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abstraCt

Minor and trace elements can substitute into the crystal lattice of galena at various concentrations. 
In situ LA-ICP-MS analysis and trace element mapping of a range of galena specimens from different 
deposit types are used to obtain minor/trace element data, aimed at achieving insight into factors that 
control minor/trace element partitioning. The previously recognized coupled substitution Ag++(Bi,Sb)3+ 
ļ��3E2+�LV�FRQ¿UPHG��+RZHYHU��WKH�SRRUHU�FRUUHODWLRQ�EHWZHHQ�$J�DQG��%L�6E��ZKHQ�WKH�ODWWHU�HOH-
ments are present at high concentrations (~>2000 ppm), suggests that site vacancies may come into play: 
[2(Bi,Sb)3++��ļ��3E2+@��*DOHQD�LV�WKH�SULPDU\�KRVW�RI�7O�LQ�DOO�PDSSHG�PLQHUDO�DVVHPEODJHV��$ORQJ�ZLWK�
Cu, Tl is likely incorporated into galena via the coupled substitution: (Ag,Cu,Tl)++(Bi,Sb)3+�ļ��3E2+. 
7LQ�FDQ�UHDFK�VLJQL¿FDQW�FRQFHQWUDWLRQV�LQ�JDOHQD��!����SSP���&G�DQG�PLQRU�+J�FDQ�EH�LQFRUSRUDWHG�
LQWR�JDOHQD��WKH�VLPSOH�LVRYDOHQW�VXEVWLWXWLRQ��&G�+J�2+�ļ�3E2+�LV�LQIHUUHG��7KLV�SDSHU�VKRZV�IRU�WKH�
¿UVW�WLPH��RVFLOODWRU\�DQG�VHFWRU�FRPSRVLWLRQDO�]RQLQJ�RI�PLQRU�WUDFH�HOHPHQWV��$J��6E��%L��6H��7H��7O��
LQ�JDOHQD�IURP�WZR�HSLWKHUPDO�RUHV��=RQLQJ�LV�DWWULEXWHG�WR�VORZ�FU\VWDO�JURZWK�LQWR�RSHQ�VSDFHV�ZLWKLQ�
WKH�YHLQ�DW�UHODWLYHO\�ORZ�WHPSHUDWXUHV�

7KH�SUHVHQW�GDWD�VKRZ�WKDW�JDOHQD�FDQ�KRVW�D�EURDGHU�UDQJH�RI�HOHPHQWV�WKDQ�SUHYLRXVO\�UHFRJQL]HG��
)RU�PDQ\�PHDVXUHG�HOHPHQWV��WKH�GDWD�VHWV�JHQHUDWHG�GLVSOD\�SUHGLFWDEOH�SDUWLWLRQLQJ�SDWWHUQV�EHWZHHQ�
JDOHQD�DQG�FRH[LVWLQJ�PLQHUDOV��ZKLFK�PD\�EH�GHSHQGHQW�RQ�WHPSHUDWXUH�RU�RWKHU�IDFWRUV��7UDFH�HOHPHQW�
FRQFHQWUDWLRQV�LQ�JDOHQD�DQG�WKHLU�JUDLQ�VFDOH�GLVWULEXWLRQV�PD\�DOVR�KDYH�SRWHQWLDO�LQ�WKH�LGHQWL¿FDWLRQ�
RI�VSDWLDO�DQG�RU�WHPSRUDO�WUHQGV�ZLWKLQ�LQGLYLGXDO�PHWDOORJHQLF�EHOWV��DQG�DV�PDUNHUV�RI�RUH�IRUPDWLRQ�
processes in deposits that have undergone superimposed metamorphism and deformation. Galena trace 
element geochemistry may also display potential to be used as a trace/minor element vector approach 
LQ�PLQHUDO�H[SORUDWLRQ��QRWDEO\�IRU�UHFRJQLWLRQ�RI�SUR[LPDO�WR�GLVWDO�WUHQGV�ZLWKLQ�D�JLYHQ�RUH�V\VWHP�
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iNtroduCtioN

Galena is the most abundant and important lead ore mineral. 
Despite its simple chemical formula (PbS), several additional 
minor and trace elements can be incorporated into its simple 
cubic crystal structure. Many of these elements, such as Ag, Bi, 
Se, and Te, can be extracted economically as by-products from 
an ore containing galena. Others such as Sb, Cd, and Tl exist 
as impurities that may represent an environmental hazard that 
FDQ�EH�H[SHQVLYH�WR�VDIHO\�GLVSRVH�RI��RU�ZLOO�LQFXU�D�PRQHWDU\�
penalty if present at high enough concentration in a Pb- or Pb-
=Q�FRQFHQWUDWH��$�EHWWHU�XQGHUVWDQGLQJ�WKH�QDWXUH�DQG�GLVWULEX-
tion of minor/trace elements in galena is thus invaluable for the 
minerals industry.

Previous studies of galena (Bethke and Barton 1971; Black-
EXUQ�DQG�6FKZHQGHPDQ�������7DXVRQ�HW�DO��������)RRUG�HW�DO��
������)RRUG�DQG�6KDZH�������/LX�DQG�&KDQJ�������/XHWK�HW�
al. 2000; Chutas et al. 2008; Renock and Becker 2011) have 
VKRZQ�WKDW�PDQ\�PLQRU�WUDFH�HOHPHQWV�DUH�DEOH�WR�VXEVWLWXWH�LQWR�

the crystal lattice at a range of concentrations. Most published 
ZRUN�KDV�IRFXVHG�RQ�HOHPHQWV�VXFK�DV�$J��%L��RU�6E� WKDW�DUH�
NQRZQ�WR�RFFXU�DW�UHODWLYHO\�KLJK�FRQFHQWUDWLRQV�LQ�VRPH�JDOHQD�
VSHFLPHQV��9DQ�+RRN�������)RRUG�HW�DO��������)RRUG�DQG�6KDZH�
1989; Jeppsson 1989; Lueth et al. 2000; Costagliola et al. 2003; 
Chutas et al. 2008; Renock and Becker 2011). Marked gaps in 
RXU�NQRZOHGJH�H[LVW�ZLWK�UHVSHFW�WR�WKH�UDQJHV�RI�FRQFHQWUDWLRQ�
and inter-element correlations in galena from different types 
RI�GHSRVLW��DQG�WKH�ODZV�WKDW�JRYHUQ�WKHVH�GLVWULEXWLRQV��&RP-
positional data for galena in a sample suite representative of 
different styles of ore genesis is also invaluable for constraining 
the underlying mechanisms of element substitution better than 
they are at present.

Grain-scale compositional zoning is recognized in many 
VXOILGHV��H�J���S\ULWH��DUVHQRS\ULWH��DQG�VSKDOHULWH��+LQFKH\�HW�DO��
2003; Chouinard et al. 2005; Di Benedetto et al. 2005; Morey 
et al. 2008; Cook et al. 2009, 2013a, 2013b; Large et al. 2009), 
but has not yet been documented as such in galena, and has only 
been inferred from optical zoning (Ramdohr 1980).

This paper reports a reconnaissance study of elemental trace 
element analysis of galena from different types of galena-bearing 


