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Precambrian cratonic terranes host spectacular giant ore deposits such as Witwatersrand (40% of world’s gold resource), the 550 km-long Great Dyke of Zimbabwe and the Talnakh ultramafic-mafic intrusions in Siberia (world-class Cu-Ni-Co-PGE deposits), Bayan-Obo REE-Nb-Fe deposit (45% of world’s REE production) in Inner Mongolia, China, as well as many others. Among these giant Precambrian ore systems ancient paleo-placers, represented by the behemoth Witwatersrand auriferous basin, occupy a truly special place as they carry an impressive inventory of metals such as gold, silver, platinum group elements, molybdenum, copper, uranium, rare earths and even diamonds. Mineralized sedimentary basins, to various extents similar to Witwatersrand, have been identified within most Precambrian cratons rendering their origin and conditions of metal accumulation among the most fundamental problems of modern geology. Genesis of these ore systems is subject of a hot debate (Robb and Meyer, 1995; Hayward et al., 2005; Mathur et al., 2013; Phillips and Powell, 2015; Heinrich, 2015) with three models – detrital, hydrothermal and combined reworked detrital – currently being supported by most of available data. In this paper we present data for two such craton-scale mineralized systems, the Archean Hamersley Basin in the Pilbara Craton of western Australia and the Proterozoic Nemui conglomerates from the SE Siberian Craton, which we compare with the classic Witwatersrand mineralization in an attempt to constrain possible noble metal sources and evaluate potential role of Precambrian magmatism and plate tectonic processes.

Auriferous conglomerates of the 2.77-2.63 Ga-old Fortesque Group carry reef-type gold mineralization associated with typical “buck-shot” pyrite and gold grades of 1 to 10 g/t over widths of several meters. The total drilling-supported resource stands at 6.4 million tonnes with a grade of 2.7 g/t Au, resulting in 560,000 ounces of Au. The Fortesque group metasediments are broadly comparable to auriferous conglomerates from the Witwatersrand Basin. Based on the lithology and mineralogy of the Fortesque Group sediments, and the ubiquitous presence of older greenstones (komatiites, basalts) and granites among the heterolithic conglomerate clasts, the main sources of metals in the Hamersley Basin are inferred to be mafic-ultramafic volcanics and associated granites from a Mesoarchean granite-greenstone Pilbara terrain.

Pb isotope ratios in gold and sulfide from the Fortesque Group conglomerates determine an imprecise isochron of 2875 Ma, consistent with available geological and geochronological data. These ages correlate with 2.8-3.0 Ga ages of multiple magmatic arc complexes in the East Pilbara terrain which, as supported by clast lithology, are likely sources of metals in Hammersley basin. Sulfides from the Fortesque Group display the lowest Pb isotope ratios and are, therefore, most probably of Archean detrital origin (Fig. 1). Gold, on the other hand, has the most radiogenic Pb isotope signatures (Fig. 1), suggesting that it was deposited during a later (metasomatic?) event that introduced high U/Pb ratios to noble metal mineralization in the Hammersley basin. Re-Os isotope analyses of gold and pyrite separates are underway to help determine the age and source of the gold. Preliminary data on one gold sample indicates that it has a relatively low Os abundance (0.375 ppb) compared to gold from Witwatersrand, for which Os concentrations in gold separates are ~10 – 10,000-fold higher, ranging from ~4 to >4,000 ppb Os (Kirk et al., 2001; 2002). The Os concentration of the gold in the present study is instead at the high end of the range reported for the younger Moeda deposit, which ranges from only ~0.01 to >0.1 ppb (Kirk et al., 2002). The relatively low Os concentration in the gold may be indicative of a crustal origin, sourced from rocks relatively low in PGEs compared to the mantle or komatiites. The measured 187Os/188Os ratio of 4.00 ± 0.02 is furthermore highly radiogenic compared to gold of Witwatersrand (0.108 – 0.892), also consistent with – but not definitive of – a crustal origin for the Os. However, unlike the Witwatersrand case for which the highly unradiogenic 187Os/188Os ratio of 0.108 directly provides a model mantle extraction age (~3 Ga), interpretation of the radiogenic 187Os/188Os measured in our gold separate will require determination of a gold-pyrite Re-Os isochron to evaluate the age and initial 187Os/188Os signature – and thus the source of the Os and Au.
 



Figure 1. Pb isotope variations in gold and pyrite from the Fortesque Group conglomerate (Hamersley Basin, Pilbara craton) define an imprecise isochron at 2875 Ma.

Metalliferous Nemui conglomerates fill a large (300 by 100 km) pericratonic basin comparable in size to both Witwatersrand and Hamersley basins. Some petrographic features observed in Nemui sediments, such as presence of matrix biotite and laminated pyrite, also suggest close similarities with auriferous conglomerates from the Kaapvaal and Pilbara cratons. U-Pb zircon ages from the Nemui conglomerates determine an isochron age of 1831 Ma with potential re-setting around 169 Ma (Fig. 2). While the Paleo-proterozoic Nemui ages suggest derivation of gold and other metals from Batomga greenstones and granites along the SE edge of the Siberian craton (Vovna et al., 2014; Guryanov et al., 2016), Jurassic ages suggest large-scale re-mobilization of noble metals within the Nemui basin due to the thermal influence of the giant Uda-Murgal-Stanovoy subduction zone/magmatic arc (Goryachev and Pirajno, 2014).
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Figure 2. Distribution of zircon U-Pb ages from the Nemui metalliferous conglomerates (SE Siberian Craton) defining a primary depositional age at 1831 Ma and re-activation of Nemui basin associated with Uda-Murgal-Stanovoy subduction system at 169 Ma.

Granite-greenstone terrains are the main sources of metals in Precambrian craton-scale paleo-placers. Komatiites and basalts contribute PGEs and some gold, while TTGs are responsible for Au, Ag, Mo, REE and U budgets. Copper is somewhat enigmatic but is most probably sourced within granite-greenstone lithologies. Archean auriferous basins such as Witwatersrand and Hamersley are linked to erosion of a collage of oceanic plateaus and magmatic arcs accreted against cratonic nuclei during initiation of a modern-style Wilson cycle in the Mesoarchean. Proterozoic mineralized sedimentary systems such as Jacobina and Nemui are associated with an increasing rate of post-Archean subduction, which culminated in the Neoproterozoic with the establishment of modern plate tectonic processes.  

Gold mobilization in the crust-mantle system is closely linked to Precambrian subduction episodes, enabled especially by their intensity and duration. Three major gold-forming subduction episodes are recognized: sporadic Paleoarchean to Mesoarchean (3.5-3.0 Ga) subduction, intermittent Paleoproterozoic to Early Mesoproterozoic (2.5-1.5 Ga) subduction, and an avalanche subduction pulse in the Neoproterozoic (younger than 1 Ga). Evidence of the earliest subduction episodes in the Hadean and Eoarchean are so far very rare, and no metal mineralization can be yet attributed to these very nascent stages of plate tectonic development. 

Most, if not all, giant Precambrian paleo-placer deposits were accumulated within pull-apart basins formed at rifted cratonic margins. Metal distribution appears to be structurally controlled by strike-slip faulting. Gold and other metals are accumulated in two principal stages: detrital (along with diamonds derived from older kimberlites) coupled with coeval, large-scale felsic volcanism, followed by later hydrothermal overprinting. Most of the combined metal resource in such Precambrian paleo-placers as Witwatersrand, Hammersley, Birimian-Tarkwaian goldfields, KMA, Jacobina and Nemui was most probably accumulated during the detrital stage, through extensive erosion of preceding granite-greenstone sources.   
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