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abStract

The accumulation of metals and metalloids in diagenetic pyrite framboids is of interest because 
framboids can be a sink for heavy metal contaminants, a source of metals in ore deposits, and a tool to 
interpret paleo-ocean chemistry. In this study, we have used laser ablation-inductively coupled plasma-
mass spectrometry (LA-ICPMS) to analyze pyrite framboids from both the contaminated Derwent 
Estuary and the uncontaminated Huon Estuary in Tasmania, Australia. While the enrichment of many 
trace metals in the Huon Estuary followed expected trends, the trends in the Derwent were quite dif-
ferent. In addition to the expected high contents of Pb, Zn, and Cu in the contaminated interval it was 
found that several elements are not as strongly incorporated into pyrite within the contaminated zone. 
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in the contaminated zone resulting in diffusion of several elements to deeper levels in the sediments. 
This results in an increase of these elements in pyrite below the zone of major contamination. The LA-
ICPMS technique also provided the opportunity to obtain accurate data on gold, silver, and tellurium 
in pyrite, something rarely achieved in sequential leach extractions due to the low concentrations of 
these metals observed in nature.
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introDuction

Metal and metalloid accumulation in sediments has recently 
become of interest for three main reasons. First, pyrite can be 
an important sink for metals and metalloids (such as As) in 
contaminated rivers and estuaries (Lowers et al. 2007). Second, 
trace metal contents of shale can be used to interpret paleo-
environmental conditions (Algeo 2004; Anbar et al. 2007; Berner 
et al. 2013; Tribovillard et al. 2006) and since diagenetic pyrite 
is one of the sinks for trace metals in sediments (Dellwig et al. 
2002; Huerta-Diaz and Morse 1992; Neumann et al. 2013), the 
processes that led to enrichment of trace metals in pyrite are im-
portant. Third, recent ore deposit models suggest that diagenetic 
pyrite is the source for several significant gold deposits (Large et 
al. 2007, 2009; Thomas et al. 2011). It is, therefore, important to 
understand the factors that control the uptake of trace elements in 
pyrite. Previous studies have used partial digestions (Huerta-Diaz 
and Morse 1992) to establish the variations of metal content in 
diagenetic pyrite according to sediment depth. While this is a 
useful technique for studying uncontaminated sediments, there 
are many potential problems including the specificity of the 
reagents (Martin et al. 1987). This is of particular concern in 
contaminated estuaries where there may be other metal-bearing 
sulfides (e.g., sphalerite, chalcopyrite, and galena) that dissolve 
under similar conditions to pyrite.

This study examines pyrite samples from a metal-enriched 
site in the Derwent Estuary in Tasmania and compares them to 
the pyrite formed in an uncontaminated environment in the Huon 

Estuary ~45 km to the south to determine relative affinities of 
different trace metals for incorporation in framboidal pyrite. To 
avoid problems associated with specificity of reagents in partial 
digestion chemical analyses we employ LA-ICPMS analyses to 
directly determine the composition of trace metals in pyrite. To 
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lyze trace element content of pyrite (Berner et al. 2006; Neumann 
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superior detection limits and spatial resolution, we show in this 
paper that LA-ICPMS is a useful technique when the framboids 
analyzed are large enough to obtain an adequate signal.

trace eleMent incorporation into DiaGenetic 
pyrite

The iron sulfides examined in this study are pyrite framboids, 
which are clusters (often spherical) of microcrystalline pyrite 
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throughout the world in sediments under anoxic to euxinic condi-
tions. The mechanism of framboid formation has been the subject 
of much research and debate (Schoonen 2004). The process 
begins with the formation of iron monosulfides, which have a 
much higher rate of nucleation, effectively prohibiting the direct 
precipitation of pyrite unless seed crystals of pyrite are present 
(Schoonen and Barnes 1991). These iron monosulfides are then 
converted to the more thermodynamically stable pyrite (Rickard 
and Luther 1997). A common FeS species used in experimental 
studies is mackinawite (FeSm) (Lennie et al. 1995; Wolthers 
et al. 2003). However, FeSm may not be a necessary precursor 
in many natural systems and is only observed in systems with 
high-Fe concentrations (Rickard and Luther 2007), though as 


