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Abstract
Banded iron formations (BIFs) are iron-rich marine chemical sedimentary rocks, and their min-

eralogy and geochemistry can be used to gain insights into ancient ocean chemistry and biospheric 
evolution. Magnetite is the major iron-bearing mineral in many BIFs (particularly in the Archean) 
and is variably interpreted to be of primary, early diagenetic, or metamorphic origin. Different genetic 
interpretations for magnetite lead to divergent pictures of the Precambrian Earth system and its evo-
lutionary models through time. The Baizhiyan Formation of the Neoarchean Wutai Group (Shanxi, 
North China) features magnetite-bearing, Algoma-type BIFs deposited ca. 2.52 Ga, in the lead-up to a 
major period of global iron formation deposition in the Paleoproterozoic. Abundant magnetite crystals 
found in the silica-rich bands of these BIFs show euhedral, hexagonal morphology. We suggest that this 
hexagonal magnetite likely represents pseudomorphs after green rust, a mixed-valence iron hydroxy-
salt formed in the water column. The rare earth element composition of the BIFs shows negligible 
to slightly positive Ce anomalies (CeSN/CeSN* = 1.03 ± 0.07), which is characteristic of a dominantly 
anoxic water column. The presence of positive Eu anomalies (EuSN/EuSN* <3.9) suggests a substantial 
influence from proximal hydrothermal fluids. The co-occurrence of siderite layers associated with 
the magnetite-bearing strata may indicate iron cycling associated with ferruginous bottom seawater 
conditions. Geochemical signatures of the Baizhiyan BIFs are consistent with the interpretation that 
the magnetite was transformed from metastable green rust. This green rust could have formed via 
several processes, including the partial oxidation of Fe(II) by molecular oxygen/photoferrotrophs, 
the reaction of settling ferrihydrite with Fe(II)-rich hydrothermal fluids under anoxic conditions, or 
local dissimilatory iron reduction. In all cases, the contribution of primary green rust to BIF formation 
requires iron redox cycling, and similar pseudomorphs in the form of hexagonal magnetite may be 
more common in the geological record. Our findings support the models in which green rust was an 
important primary constituent of the Precambrian iron cycle, and the potential interactions of green 
rust with other elements (e.g., phosphorus) should be taken into consideration when reconstructing 
Precambrian biogeochemical cycles.
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Introduction
Iron formations (IFs) are chemical sedimentary rocks com-

monly made up of alternating bands of iron-rich (~15–40 wt% 
Fe) and silica-rich (~40–60 wt% SiO2) minerals (Trendall 2002; 
Simonson et al. 2003; Klein 2005; Beukes and Gutzmer 2008; 
Fischer and Knoll 2009; Posth et al. 2013a; Bekker et al. 2014; 
Konhauser et al. 2017; Rasmussen and Muhling 2018). The vast 
majority of IFs were deposited in the Neoarchean and Paleo-

proterozoic oceans between 2.80 and 1.85 Ga (Isley and Abbott 
1999), with the exception of an episode of global IF deposition 
during the Neoproterozoic ice ages (e.g., Cox et al. 2016). IFs 
are near-exclusively deposited prior to ca. 1.85 Ga (Konhauser et 
al. 2017 and references therein). Based on their sedimentology, 
IFs are subdivided into banded iron formations (BIFs), which are 
composed of finely laminated iron and silica bands and gener-
ally lack wave-influenced sedimentary structures, and granular 
iron formations (GIFs), which are comprised of thick-bedded, 
coarsely grained iron-rich deposits that feature evidence for shal-
low water deposition (e.g., Simonson 1985; Bekker et al. 2014). 
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