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Stromatolites are laminated rocks found throughout the fossil record of the last 3.5 billion years. Observation of present-day growing stromatolites show that they originate from complex microbial ecosystems known as microbial mats. Once common in shallow aquatic environments, living stromatolites are now rare and restricted to extreme environments (Suosaari et al., 2019). Old reports accounted for living stromatolites and extensive microbial mats in hypersaline Lagoa Vermelha in Brazil (Höhn et al., 1986), although in the last decade only stromatolite skeletons have been observed (e.g. Keim et al., 2020). To unfold why did Lagoa Vermelha stromatolites died, how long they have been dead, and how did they change after death, samples were collected and analyzed using light and scanning electron microscopy techniques. Observations at fieldwork showed upper stromatolite surfaces green and slimy. Barnacle shells were abundant at outer surfaces but absent within stromatolite cores. In contrast, foraminifera and ostracod shells were found throughout the stromatolites, particularly between laminae. Burrows about 1mm wide occurred up to 1cm from outer surfaces, whereas abundant micro-burrows 10µm in diameter reached less than 1 mm into the stromatolites. Some micro-burrows were filled by lithified microorganisms. Light microscopy showed diffuse blue, green and yellow autofluorescence in carbonate minerals. Stronger autofluorescent spots were scattered throughout the samples and may indicate microbial remains. Those within micro-burrows showed the stronger autofluorescence, indicating fresher organic materials. Red autofluorescence, which may indicate the presence of chlorophyll, were observed only inside micro-burrows. Accordingly, scanning electron microscopy showed fresh cell remains within micro-burrows. The color of samples at the time of collection, as well as the size, shape, and the red autofluorescence within microburros enabled the interpretation of micro-burrowing microorganisms as filamentous cyanobacteria. Localization at or close to outer surfaces indicate that burrowing cyanobacteria, as well as barnacles and burrowing animals, colonized naked stromatolite surfaces after loss of the microbial mat coat. Based on ours and previous findings (Carvalho et al., 2018; Pennafirme et al., 2019), we suggest that Lagoa Vermelha stromatolites died due to eutrophication. It happened at least a few years before we began fieldwork in 2013, and since their death the stromatolite mineral skeletons became colonized by barnacles, burrowing animals, and filamentous cyanobacteria.
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