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INTRODUCTION

The Hamersley Province of Western Australia contains some of the most
expansive and economically important iron-ore bearing geological formations in
the world. Current estimates of iron ore mining in Australia indicate that about 40-
50% of total production derives from channel-iron deposits (CID), which are the
result of weathering and erosion of terrane that includes the probable source of the
CID iron -- Proterozoic-age banded-iron formations of the Hamersley Group
(Morris et al. 1993, Ramanaidou et al., 2003). The dominant minerals in the ore-
grade CID are hematite and goethite. The stable isotope composition of these
iron(111) oxides can be a source of information on the environment in which the
CID formed (Yapp, 2001). In particular, the mineral goethite (a-FeOOH) contains
small amounts of occluded CO, which is present as an Fe(CO3;)OH component in
solid solution. Incremental vacuum dehydration methods yield measurements of
the mole fraction (X) and 6*3C of Fe(CO,;)OH, which are related, respectively, to
the concentration and 6'3C of CO, in the local environment at the time of
crystallization. Previous workers have used this proxy to estimate biological
productivity, CO, pressures in soil or groundwater, and under certain
circumstance, partial pressures of atmospheric CO, in ancient environments. We
applied this approach to the goethite of the CID of the Miocene-age Robe River
Formation to investigate the conditions under which those deposits formed.
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SAMPLES and BACKGROUND

Eight oolitic/pisolitic samples from a diamond drill core were provided by the
CSIRO of Western Australia (CSIRO core J6087). The core was drilled as part of
the mining activity on Mesa J (21°44'27.23"S 116°15'13.46"E) in the Hamersley
province of Western Australia (Figure 1). Mesa J is an example of inverted
topography resulting from the differential weathering and erosion of the geologic
formations hosting these channel-iron deposits. The CID of the Robe River Fm
includes a spectrum of iron-rich fluvial and fluvial-lacustrine rocks which can
range in lithology from gravelly mudstones and ooid-rich granular rocks to intra-
formational boulder conglomerates. These were deposited in Paleogene-aged
channels incised in Precambrian granitoids, volcanics, metasediments, banded iron
formations, and Paleogene-aged ferruginous valley fill (Morris and Ramanaidou,
2007). The ore-grade CID of Mesa J generally consist of Miocene-age
pedogenically derived pelletoids with hematite nuclei and goethite cortices,
abundant goethite-replaced wood and charcoal fragments, and minor goethitic
matrix composed of secondary re-precipitated goethite (Morris and Ramanaidou,
2007). Published (U-Th)/He ages of Robe River deposits from Mesa J indicate a 4
— 8 Ma time frame for deposition in three phases: (1) formation of hematitic
centers (cores) of ooids at ~ 14.3, ;;)Ma and ~ 18.3 , 35y Ma; (2) formation of the
goethitic cortices of the ooids at ~ 11.6, 35, Ma; and (3) ferruginization of wood
Jragments from~9.4,,5 Mato 8.2, ,, Ma (Danisik et al., 2013).
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storms that were features of a consistent shift in regional atmospheric
circulation at that time in Earth’s history.

CONCLUSIONS

The high concentrations and very negative 8*3C values inferred for
ambient CO, in those Miocene weathering systems imply high rates of
oxidation of in situ organic matter. Such high rates were probably
microbially mediated and if so, could be indicative of widespread
biological activity in the soil systems of the Hamersley province during
the Miocene.

Previous workers have suggested that biological activity may have played
a role in the weathering processes that generated the scale of iron
enrichment and accumulation seen in channel-iron deposits (Danisik et al.,
2013; Morris and Ramanaidou, 2007). Ancient microbial fauna might
have included species with adaptations similar to Shewanella putrafaciens
or Shewanella oneidensis, which are capable of dissimilatory iron
reduction in aerobic environments. Thus, even in oxidizing weathering
environments, microbial activity can induce local, reductive dissolution of
iron (111) oxides at the microbe/mineral interface (Grantham et al., 1997;
Hersman et al., 1996). Upon cessation of that biological activity, the
reduced iron could be released into the larger ambient environment, where
it would re-oxidize and crystallize as iron (111) oxides.

If the two foregoing categories of microbially mediated processes
operated in the Miocene and acted in tandem, one set could have
facilitated progressive Fe enrichment over multiple cycles of Fe(lll) oxide
dissolution and re-crystallization, while the other left evidence of high
concentrations of soil CO, with very negative 6°C values. However, as
indicated by the (U-Th)/He ages, the Fe recycling processes have not been
In widespread operation in these CID over the past ~ 8-12 Ma.
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