVWLIRUP�
FU\VWDO�KDELW�DQG�VXUIDFH�DFWLYLW\��UHVSRQVLEOH�IRU�WKH�H[FHOOHQW�
WHFKQRORJLFDO�SURSHUWLHV��DOVR�VHHP�WR�EH�WKH�FDXVH�RI�DVEHVWRV�
PLQHUDOV¶�SRWHQWLDO�KHDOWK�KD]DUG��7KH�KLVWRU\�RI�WKH�HSLGHPLR-
ORJLFDO�UHSRUWV�RI�DVEHVWRV�UHODWHG�GLVHDVHV�LV�ZHOO�GHVFULEHG�LQ�
6NLQQHU�HW�DO����������$OWKRXJK�PDQ\�HSLGHPLRORJLFDO�VWXGLHV�
provided evidence that amphibole asbestos minerals are more 
KD]DUGRXV�WKDQ�FKU\VRWLOH��+RGJVRQ�DQG�'DUQWRQ��������DOO�VL[�
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�(�PDLO��DOHVVDQGUR�JXDOWLHUL#XQLPRUH�LW
��6SHFLDO�FROOHFWLRQ�SDSHUV�FDQ�EH�IRXQG�RQ�*6:�DW�KWWS���DPPLQ�
JHRVFLHQFHZRUOG�RUJ�VLWH�PLVF�VSHFLDOLVVXHOLVW�[KWPO�


