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Recent work in the Hilltop, Lewis, and Bullion mining 

districts provides new insight into the relationship of precious- 
and base-metal epithermal and porphyry deposits to nearby 
igneous intrusions. Radiogenic and stable isotope data allow 
us to elucidate the timing and origin of hydrothermal events 
within the districts. 

Five molybdenites from four samples associated with Cu + 
Mo ± Au porphyry-style mineralization from the Hilltop 
district yield ages from 40.1± 0.2 to 40.6 ± 1.2 Ma with a 
weighted mean of 40.23 ± 1.7 Ma (MSWD = 2.4, 95% CL).  
A single molybdenite sample from Cu + Mo ± Au porphyry-
style mineralization at the Tenabo deposit (Bullion district) 
provides a 39.0 ± 1.4 Ma age.  40Ar/39Ar ages for biotite and 
amphibole from unaltered igneous units within and/or 
proximal to mineralized areas (i.e. Tenabo granodiorite biotite: 
38.85 ± 0.07 Ma) are nearly coincident with molybdenite ages, 
supporting a relation between pluton emplacement and 
porphyry mineralization. 

Sulfur isotope data for both deposit types suggest a 
magmatic origin (δ34SCDT range from -4 to +4 per mil) for 
most sulfide minerals.  Carbon isotope data (δ13CPDB range 
from -0.2 to -11.6 per mil) from carbonate minerals associated 
with ore also support a magmatic origin for the ore-forming 
fluids; carbonate oxygen isotope data (δ18OVSMOW range from 
-1.3 to +14.4 per mil) indicate predominantly magmatic to 
mixed magmatic/meteoric source fluids. 

Calculated temperatures of ore-forming fluids using sulfur 
isotope data yield: 304-502°C (Gray Eagle mine), 339°C 
(unnamed prospect), 249°C (Lovie mine), and 434°C (Hilltop 
deposit). 

Geochronology and stable isotope data suggest base- and 
precious-metal mineralization is genetically related to Eocene 
magmatism.  Geothermometry data and geologic observations 
suggest ore deposition within these districts may represent a 
continuum between low-temperature epithermal conditions 
and higher temperature porphyry-style processes. 

Testing time for the fool’s clock: 
40Ar/39Ar dating of pyrite 
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Previous studies suggest that pyrite containing potassic 

inclusions can provide reliable 40Ar/39Ar ages (York et al., 
1982; Smith et al., 2001), and that the pyrite’ clock’ may even 
survive post-crystallisation alteration. In this study, we test the 
robustness of the 40Ar/39Ar pyrite dating method, using 
sericite-bearing samples from three Australian orogenic gold 
deposits characterised by varying degrees of overprinting. 

40Ar/39Ar laser-probe step-heating analyses of single pyrite 
grains from the unaltered Mt Charlotte deposit (Western 
Australia) yield concordant high temperature results with an 
isochron age of 2598 ± 8 Ma (2σ), indistinguishable from a 
previous muscovite age of 2602 ± 8 Ma (Kent and McDougall, 
1995). Younger ages from low temperature steps are attributed 
to argon loss from inclusions exposed along fractures and 
grain boundaries. This result demonstrates the limited 
usefulness of single-step fusion analyses of pyrite and could 
account for the scatter observed in previous data. 

Thermally overprinted matrix sericite from the ~2630 Ma 
Kanowna-Belle deposit (Western Australia) gives 40Ar/39Ar 
ages <2500 Ma. Low temperature steps from pyrite grains 
yield old apparent ages up to 3.3 Ga, attributed to diffusive 
loss of argon to pyrite/inclusion boundary zones during post-
crystallisation heating. Total-gas ages are mostly in the range 
2580 – 2650 Ma, indicating high retentivity of argon by most 
pyrite grains. 

40Ar/39Ar analyses of pyrite grains from the ~440 Ma 
Stawell gold deposit (Western Victoria), hydrothermally 
overprinted at ~400 Ma, yield intermediate total-gas ages, 
indicating incomplete retention of argon and/or partial 
recrystallization of some pyrite grains. 

These data confirm the potential usefulness of pyrite for 
constraining the timing of ore deposits, even when thermally 
overprinted,  However, precise age determinations may be 
limited by argon loss from exposed inclusions, multiple pyrite 
growth events and/or pyrite recrystallization. 
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