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Ooids are ubiquitous in the geological record since the Archean and have been widely studied for more than two centuries. However, they still prompt active scientific discussion, particularly about the role of microbial communities and organic matter in their formation and development. Although ooids typically occur rolling around in agitated waters, here we describe modern ooids forming statically within microbial mats from hypersaline ponds of Kiritimati (Kiribati, central Pacific) and compare them with fossil examples from the Lower Triassic of Germany, popular for being one of the earliest modern scientific descriptions of ooids by Ernst Kalkowsky, but which are still poorly understood.
Kiritimati is one of the largest atolls on Earth, it is located close to the Equator and its climate is controlled by ENSO cycles. Its surface includes ~500 ponds with salinities that range from brackish to hypersaline. We studied microbial mats from three hypersaline ponds and found aragonitic ooids forming within them, although their abundance and development varies between mats and even between the layers of each mat. Ooids grow around autochthonous micritic nuclei, and have laminated cortices composed of alternating radial fibrous laminae and micritic laminae. Micritic laminae are closely associated with mat exopolymers (EPS), pointing to a stronger organic control in their development, whereas the formation of radial fibrous laminae is likely more linked to physicochemical factors. Therefore, the Kiritimati ooids probably form by cyclic variations in the mat microenvironments due to both environmental (e.g., hydrochemical changes in the ponds, probably linked to ENSO cycles) and biotic factors (e.g., metabolic processes and EPS degradation). Accordingly, radial fibrous laminae are formed during periods of increased supersaturation, either by metabolic or environmental processes, whereas micritic laminae are formed during periods of lower supersaturation and/or stronger EPS degradation.

Some of the Lower Triassic ooids described by Kalkowsky have similarities with the modern Kiritimati ooids in their laminae composition and in their lateral and vertical relationship with the mineral products of microbial communities, i.e. stromatolites. This points to probable similarities in the formation processes of both modern and Triassic examples. Interestingly, Kalkowsky was one of the first to interpret a similar organic origin for both the Triassic ooids and stromatolites he studied. Therefore, our comparison may prove Kalkowsky right, and indicate that some of the Triassic ooids formed within, or at least in close association with, microbial communities, such as in the modern analogue.

Thus, this study provides a significant step forward in the understanding of ooids not merely as physicochemical precipitates but as particles whose growing mechanism is at least influenced, if not directly controlled, by microbial communities, and it demonstrates that care must be taken when interpreting the origin of fossil ooids.
