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Mechanism of mineral transformations in krennerite, Au3AgTe8, under hydrothermal 
conditions
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1.H\�/DERUDWRU\�IRU�8OWUD¿QH�0DWHULDOV�RI�0LQLVWU\�RI�(GXFDWLRQ��6FKRRO�RI�0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ��(DVW�&KLQD�8QLYHUVLW\�RI�
6FLHQFH�DQG�7HFKQRORJ\��6KDQJKDL���������&KLQD

2'HSDUWPHQW�RI�0LQHUDORJ\��6RXWK�$XVWUDOLDQ�0XVHXP��1RUWK�7HUUDFH��$GHODLGH��6RXWK�$XVWUDOLD�������$XVWUDOLD
36FKRRO�RI�&KHPLFDO�(QJLQHHULQJ��8QLYHUVLW\�RI�$GHODLGH��$GHODLGH��6RXWK�$XVWUDOLD�������$XVWUDOLD

47HFWRQLFV��5HVRXUFHV��DQG�([SORUDWLRQ��75D;���6FKRRO�RI�(DUWK�DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�$GHODLGH��$GHODLGH��6RXWK�$XVWUDOLD�������$XVWUDOLD
56FKRRO�RI�&KHPLVWU\�DQG�3K\VLFV�6FLHQFHV��8QLYHUVLW\�RI�$GHODLGH��$GHODLGH��6RXWK�$XVWUDOLD�������$XVWUDOLD

aBstraCt

&DODYHULWH��NUHQQHULWH��DQG�V\OYDQLWH�DUH�$X�$J�WHOOXULGHV�ZLWK�FORVH�FRPSRVLWLRQV�DQG�UHODWHG�FU\VWDO�
VWUXFWXUHV��3UHYLRXV�H[SHULPHQWDO�VWXGLHV�VKRZ�WKDW�ERWK�FDODYHULWH�DQG�V\OYDQLWH�WUDQVIRUP�WR�SRURXV�
³PXVWDUG´�JROG�XQGHU�K\GURWKHUPDO�FRQGLWLRQV��KRZHYHU�WKH�WUDQVIRUPDWLRQ�RI�V\OYDQLWH�IROORZV�D�
FRPSOH[�UHDFWLRQ�SDWK�ZLWK�VHYHUDO�LQWHUPHGLDU\�SURGXFWV��FRQWUDVWLQJ�ZLWK�WKH�VLPSOH�UHSODFHPHQW�RI�
FDODYHULWH�E\�JROG��+HUH�ZH�UHSRUW�UHVXOWV�RI�DQ�H[SHULPHQWDO�VWXG\�RI�WKH�WUDQVIRUPDWLRQ�RI�NUHQQHULWH��
D�SKDVH�ZLWK�$J�FRQWHQWV�LQWHUPHGLDWH�EHWZHHQ�WKRVH�RI�FDODYHULWH�DQG�V\OYDQLWH�

.UHQQHULWH�ZDV�UHSODFHG�E\�$X�$J�DOOR\�XQGHU�DOO�H[SHULPHQWDO�FRQGLWLRQV�H[SORUHG������WR�����
s&��S+7 c���DQG����YDU\LQJ�DYDLODELOLW\�RI�R[\JHQ���1R�UHDFWLRQ�ZDV�REVHUYHG�DW�WKH�VDPH�WHPSHUDWXUH�
XQGHU�GU\�FRQGLWLRQV��7KH�UHSODFHPHQW�ZDV�SVHXGRPRUSKLF�DQG�WKH�UHVXOWLQJ�$X�$J�DOOR\�ZDV�SRURXV��
FRQVLVWLQJ�RI�ZRUP�OLNH�DJJUHJDWHV�ZLWK�GLDPHWHUV�UDQJLQJ�IURP�����QP�WR���RP��7KH�UHSODFHPHQW�
RI�NUHQQHULWH�SURFHHGV�YLD�DQ�LQWHUIDFH�FRXSOHG�GLVVROXWLRQ��UH�SUHFLSLWDWLRQ��,&'5��UHDFWLRQ�PHFKD-
QLVP��7HOOXULXP�LV� ORVW� WR� WKH�EXON�VROXWLRQ�DV�7H�,9��FRPSOH[HV��DQG�PD\�SUHFLSLWDWH�DZD\�IURP�
WKH�GLVVROXWLRQ�VLWH��,Q�FRQWUDVW��$X�$J�DOOR\�SUHFLSLWDWHV�ORFDOO\�QHDU�WKH�NUHQQHULWH�GLVVROXWLRQ�VLWH��
2YHUDOO��WKH�K\GURWKHUPDO�DOWHUDWLRQ�RI�NUHQQHULWH�LV�YHU\�VLPLODU�WR�WKDW�RI�FDODYHULWH��EXW�GLIIHUV�IURP�
WKH�DOWHUDWLRQ�RI�V\OYDQLWH��IRU�ZKLFK�PXOWL�VWHS�UHDFWLRQ�SDWKV�OHG�WR�FRPSOH[�SURGXFWV�DQG�WH[WXUHV�
XQGHU�VLPLODU�FRQGLWLRQV��7KHVH�VWULNLQJ�GLIIHUHQFHV�DUH�GULYHQ�E\�WKH�FRPSHWLWLRQ�EHWZHHQ�VROLG�VWDWH�
UHDFWLRQV�DQG�,&'5�UHDFWLRQ�LQ�V\OYDQLWH��7KLV�UHIOHFWV�WKH�IDFW�WKDW�D�PHWDVWDEOH��$J�ULFK�FDODYHULWH�
QXFOHDWHV�RQ�V\OYDQLWH�GXULQJ�WKH�HDUO\�VWHSV�RI�LWV�GLVVROXWLRQ��DV�D�UHVXOW�RI�WKH�FORVH�UHODWLRQVKLS�
EHWZHHQ�WKH�VWUXFWXUHV�RI�WKHVH�WZR�PLQHUDOV�DQG�WKH�HQULFKPHQW�LQ�$X��$J��DQG�7H�LQ�VROXWLRQ�DW�WKH�
UHDFWLRQ�IURQW��,Q�FRQWUDVW��IRU�FDODYHULWH�DQG�NUHQQHULWH��QR�VXFK�SKDVH�SUHFLSLWDWHV��DQG�ERWK�PLQHUDOV�
DUH�WUDQVIRUPHG�LQ�D�SVHXGRPRUSKLF�PDQQHU�LQWR�$X�$J�DOOR\�
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*ROG�VLOYHU�WHOOXULGHV�DUH�LPSRUWDQW�DFFHVVRU\�PLQHUDOV�LQ�
PDQ\�$X�GHSRVLWV��&RRN�HW�DO���������DQG�FDUU\�D�VLJQLILFDQW�
SURSRUWLRQ� RI� WKH�$X� LQ� GHSRVLWV� VXFK� DV� WKH�*ROGHQ�0LOH��
.DOJRRUOLH��$XVWUDOLD� �6KDFNOHWRQ� DQG�6SU\� ������� DQG�(P-
SHURU�� )LML� �$KPDG� HW� DO�� �������&RPPRQ�$X�$J�WHOOXULGHV�
LQFOXGLQJ�FDODYHULWH��V\OYDQLWH��DQG�SHW]LWH�DUH�IRXQG�LQ�ERWK�
ORZ�WHPSHUDWXUH�K\GURWKHUPDO�YHLQV��f200 s&��DQG�PRGHUDWH��
WR�KLJK�WHPSHUDWXUH��!����s&��GHSRVLWV��&DEUL�������

=KDR� HW� DO�� ������� ������ ������ VWXGLHG� WKH� UHDFWLYLW\� RI�
FDODYHULWH�DQG�V\OYDQLWH�DW�WHPSHUDWXUHV�DERYH�����s&�RYHU�D�
ZLGH�UDQJH�RI�K\GURWKHUPDO�FRQGLWLRQV��&DODYHULWH�DQG�V\OYDQLWH�
FDQ�KDYH�RYHUODSSLQJ�FRPSRVLWLRQV��DQG�VKDUH�D�VLPLODU�OD\HU�
VWUXFWXUH�WRSRORJ\��)LJV����DQG�����8QGHU�R[LGL]LQJ�FRQGLWLRQV�
7H�ZDV� ORVW� WR� WKH�EXON�VROXWLRQ�DV�7H4+�FRPSOH[HV� �=KDR�HW�
DO���������������������8OWLPDWHO\��FDODYHULWH�DQG�V\OYDQLWH�DUH�
UHSODFHG�LQ�D�SVHXGRPRUSKLF�PDQQHU�E\�KLJK�SRURVLW\�JROG�RU�

$X�$J�DOOR\��ZKLFK�IRUP�ZRUP�OLNH�DJJUHJDWHV�ZLWK�GLDPHWHUV�
UDQJLQJ�IURP�����QP�WR���RP��,Q�WKH�UHSODFHPHQW�RI�FDODYHULWH�
E\�JROG��=KDR�HW�DO���������������WKH�WUDQVIRUPDWLRQ�SURFHHGV�
LQ� D� SVHXGRPRUSKLF�PDQQHU� YLD� DQ� LQWHUIDFH� FRXSOHG� FDOD-
YHULWH�GLVVROXWLRQ�JROG� �UH�SUHFLSLWDWLRQ� �,&'5��PHFKDQLVP��
ZLWK�FDODYHULWH�GLVVROXWLRQ�EHLQJ�UDWH�OLPLWLQJ�UHODWLYH�WR�JROG�
SUHFLSLWDWLRQ��7KH�SRURXV�JROG�REWDLQHG�XQGHU�K\GURWKHUPDO�
FRQGLWLRQV�LQ�=KDR�HW�DO��������¶V�VWXG\�LV�UHPLQLVFHQW�RI�QDWXUDO�
PXVWDUG�JROG��LPSO\LQJ�WKDW�QDWXUDO�PXVWDUG�JROG��ZKLFK�UHVXOWV�
IURP�WKH�ZHDWKHULQJ�RI�$X�WHOOXULGHV��PD\�IRUP�YLD�D�VLPLODU�
GLVVROXWLRQ�UHSUHFLSLWDWLRQ�PHFKDQLVP�

,Q� FRQWUDVW�� WKH� WUDQVIRUPDWLRQ�RI� V\OYDQLWH� WR�$X�$J�DO-
OR\�IROORZV�D�FRPSOH[�UHDFWLRQ�SDWK��DQG�UHVXOWV�LQ�FRPSOH[�
WH[WXUHV��,Q�DGGLWLRQ�WR�$X�$J�DOOR\��D�UDQJH�RI�RWKHU�SKDVHV�
IRUP�DV�LQWHUPHGLDWH�SURGXFWV��LQFOXGLQJ�SHW]LWH��$J3$X7H2���
KHVVLWH� �$J27H���DQG� WZR�FRPSRVLWLRQV�RI�FDODYHULWH��DQ�$J�
ULFK±7H�GHSOHWHG�FRPSRVLWLRQ���$X����$J0.22�7H������DQG�D�QRUPDO�
FDODYHULWH���$X����$J�����7H2��7KLV�FRPSOH[LW\�LV�GXH�WR�WKH�IDFW�
WKDW�,&'5�UHDFWLRQV�FRPSHWH�ZLWK�VROLG�VWDWH�UHDFWLRQV�LQ�V\O-
YDQLWH��=KDR�HW�DO���������,QLWLDOO\��V\OYDQLWH�ZDV�UHSODFHG�E\��(�PDLO��DOODQ�SULQJ#VDPXVHXP�VD�JRY�DX�


