
 

A Comparison of Gold and Trace Metals in Pyrite from Shale Hosted Orogenic Gold 

Deposits and Pyrite from Modern Anoxic Sedimentary Basins 

 

Dan Gregory,
1* 

Tim Lyons,
 2 

 Anthony Chappaz, 
2
 Ross Large

1
 and Stuart Bull

1 

 
1
 CODES ARC Centre of Excellence in Ore Deposits, Private Bag 126, University of Tasmania, 

Australia, 7001 
2

 Department of Earth Sciences, University of California, Riverside, CA  92521 

 

*Corresponding author: email, ddg@utas.edu.au 

 

Introduction 

 Recently it has been proposed by Large et al. that diagenetic pyrite may be the source of 

gold and arsenic in shale hosted orogenic gold deposits in areas such as Sukhoi Log, Russia 

(Large et al., 2007) and Bendigo, Australia (Large et al., 2009).  The research presented in this 

poster has been conducted to determine whether diagenetic pyrites or organic matter from 

modern ocean sediments are enriched in gold and trace metals.  This is done by conducting laser 

ablation inductively coupled plasma mass spectrometer (LA-ICPMS) analysis on different 

pyritic, carbonaceous modern sediments from around the world. 

 

Model for Mineralization at Bendigo and Sukoi Log 

 A summary for the model for gold deposition at Sukhoi Log and Bendigo based on work 

by Large et al. (2009) is as follows.  Sedimentation in an anoxic/euxinic ocean basin leads to 

deposition of large amounts of organic sediments.  This is because the anoxic conditions limit 

biological breakdown of the organic matter.  These organic sediments act as ligands and bind to 

metal ions in solution.  As the organic sediments settle on the seafloor they carry the metal ions 

with them, thus concentrating metals within the sedimentary package.  The euxinic conditions 

induce pyrite formation, during which many of the metal ions concentrated in the organic matter 

are incorporated into the pyrite crystal lattice.  When the sediments are subjected to greenschist 

facies metamorphism the pyrites are recrystallized and trace metals are forced out of the pyrite 

lattice where they are either released into fluids to form deposits in favourable trap sites or 

become trapped as inclusions of different minerals within the younger pyrite generations.  The 

change in trace metal concentration for different generations of pyrite is shown in Figure 1 where 

three generations of pyrite can be observed in a sample from Bendigo.  The oldest generation is 

enriched in several trace metals (gold, arsenic, tellurium, zinc, silver, bismuth, molybdenum, 

vanadium and magnesium); the second generation is depleted in these metals and the third 

generation is weakly enriched.  The outer rim on the third generation pyrite is strongly enriched 

in arsenic and gold and it is believed to be representative of the mineralizing event. 

 

Criteria for Basin Selection 
 Basins were chosen by examination of data published online by the Ocean Drilling 

Project (ODP) and other literature sources (Lyons et al. 2005, Lyons et al., 2003, Hetzel et al. 

2009).  To be selected samples have to satisfy several criteria.  First, the samples had elevated 

contents of the trace metals vanadium, arsenic, molybdenum, nickel, antimony and zinc 

(VAMNAZ; Large et al., 2010).  These are redox sensitive elements that are commonly enriched 



in both organic rich shales and orogenic and Carlin style gold deposits.  Second, the samples 

needed to have relatively high organic carbon content.  Third, the samples had to contain 

significant pyrite.  Fourth, the samples were selected to represent as many different depositional 

environments as possible. 

 

Results 
The results of this study outline how the concentration of gold in pyrite relates to the 

background composition of gold in sediment.  This will help to determine the timing of when the 

gold and trace metals enter the pyrite crystal lattice, this will allow better under standing of the 

early stages of the model proposed by Large et al. (2009).   

 

Differences in gold enrichment depending on type of depositional basin may become an 

exploration tool for greenfields exploration as it may allow detailed analysis of depositional 

environment to determine whether a basin is prospective for gold mineralization or it could allow 

explorationists to chose stratigraphic horizons within a large sedimentary basin that are more 

prospective for gold mineralization (i.e in structural sites above strata expected to be gold 

enriched). 
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Figures 
Fig. 1. LA-ICPMS map of pyrite from Bendigo, Victoria, Australia showing the variation 

in trace metal concentration for three different pyrite generations (after Large et al., 

2009).    The first generation is a cigar shaped body in the centre of the crystal mass.  It is 

enriched in gold, arsenic, tellurium, zinc, silver, bismuth, molybdenum, vanadium and 

magnesium and is interpreted to represent an early diagenetic generation of pyrite.  The 

second generation is lemon-shaped, depleted in most trace elements and considered to be 

a later form of pyrite.  The third generation is coarse grained, slightly trace element 

enriched and represents of a late metamorphic phase of pyrite.  The rim of this generation 

of pyrite is strongly enriched in gold and arsenic and marks the mineralizing event. 

 

 
 

 


