Rethinking Banded Iron Formations
Teacher Notes

What are Banded Iron Formations (BIFs)?
Banded iron formations are large
accumulations of iron rich sedimentary rocks
that were deposited in shallow marine troughs
or basins. Iron rich bands are composed of
hematitie (Fe2O3), magnetite (Fe3O4), siderite
(FeCO3) or pyrite (FeS2). The iron poor bands
contain chert (fine-grained quartz) with lesser
amounts of iron oxide.
Deposits are tens of kilometres long, several
kilometres wide and 150 – 600 metres thick.
Large Australian BIFs are found in Proterozoic
rocks of the Pilbara craton and Archaean rocks
of the Yilgarn craton in Western Australia.

Figure 1: BIFs formation through time. Light yellow =
older Archaean, dark yellow = Greater Gondwana,
brown = granular iron formation, red = Snowball Earth
formations (KG Budge 2020, public domain)

The established explanation – cyanobacteria producing oxygen (from Cloud 1973)
Cloud’s (1973) explanation of BIFs as evidence of oxygenic photosynthesis has been taught for at
least 20 years in Earth and Environmental Science classes. This idea explains how a major
evolutionary innovation in the biosphere changed the geosphere, hydrosphere and atmosphere.

Figure 2: Deposition of BIFs (from Tompkins & Watkins 2016)
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Problems with the established explanation
• BIFs are very old rocks that have been altered since deposition.
• Oxidation of iron does not require oxygen.
• There are many types of photosynthesis (only one produces oxygen).
• New evidence suggests BIFs were created by photoferrotrophy or abiotic processes.
BIFs are very old and have been altered
In the billions of years since their deposition, BIFs have experienced physical and chemical changes
as they formed sedimentary rock (diagenesis), as fluid flowed through the layers and as heat caused
metamorphism. Thus, it is difficult to find crystals of the original minerals that formed BIFs.
The BIFs that are mined economically are generally 60% - 70% iron and contain no evidence of chert
bands. These formations weather extremely rapidly. The exposed BIFs in Western Australia are
highly weathered and have been re-cemented with silica from evaporating groundwater. The chertfree BIFs are thought to have lost their silicates very early during diagenesis.
Nodules of chert are used to study the original BIF minerals because chert is nonporous and resists
fluid flow. Some researchers proposed that hematite particles found in chert represent the original
minerals. They consider magnetite and siderite to be products of diagenesis.
Recent electron microscopy studies indicate that greenalite (iron silicate) is the primary mineral of
BIFs. After deposition of the original greenalite, magnetite formed during metamorphism, replacing
the original iron silicates and carbonates. The heat of metamorphism can cause this replacement.
Less heat is required if water is present (generally from the flow of water through sediment layers).

Oxidation of iron does not require oxygen
In the modern atmosphere and hydrosphere, iron oxide forms easily in the presence of water and
oxygen. This is the familiar process of rusting. However, oxidation is a chemical process that involves
the loss of electrons. Electron loss can occur without the involvement of oxygen. There are many
lineages of Bacteria and Archaea that can use iron as an electron donor, thus oxidising iron. These
microbes include the purple and green sulfur bacteria.

Many types of photosynthesis
Photosynthesis uses a light-harvesting pigment to absorb specific wavelengths of light and convert
this into chemical energy. Light energy is used to remove an electron from the pigment. This
electron is picked up by other molecules and used to power cellular metabolism. The electron lost
from the pigment must be replaced.
Oxygenic photosynthesis replaces the pigment electron with an electron produced by splitting a
water molecule. This produces oxygen as a byproduct. Oxygenic photosynthesis is used by plants,
eukaryotic algae and cyanobacteria.
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The most ancient forms of photosynthesis did not produce oxygen. Anoxygenic photosynthesis is still
used by a diverse range of Bacteria and Archaea living in lakes, hot springs and soil. Oxygen is not
produced as a byproduct because water is not the electron donor. Electron donors for anoxygenic
photosynthesis include:
• Hydrogen sulfide (H2S)
• Elemental sulfur
• Hydrogen (H2)
• Ferrous iron (Fe2+)
• Nitrite (NO2-)
Hydrothermal vents and volcanoes would have directly or indirectly supplied these substances.
Canfield et al (2006) calculated that an iron-based ecosystem would be the most productive of the
anaerobic photosynthetic options. The estimates for iron-based primary production are the best
match with observed carbon isotope ratios used to estimate primary production in the Early
Archaean. Modern oxygenic ecosystems are 10 times more productive.
Alternate explanations for the formation of BIFs
There are two main explanations for BIFs.
Photoferrotrophy
Photoferrotrophy is an ancient process where Bacteria and Archaea use ferrous ions (Fe2+) for
energy (some Bacteria fix inorganic carbon). The byproducts are ferric hydroxide, greenalite and
siderite. Some photoferrotrophic bacteria use iron to create magnetite (the main iron oxide in BIFs)
within their cells.
Photoferrotrophy is thought to be the first form of photosynthesis, dominating in the Archaean
oceans which had high ferrous iron, low sulfide and no oxygen. The formation of BIFs based on
photoferrotrophy is shown in Figure 3.

Figure 3: Model of BIF formation based on photoferrotrophy from Camacho et al. 2017.
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Sulfide levels rose in the Proterozoic, at which time the photoferrotrophic model of BIF formation
would have no longer been dominant. In sulfur-rich environments, iron forms iron sulfides and
sulfide-driven forms of photosynthesis would have dominated primary production. Genetic evidence
suggests that oxygenic photosynthesis arose approximately 2.3 billion years ago, around the time of
the Great Oxidation Event and during the last phase of BIF deposition (brown in Figure 1).
Critics of photoferrotrophic and photosynthetic models of BIF formation point to the lack of organic
carbon in BIFs. This can be explained if other microbes degraded the organic matter, but perhaps
there is a simpler explanation – abiotic processes.
Abiotic processes
Electron microscopy of BIF-hosted cherts indicates that greenalite [(Fe2+, Fe3+)2-3Si2O5OH4] is the
original iron containing mineral in BIFs. The composition of the iron in the greenalite suggests that
greenalite formed from abiotic processes that were dependent on pH (Figure 4). Photoferrotrophy
produces Fe3+ as a product, but the greenalites found in BIF cherts are 80% - 90% Fe2+.

Figure 4: Model for abiotic deposition of greenalite from Rasmussen et al. 2017.

Those who champion the abiotic deposition of BIFs concede that bacteria could have been involved
in the process. However, an abiotic process is the simplest explanation with the least steps.
Conclusion
Over the two billion years of their deposition, it is likely that there were several processes involved
in the formation of banded iron. Changes in ocean chemistry and the evolution of life determined
the relative importance of these processes. Photoferrotrophy, abiotic greenalite deposition and
(later) oxygenic photosynthesis are all likely to have had a role at different times.
After deposition, the iron minerals in BIFs were altered through geological and chemical processes.
Removal of silicates occurred early in diagenesis as fluids were removed from the deposits. Heat led
to the formation of magnetite during metamorphic processes.
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