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Spatio-temporal distribution of microbialites in reef systems over the last 30 to 10 ka
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Calcification of microbial mats adds a significant amount of CaCO3 to primary reef structure that stabilizes and binds reef frameworks. Previous studies have shown that the distribution and thickness of late Quaternary reefal microbialites reflect changes in environmental parameters, such as seawater pH, carbonate saturation state, and sediment and nutrient fluxes. However, these studies are few and limited in their spatio-temporal coverage. In this study, we investigated the spatio-temporal distribution of microbialites and their response to environmental changes using the IODP Exp. 325 fossil reef cores from Hydrographers Passage and Noggin Pass on the slope edge of the Great Barrier Reef (GBR) that span 30 to 10 kyr BP. Representative Exp. 325 cores were computed tomography (CT) scanned and analysed to assess the 3D heterogeneity (occurrence, geometry, and volume) of the microbial crusts in the reef frameworks using AVIZO software. High resolution images of the cores were used for 2D analysis to estimate the surface area and thickness of microbial crusts. Comparing the two methodologies, it was shown that the 2D technique represents an efficient and accurate proxy for the 3D volume of reef framework components. Our GBR microbialite record was then combined with a meta-analysis of 17 other reef records to assess global scale changes in microbialite thickness over the same period. We found that shallow-water, structurally complex, open frameworks were most suitable for abundant microbial crust development. We also found that the crusts were coeval with coralgal communities in both shallow water and fore-reef settings. However, in some shallow water settings they also occur as the last reef framework binding stage following the demise of coralgal communities. Lastly, crust thickness, when compared to changes in environmental conditions between 30 to 10 ka, suggests a temporal correlation with pCO2, calcite saturation state (Ωcalcite) and pH of seawater, indicating these environmental factors likely played a major role in microbialite development in the GBR. This supports the view that microbial crust development could be used as an indicator for ocean acidification in the fossil record.
