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Amorphous calcium carbonate (ACC) has been observed, or inferred to exist, in the majority of the
major phyla of marine calcifying organisms. The CaCO3 produced by these organisms represents
one of the largest long-term carbon sinks on Earth’s surface, such that identifying how calcification
will respond to anthropogenic climate change is an urgent priority. A substantial portion of our
knowledge of the biomineralisation process of these organisms is derived from inferences based
on skeletal geochemical data, yet such models typically do not include an ACC component because
little is known about trace element and isotope fractionation into ACC. In order to address this, we
present, to our knowledge, the first structural and geochemical data of ACC precipitated from
seawater under varying carbonate system conditions, seawater Mg/Ca ratios, and in the presence
of three of the most common intracrystalline amino acids (aspartic acid, glutamic acid, and
glycine). Based on these data we identify the carbonate system conditions necessary to produce
ACC from seawater [Evans et al., 2019], and identify the dominant controls on ACC geochemistry.
As an example, we utilise these data to build a simple biomineralisation model for the low-Mg (e.g.
planktonic) foraminifera, based on precipitation of low-Mg calcite through an ACC precursor phase
in a semi-enclosed pool. This exercise demonstrates that the observed shell geochemistry of this
group of organisms can be fully reconciled with a model that includes an ACC component, and
moreover that constraints can be placed on the degree of ACC utilisation and the ACC-calcite
transformation process. More broadly, the exercise demonstrates that knowledge of the
characteristics and geochemistry of ACC is important in the development of a process-based
understanding of marine calcification.
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