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abstRaCt

Banded iron formations (BIF) have recently been used as proxies for tracking the chemical 
changes associated with the transition from an anoxic to oxic atmosphere around 2.45 billion years 
ago, known as the Great Oxidation Event (GOE). The timing of the GOE has been ascribed to both 
the collapse of a methane greenhouse and a decreased overall demand for oxygen due to the produc-
tion of more oxidizing gases associated with greater subaerial volcanism. The latter is a byproduct 
of a period of high mantle plume activity and the formation of new continental crust between 2.51 
to 2.45 Ga. Here we report unique mineral evidence for momentary subaerial volcanism recorded 
in hematite-rich layers of the 2.48 Ga BIF from Dales Gorge, Hamersley of Western Australia. The 
BIF contains euhedral quartz nanocrystals (QNC), which only occur on the surfaces or in cavities 
of hematite breccias exhibiting soft-sediment features and an exogenous source. These QNCs with 
an average size of 170–100 nm are distinct to the amorphous chert in the BIF mineral assemblage 
and have the smallest crystal sizes of well-crystallized quartz ever reported. We suggest that QNCs 
represent pyroclastic materials that were transported as dust particles to the BIF depositional setting. 
Although the analysis of one specific BIF unit does not provide proof of changing modes of volcanism 
during the Archean-Paleoproterozic transition, this high-resolution petrological study does confirm 
that subaerial volcanism existed at that time.
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intRoDuCtion

Superior-type banded iron formations are layered chemical 
precipitates that developed in near-shore continental shelf en-
vironments and are typically interbedded with carbonates and 
black shales. Banding can be observed on a wide range of scales, 
from coarse macrobands (meters in thickness) to mesobands 
(centimeter-thick units) to millimeter and submillimeter layers 
(Trendall and Blockley 1970). Among the macrobands, the lay-
ers are commonly subdivided on the basis of mineralogy, with 
“BIF” macrobands dominated by iron oxides (e.g., hematite, 
magnetite) and chert or carbonate (siderite, dolomite-ankerite) 
and “S” macrobands comprising chert-carbonate-silicate BIF 
interspersed with shaley horizons (Morris 1993). The BIF mac-
robands are widely accepted as being chemical precipitates, 
formed initially of a mixture of ferric hydroxide [Fe(OH)3], 
greenalite [Fe3Si2O5(OH)4], siderite (FeCO3), and amorphous 
silica (SiO2·nH2O) (e.g., Klein 2005); these primary minerals 
have since been modified by both diagenetic and metamorphic 
processes. By contrast, the S macrobands, such as in the 2.48 Ga 
Penge Iron Formation South Africa, are believed to have been 
deposited when clastic materials were transported during a sea 

level drop into what was previously a sediment-starved, chemical 
precipitation environment (Bau and Dulski 1996).

Interestingly, in the 2.48 Gyr Dales Gorge Member of the 
Brockman Iron Formation, Western Australia, the S macrobands 
have instead been suggested to have been derived from subaerial 
pyroclastic input on normal BIF chemical processes. The S 
macrobands contain about 40–45% shale, which is made up of 
stilpnomelane and chlorite, with varying amounts of feldspar, 
mica, quartz, carbonates, carbonaceous material, and sulfides. 
A volcanogenic origin to the shales was proposed based on 
their lateral stratigraphic continuity and chemical composition 
(Trendall and Blockley 1970; Ewers and Morris 1981), although 
the only direct evidence of pyroclastic material is a few putative 
volcanic shards (La Berge 1966). During S macroband accumula-
tion, total annual silica precipitation increased, as did the ratio of 
silica to iron. This increase has been attributed to surface cooling 
associated with “volcanic winters,” and hence of supersaturation 
of warm incoming silica saturated water (Morris 1993).

The potential presence of pyroclastic material in the Dales 
Gorge BIF also has significant implications for global tectonic 
evolution during the Late Archean to early Palaeoproterozoic 
and the rise of atmospheric oxygen. Several studies have sug-
gested that extensive igneous activity and the rapid growth of 
continents led to the change of atmospheric redox conditions * E-mail: yiliang@hku.hk


