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Abstract 

The Loxton-Parilla Sands are a well-preserved Neogene strandplain sequence in southeastern 

Australia. They provide an opportunity to understand the interactions of fluvial and shoreline 

sedimentary systems, groundwater and subaerial weathering, with implications for mineral 

exploration within the strandplain and its underlying geology. I undertook a detailed 

paleogeographical and geochemical study of the western Murray Basin from the scale of the basin 

to individual grains to assess the geochemical processes and depositional environment of Neogene 

sediments.  

The observed distribution of heavy minerals supports previous studies that found that temporal and 

spatial variations in heavy mineral assemblages and zircon populations is related to access to 

different source regions and local depositional processes. Detrital zircon ages, from six locations 

including HMS deposits, range from the Cretaceous to the Mesoproterozoic and are consistent with 

major sediment sources in the neighbouring Adelaide Fold Belt, Lachlan Fold Belt, Grampians, 

Coleraine Volcanics, New England Fold Belt and Whitsunday Volcanic Province (WVP). Zircons 

from the WVP travelled up to 3000 km and are most likely to have been recycled through the 

Eromanga Basin. Gold is locally present at low concentrations and is distributed near the goldfields 

of Victoria. Geochemistry of Au that is non-repeatable, unrelated to the Fe-oxide indurated 

horizons, pathfinder elements, and heavy mineral concentrations is consistent with a detrital origin. 

I used geological logs from over 8000 drill holes to model the geometry of the Loxton-Parilla 

Sands and associated Neogene units in 3 dimensions. Curvilinear depocenters are interpreted to 

represent the path of ancient channels draining the Murray Basin during the Neogene. The Murray 

River west of Balranald has migrated north up to 80 km while the outlet of river has moved 300 km 

to the northwest of its former location near Edenhope to its current location. There was a major 

confluence of Neogene drainage channels east of Ouyen.   
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Detailed whole rock geochemistry, mineralogy, and major element mapping indicates the two 

major controls on geochemistry in the Loxton-Parilla Sands are detrital minerals and post-

depositional weathering. The post-depositional geochemistry is characterised by accumulation of 

secondary goethite and hematite (up to 80 wt. %) and silica, clay minerals, and minor carbonate 

and sulphate. Incorporation of Al into secondary Fe-oxides, mobilisation of Si in the weathering 

profile, and precipitation of barite point to strongly acidic weathering conditions as the result of 

acid sulphate soil development and ferrolysis. The range of morphologies of indurated materials is 

consistent with progressive induration and formation which began with interaction of groundwater 

and oxidised sediments in the coastal and near-coastal system. As the ocean further regressed, 

leaving the dunes ‘stranded’, the induration was overprinted by disaggregation, transport, and 

further induration of ferricretes to produce a range of internal textures. 

Whole rock geochemistry and element mapping reveal complex patterns of major and trace 

element distribution within Fe-oxides from indurated horizons in the Loxton-Parilla Sands. These 

patterns record fluctuating Eh and pH conditions related to wetting and drying of coastal sediments 

during and immediately following deposition. Concentrations of trace elements that are important 

pathfinders for a range of mineralisation styles are heterogeneous and reflect these temporally 

varying groundwater interactions rather than proximity to mineralisation. The Loxton-Parilla Sands 

and associated weathering profile are a complex system of sedimentary and post-depositional 

geochemical processes superimposed on eustuatic and neotectonic processes. This study underlines 

the importance of understanding the whole system in order to identify weathering processes and 

their application to regional mineral exploration. 
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