
Purpose

The search space for porphyry Cu deposits can be large, sparking considerable interest in devising efficient methods to 
evaluate the prospectivity of intrusions in arc settings. One approach that has potential to improve exploration targeting 
is the analysis of detrital minerals that record information about factors important to fertility, such as magmatic 
oxidation state and volatile content. This study tested the efficacy of commonly used chemical fertility indicators in 
apatite and zircon for distinguishing Cu– Au porphyry intrusions of the Ordovician–Silurian Macquarie Arc from 
unmineralised I-type intrusions of the adjacent Silurian-Devonian Lachlan Orogen (south-eastern Australia). 

Key Findings 

• Not all apatite and zircon fertility indicators reliably signal ore potential in the Macquarie Arc. However, zircon Eu/Eu* 
distinguishes most fertile intrusions and apatite Sr/Y is particularly effective — especially for Au-rich shoshonitic 
systems.

• Magmatic devolatilisation can mask fertility signatures in zircon and apatite. The timing of zircon and apatite 
crystallisation relative to fluid saturation is an important consideration for Cu-Au porphyry fertility assessments. 

• Cu-Au fertile intrusions of the Macquarie Arc bear the hallmarks of a water-rich source melt, but zircon and apatite 
record limited evidence that these melts were significantly more oxidised or Cl-rich than barren arc magmas.

Significance/future considerations 

This study is the first to evaluate popular zircon and apatite fertility indicators in the Macquarie Arc by comparing results 
from mineralised intrusions (e.g. Cadia, Cargo and Copper Hill) with spatially associated but barren I-type granitoids. We 
showed that Sr/Y in apatite is a particularly useful indicator of fertility in the Macquarie Arc, independent of metallogeny, 
and Eu/Eu* in zircon was also highly effective. These geochemical tools can be applied to detrital zircon and apatite 
collected from stream sediments in the Macquarie Arc to evaluate the porphyry Cu-Au prospectivity of a catchment area. 
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