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abStract

We use microscopic and electron microprobe techniques to study samples of ores containing native 

JROG�ZLWK�GDUN�ULPV�RI�$X�$J�VXO¿GHV�IURP�VL[�GHSRVLWV�DQG�RUH�RFFXUUHQFHV�RI�5XVVLD��.KRSWR��$X�&X�
VNDUQ���8ODNKDQ��<XQRH��$X�$J�HSLWKHUPDO���'RUR]KQRH��.RQHFKQRH��DQG�<DNXWVNRH��$X�TXDUW]���'DUN�
ULPV�DURXQG�QDWLYH�JROG�DUH�X\WHQERJDDUGWLWH��$J3AuS2��RU�SHWURYVNDLWH��$J$X6���RU�D�PL[WXUH�RI�DFDQWKLWH�
�$J2S) with uytenbogaardtite or uytenbogaardtite with petrovskaite. In the ore samples from the Khopto 

DQG�8ODNKDQ�GHSRVLWV��ZH�KDYH�IRXQG�PLFURULPV�RI�KLJKHU�¿QHQHVV�JROG�DW�WKH�FRQWDFW�RI�QDWLYH�JROG�
DQG�$X�$J�VXO¿GH��7KH�UHDFWLRQV�RI�QDWLYH�JROG�VXO¿GDWLRQ�RFFXUULQJ�LQ�QDWXUDO�SURFHVVHV�DUH�SURSRVHG�
EDVHG�RQ�WKH�FRPSRVLWLRQV�RI�$X�$J�VXO¿GHV��WKHLU�PXWXDO�WH[WXUDO�UHODWLRQVKLSV��7KH�FRPSRVLWLRQ�RI�
$X�$J�VXO¿GHV�ULPV�ZDV�IRXQG�WR�GHSHQG�RQ�WKH�SULPDU\�¿QHQHVV�RI�QDWLYH�$X��X\WHQERJDDUGWLWH�IRUPV�
DIWHU�JROG�RI�¿QHQHVV�DERYH����Å��ZKHUHDV�SHWURYVNDLWH��DERYH����Å��:H�SURSRVH�WKDW�WKH�¿QHQHVV�RI�
JROG�DQG�VLOYHU�PD\�EH�XVHG�IRU�IRUHFDVWLQJ�SUHVHQFH�RI�X\WHQERJDDUGWLWH�RU�SHWURYVNDLWH��RU�D�PL[WXUH�RI�
DFDQWKLWH�ZLWK�X\WHQERJDDUGWLWH�RU�X\WHQERJDDUGWLWH�ZLWK�SHWURYVNDLWH�LQ�VXO¿GH�RUHV�DW�$X�$J�HSLWKHUPDO��
$X�VNDUQ��$X�&X�YROFDQLF�KRVWHG�PDVVLYH�VXO¿GH��$X�TXDUW]�VXO¿GH��DQG�RWKHU�GHSRVLWV�
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introduction

Gold and silver in nature occur in a native state, forming a 

FRQWLQXRXV�$J�$X�VROLG�VROXWLRQ��:KLWH�HW�DO��������<XVKNR�
=DNKDURYD� HW� DO�� ������0RUULVRQ� HW� DO�� ������*DPPRQV� DQG�
:LOOLDPV�-RQHV�������3DO\DQRYD�������6SLULGRQRY�DQG�<DQDNL-
HYD��������7KH�ILQHQHVV��1Au��HTXDO�WR�����ā$X��$X�$J���E\�
ZHLJKW��LV�XVHG�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�FRPSRVLWLRQ�RI�
$X�$J�DOOR\V�RU�QDWLYH�JROG�DQG�VLOYHU��'HSHQGLQJ�RQ�WKH�ILQHQHVV�
�LQ�Å���WKH�IROORZLQJ�QDWLYH�JROG�DQG�VLOYHU�DUH�GLVWLQJXLVKHG��
³$X�ULFK�HOHFWUXP´�RU�³KLJKILQHQHVV�JROG´������y������³HOHF-
WUXP´�����y������³$J�ULFK�HOHFWUXP´�RU�ROG�WHUP�DV�³NXVWHOLWH´�
����y�����DQG�QDWLYH�VLOYHU�����y����%R\OH�������3HWURYVND\D�
1993). Silver nuggets are commonly covered with black crusts 

RI�VLOYHU�VXOILGH��DFDQWKLWH��$J26���7KH�VWXG\�RI� WKH�FKHPLFDO�
composition of dark rims on native gold has led to the discovery 

RI�WKH�$X�$J�VXOILGHV��X\WHQERJDDUGWLWH��$J3AuS2���%DUWRQ�HW�
DO��������DQG�SHWURYVNDLWH��$J$X6���1HVWHUHQNR�HW�DO���������
Mineral assemblages with these Au-Ag sulfides were found in 

$X�$J�HSLWKHUPDO��$X�VNDUQ��$X�&X�YROFDQRJHQLF�PDVVLYH�VXO-
ILGH��DQG�$X�TXDUW]�VXOILGH�GHSRVLWV��=KHQ�MLH�HW�DO��������&DVWRU�
DQG�6MREHUJ�������0DUFRX[�HW�DO��������6KHHWV�HW�DO��������'LOO�
������$O¶VKHYVNLL�������*UHIILH�HW�DO��������:DUPDGD�HW�DO��������
&KDXYHW�HW�DO��������.RQHHY�������0DM]ODQ�������3DO\DQRYD�DQG�
6DYYD�������������$QLVLPRYD�HW�DO��������3URVNXUQLQ�HW�DO��������
6DYYD�HW�DO��������&RFNHU�HW�DO���������$X�$J�VXOILGHV�FRH[LVWLQJ�
with native gold also were stricken in the gold-placer mines of 

QRUWKHDVWHUQ�5XVVLD��$O¶VKHYVNLL�������

Au-Ag sulfides form veinlets, isolated micro-inclusions and 

10–100 Pm rims occurring in native gold, rarely as single crystals 

DQG�WKHLU�DJJUHJDWHV��±��PP�LQ�VL]H��5HDFWLRQ�ULPV�DUH�IRUPHG�
ZKHQ�WZR�SKDVHV�RU�DVVHPEODJHV�WKDW�FDQQRW�FRH[LVW�VWDEO\�DUH�LQ�
contact and react to produce a new phase or an assemblage along 

WKHLU�LQWHUIDFH��)LVKHU��������7KH�VSHFLILF�FKHPLFDO�PHFKDQLVPV�
of reaction rim formation are not well understood for these 

systems. Numerous disembodied data can be found in literature 

cited above on the fineness of native gold and compositions of 

DVVRFLDWHG�$X�$J�VXOILGHV��7KH�FRQFHQWUDWLRQ�RI�JROG�DQG�VLOYHU�
in Au-Ag sulfides, as well as in native gold, varies in a wide range 

�6DYYD�DQG�3DO\DQRYD�������3DO\DQRYD�������3DO\DQRYD�HW�DO��
�������7KH�REMHFWLYHV�RI�WKH�SUHVHQW�VWXG\�DUH�WR�VXPPDUL]H�WKH�
available data on the sulfidation of native gold, to reveal compo-

VLWLRQDO�YDULDWLRQV�DQG�UHJXODULWLHV�DQG�WR�H[SODLQ�WKH�PHFKDQLVP�
of Au-Ag sulfides formation. Uytenbogaardtite and petrovskaite 

are related to rare minerals that are not so widespread. However, 

the formation mechanism of Au-Ag sulfides in natural condi-

tions is important for understanding the geochemistry, transport, 

and deposition of noble metals. Au-Ag sulfides were found in 

sulfide ores of some deposits in amounts comparable to native 

JROG��IRU�H[DPSOH��<XQRH��3DO\DQRYD�DQG�6DYYD��������1D]D-
UHQR��3RQJNRU��*UHIILH�HW�DO���������DQG�%URNHQ�+LOOV��&RFNHU�
et al. 2013), and, therefore, their presence should be taken into 

account in the development of technological schemes of Au and 

Ag concentration and recovery.

materialS and methodS
We have thoroughly studied some polished sections of ore samples or mounts 

FRQWDLQLQJ�JUDLQV�RI�QDWLYH�JROG�ZLWK�GDUN�ULPV�RI�$X�$J�VXOILGHV�IURP�VL[�GHSRVLWV�
DQG�RUH�RFFXUUHQFHV�RI�5XVVLD��.KRSWR� �$X�&X�VNDUQ���8ODNKDQ��<XQRH� �$X�$J�

American Mineralogist, Volume 99, pages 1095–1103, 2014

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

�3UHVHQW�DGGUHVV��,*0�6%�5$6��.RSW\XJD�DYH������1RYRVLELUVN�
��������5XVVLD��(�PDLO��SDO\DQ#LJP�QVF�UX


