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Abstract 

Regolith carbonate, especially when indurated (calcrete), has been widely adopted as a 
sampling medium by many Australian Au exploration companies. Rapid uptake of the 
medium in geochemical exploration programs, following its reported success in the South 
Australia Challenger Au deposit discovery, has resulted in poorly constrained sampling 
methodology with many inconsistencies. Results have therefore been equivocal. This study of 
regolith carbonates and their association with Au will improve this situation. Three aspects of 
regolith carbonate development and association with Au are investigated. These are based on 
variable spatial scales, ranging from the southern Australian continent, to local area, to 
individual profile.  

On a continental scale, regolith carbonates cover extensive areas of southern Australia. The 
primary component, Ca, is sourced from mineral weathering or atmospheric sources. Through 
the use of Sr isotopes to provide a surrogate expression for Ca sources, the source was 
identified as > 90% atmospheric or marine derived. A uniform inland signature is identified, 
which is due to the continual recycling and mixing of marine derived Ca with minimal 
bedrock input. An external Ca source means that Ca does not have a direct relationship with 
Au, which is locally sourced from mineralised areas. 

On a local scale, a Au-in-calcrete anomaly extending over 20 km2 and lying over both 
mineralised (Tunkillia Au prospect) and barren bedrock was investigated. Regolith-landform 
mapping and geochemistry was used to further identify the zone of elevated Au-in-calcrete. 
The zone was found to correspond spatially with palaeo- and contemporary drainage systems 
that currently flow into ephemeral lakes. Geochemistry of the area shows that the majority of 
elements have been transported and enriched along these systems. This dispersion pattern and 
its contemporary landscape expression is complicated by dune fields over mineralisation that 
partially cover the palaeo-drainage. Millions of dollars have been spent drilling this anomaly 
with no significant mineralisation found beyond the discrete Tunkillia mineralized zones, yet 
with the aid of regolith-landform mapping an explanation of the anomaly spatial pattern and 
dispersion pattern has been provided at very low cost. 

On the profile scale, two regolith carbonate profiles from the White Dam Au-Cu prospect 
were analysed in detail. Mass balance calculations revealed chemical gains and losses for the 
soil horizon and total profile. The investigation quantified the extensive external Ca input and 
revealed the position and size of the Au particles. Gold in the profile prior to regolith 
carbonate development is concentrated at the top of what is presently the regolith carbonate 
horizon as calcite precipitation in void spaces reduces permeability. Ongoing calcite 
precipitation up the profile locks in the Au, resulting in a Au-in-calcrete anomaly.  

Exposure of Au-enriched calcrete horizons to chemical and physical weathering results in 
decomposition of the material. This material can then be transported in the form of surface 
lag, which may settle on top of existing and still developing regolith carbonates to form new 
Au-in-calcrete anomalies that are unrelated to underlying bedrock. 

The formation of Au-in-calcrete anomalies in relation to landscape processes is demonstrated. 
Additional information on landscape setting, gathered while sampling, can therefore improve 
interpretation of regolith carbonate geochemistry. Exploration companies that take time to 
understand the landscape setting in this way and react accordingly, can therefore expect 
improved results. 
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