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Early diagenesis is often obliterating the primary facies, fabric and geochemical signals in microbial deposits, rendering their paleo-environmental interpretation challenging. Diagenesis occurs at different spatial and temporal scales but mostly starts in nano- to micro-environments immediately after initial precipitation. However, if early diagenetic modifications are completed in a very short time span compared to the time scale of interest, then recorded paleoenvironmental signals and trends could still acceptably reflect original, depositional conditions. The unique co-occurrence of Holocene and Pleistocene microbialites in the Danakil Depression (Afar, Ethiopia) at varying preservation states, forms a perfect case to study their distinct diagenetic, petrographical, geochemical and biomarker signatures. Despite diagenetic overprint, the combination of sedimentary petrography, facies analysis, geochemistry and lipid biomarkers does allow to resolve their pathways of formation. 
Pleistocene microbialites, spherulites and crusts systematically occur at the transition from normal marine to hypersaline conditions after the restriction of the gateway between the Danakil Depression and the Red Sea. It is hypothesized that incipient evaporation and CO2-driven weathering of the volcanic seafloor in this active marginal rift setting caused a short-lived phase of increased alkalinity, promoting aragonite precipitation and the development of microbial build-ups before extensive evaporite precipitation took over. Fabrics evidence that both microbial and abiotic precipitation did interact in a continuum in oversaturated restricted waters under extreme environmental conditions at the margins of the Danakil Depression. Despite diagenetic overprint, their stratigraphic position unveils the environmental processes associated to the birth of a future ocean. 
Holocene microbialites are present within and at the margin of the hypersaline Lake Afdera fed by numerous hot springs in the southern part of the Danakil Depression. Carbonate spring deposits are composed of laminated biofilms and crusts, shrubs, and micritic, peloidal to clotted microfabrics. Gypsum actively precipitates within the lake, but especially around Franchetti Island, a volcanic island in the central part of the lake. Gypsum deposits are present as crusts, concretions and mounds with laminated gypsum microbialite and cauliflower structures. Spring carbonates and gypsum precipitates show the tight interaction between abiotic precipitation and microbial-influenced precipitation at micro-scale. At macro-scale the precipitation is governed by external environmental factors.
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