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Porphyry Cu (±Mo±Au) deposits, created when hot, fluid-rich magmas are emplaced into cooler regions of the Earth’s crust, represent geological systems of extreme thermal and chemical disequilibria. This paper discusses the progress and practices of research at CSIRO and collaborating institutions in producing data-driven, 4D thermal simulations of porphyry genesis.  Our initial focus in this area has been on the parallel development of integrated thermochronology (e.g., zircon/apatite triple-dating) and numerical modelling methods (e.g., 4DTHERM software). Thermochronometry techniques, such as zircon/apatite U-Pb-He triple dating and/or K-feldspar Ar-Ar dating, can be used to determine the time-temperature history of a rock sample as it cools from initial magmatic crystallization (e.g., 1000-800°C) through a hydrothermal dominant regime (500-300°C) to ambient geothermal conditions (<70°C). If multiple samples are analysed from the same ore system, then a 4D thermal data set is available to verify the numerical modelling outputs. The 4DTHERM software simulates the conductive and convective cooling processes of igneous bodies, and computes the distribution and variation of temperature in both igneous bodies and country rocks throughout the whole cooling process. The solubility of Cu-sulfide and other ore minerals in hydrothermal fluids is temperature dependent and, therefore, 4DTHERM outputs can be used to estimate the distribution and concentration of copper and other metals in the porphyry ore system.  Training sets for the Indo-Pacific, Tethyan and Chilean porphyry belts have been developed.

Future directions include coupling fluid chemistry data to the thermal and chemical evolution studies.  Fluid inclusion data derived from conventional heating-freezing techniques will be combined with PIXE/LA-ICP-MS microanalysis to determine the chemistry of fluids that transgressed the rock volume at specific temperatures. The simulation of ore formation using forward modelling techniques predicated on thermodynamic principles is an achievable goal, however creating the next generation of predictive exploration tools requires a convergence of research in the subdisciplines of analytical geochemistry, geochronology and computational geoscience.
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