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abstract

We report silician magnetite from banded iron formation (BIF) in the Dales Gorge Member of 
the Brockman Iron Formation, Hamersley Group, Western Australia. Magnetite mesobands typically 
consisting of individual ~100 µm microlaminae are revealed to be composed of silician magnetite 
overgrowths on magnetite. Silician magnetite overgrowths contain from 1 to 3 wt% SiO2, whereas 
(low-Si) magnetite domains contain less than 1 wt% SiO2. Silicon solid solution is present in the 
magnetite crystal lattice as determined by in situ micro-X-ray diffraction and high-resolution trans-
mission electron microscopy. Three textures are distinguished in magnetite mesobands: (1) magnetite 
sub-microlaminae with silician magnetite overgrowths, (2) recrystallized magnetite fragments with 
silician magnetite overgrowths, and (3) a complex intergrowth of magnetite and silician magnetite. 
All three textures are found in magnetite mesobands from the BIF4-5 and BIF12-16 macrobands of 
the Dales Gorge type-section drill core DDH-47A from Wittenoom, Western Australia. Magnetite do-
mains contain numerous submicrometer-to-micrometer inclusions of quartz, carbonate, stilpnomelane, 
and apatite, whereas silician magnetite overgrowths are devoid of mineral inclusions. The presence 
of mineral inclusions in magnetite indicates the BIF oxide precipitate was not chemically pure iron 
oxyhydroxide/oxide. Magnetite domains display textures formed during soft sediment deformation 
that are the earliest and best preserved relict sedimentary structures in this BIF. Silician magnetite 
is the dominant iron oxide in the Dales Gorge BIF and is present in many other sub-greenschist fa-
cies BIFs worldwide. We suggest the former presence of organic matter creates reducing conditions 
necessary to stabilize silician magnetite. Thus, silician magnetite is a potential biosignature in BIFs.
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introduction

Magnetite (Fe3O4) is a common mineral in many rock types 
and, with hematite (Fe2O3), comprises the major economic source 
of iron derived largely from banded iron formations (BIFs). BIFs 
are chemical marine sedimentary rocks with distinctive alternat-
ing iron-rich (oxides, carbonates, and sulfides) and silica-rich 
(chert and jasper) layers. BIFs are defined as having a minimum 
15% Fe and have been classified into depositional facies based 
on the dominant mineralogy (James 1954). Oxide facies BIFs 
are largely composed of iron oxides and chert (usually in sub-
equal amounts) but can also contain numerous other minerals 
depending on metamorphic grade. Oxide-facies BIFs that have 
experienced low degrees of metamorphism (sub-greenschist 
facies conditions) typically contain iron oxides, chert, iron-
rich carbonates, stilpnomelane (and other silicates), apatite, 
rare pyrite, and trace amounts of organic matter (Klein 2005). 
Magnetite and hematite are not generally considered as direct 

BIF precipitates but may form by transformation of precursor 
amorphous ferric oxides/hydroxides [Fe(OH)3] by microbial iron 
reduction in the buried sediment (Konhauser et al. 2005; Johnson 
et al. 2008; Koehler et al. 2010).

BIFs are enigmatic, highly aesthetic, and an oft-cited example 
of non-uniformitarianism in the geologic record. For these rea-
sons, and as the dominant economic source of iron, BIFs have 
been the subject of extensive study. Recent reviews provide an 
important summary of the current understanding of the formation 
of BIFs (Trendall 2002; Klein 2005; Ohmoto et al. 2006; Bekker 
et al. 2010), and advanced analytical techniques are bringing new 
insight (Johnson et al. 2008; Pecoits et al. 2009; Steinhoefel et 
al. 2009, 2010; Czaja et al. 2010; Heimann et al. 2010; Craddock 
and Dauphas 2011; Heck et al. 2011), yet much remains unknown 
since no modern analog exists and most BIFs have undergone at 
least some degree of metamorphism.

BIFs also provide a unique record of iron and silicon cycling 
in the Precambrian. The hydrous surfaces of iron hydroxides 
are known to have a strong affinity for dissolved constituents in 
seawater including silicic acid (H4SiO4) (Harder 1965; Harder 
and Flehmig 1970; Yokoyama et al. 1980, 1984). Recent experi-
ments have shown that microbial reduction of ferrihydroxide 
in the presence of silica produces magnetite (Kukkapudu et al. 
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